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FORENORD

Volume II (Appendicen) of the Technical Final Report for
the Misamis Occidental Water Districi Waler Jupply Feagibility
Study contains detailed information relatimg to several chapters
of Volume I. The appendices may either pertain to0 mors than
one chapter of Volume I or to specific sections of a chapter.

Appendices 4, B, C apnd D refar generzlly te several chapteare
of Volume I, Appendix A, Design Criteria, is fundamental to
studies in all chapters of the Techuiocsl Reporte. Appendix H
Basis of Cost Estimatas, has baen used in tho preparation of
cost oalculations in Chapters VIIX and IX. Appendices C and
D are related to Appendix B and to the construction of the
recommerded plan described in Chapier IX,

The other appendices refer to specifioc chaptar sections
in Volume I. The appendices are nnmbered according to the
ohapter and section to which thay refer. Thus, Appendix
VIII-D refers to Chapter YIII Seotion D of Volume I. The
figures and iables are nunbered consecutively after the
chapter and section designation.
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APPENDIX A
DESIGN CRITZRIA

General

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

vludy 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.

Dopulaticn Projections

The total service area population would be projected on the
bases of separate projections for the core city or poblacion and
for the varrios within the present and future service areas,
Transient population such as students, tourists, refucees, 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 currently served in the study area will be based on mumber
of piped water connections and average number of people per urban
household as obtained from the official census books. In the es-
tination of future population cerved, cost and availability of the
water from sources other than the water district would be consi-~
dered.

Land Use Projections

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

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

Pressure Zonac

Depending on general topography of the water service area
there may be one or more service pressure zones in the water dis-



tribution systems The maximum difference in ground levels in any
pressure zone Will not be iore than 50 meters.

Separate supply lines from the source will be provided for
each zone where ecdnomically feasibles

Unit Water Demands

s Domestic: Average per capita domestic water consumption will be
estimated for the study area. Past water distriot records and
records from similar cities will be used for early estimates,
When using the water district records, the actual metered cus-—
tomersand borrowers would be considered separately., For borro-
wers, an averase unit consumption of 20 lpcd shall be assumed,
However, the final ectimates will be tased on actual field
meagsurements. Field measurement will be done by direct meter
reading hr izolating certain service area scotions which will
represent different economic classesc of customerse This measure=
ment will be conducted in areas which have adequate supply.

Unit domestic consumption will be increased by 1 to 2 per
cent e2th year to account for economic growth within the commu-
nity.

be Institutional and Commercial: Irstituiional and commsrcial
water demands will be estimated as a percentage of domestic
demand based on availeble past records of the woier digtricts
or similar cities. If no records are available a unit flow of
5 cum/day per gross hectarewill be used in the esiimates for
this purpose.

ce Inducztrial: At prevent, there is no heavy induutry 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 availabley a
unit flow of 10 cum/dax/ha (sross) will be used in the e:li-
mates,

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

Una:countable Water

With a review of the available water distrizt records or cone



sumption pattern in similar cities, a tentative percentage of the
total supply rejuirement will be established for unaccountable
water for the early studies. The final estimate of unaccountable
water will be based on actual field measurements. Unaccountable
water may include waste and unrecorded usage. It is assumed that
the amount of unaccounted-for=water will be reduced gradually with
the implementation of staged improvements to the system,

Total Supply

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

Demand Variation

Maximum daily ani peak hourly demands in each study area
will be estimated from the available records for service areas
Wwith 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 checkinz these assumed valuess.

For preliminary stuiies a maximum-day to average~day ratio of
1.2:1 and a peak-hour to avera ¢ .oy ratio of 1.5:1 = 2,0:1 will be
used.

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

Population and Demand Distribution

The study area will be divided into several tub-areas repre-
senting different population densities and demand patterns. Loca-
tions of the existing large demand customers (e.g., industry, mili-
tary base, univercity campus, airport, etc.) and their water usages
would be obtained through the water distirict records or field mea-
surenents, With these data, a demand load distribution will be
mada for the existing and future water distribution systems.

Bxisting Water System Analysis

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



Average—~day demands will be included in computer input data. Demand
factors will be applied for maximim-day and peak-hour flow condi-
tionc. About 5 per cent of wiwccountable water will be zlloczted to
transmission line and the remaining unaccountable water will be
evenly distributed in the distribution systeme 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 boog-
ter station would be studied separately after establishing its hy-
draulic grade line (HGL).

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

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

b) <Cast Iron Pipe

Size (mm) 100-150 200-300 350-500
fze: new 100 110 120
10 o/
years 90 100 11
20 years 80 90 1053/
30 years or
more 70 80 1001/

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 maximum-day demand, a typical commercial
residential 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

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

A system skeleton will be prepared for each pressure zone.
Future pipelines will follow existing roads or proposed roads as
much as possible. The maximum spacing between feeder main lines
will not exceed 1,000 meters. For strengthening the syastem 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 number, 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 excaed
70 meters, If the existing water supply facilities were to be used,
the pre-esteblished HGL elevation would be evaluated carefully for
deciding whether to continue to use them or to phase them out.

If a feasibie storage tank site can be located in the aystem,
a system input at a rate of maximum-day demand will be required.
If no storage tank site iz 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 peal hourly
demands. )

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

Pipe Size (mm) "o Value
200-300 110
350-500 120
600-larger 130

A field cleaning and lining of existing large size meins 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)e The maximum opera~
tional level fluctuation in the tank will be 7 meters. If there
is more than one storage in the system the operational volume
required at each site will be determined through computer analysis.
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Well pump capacities will be based on an evaluation of the
pumping tesi of the well for yield and drawdown. In determining
pump head characteristice the estimated minimum water level in
the well, head losses through suction pipe assembly and the head
required in the system would be investigated.

Booster pumps will be selected either to meet peak-hourly
demands if there is no distribution storage or to meet maximum
daily demands if there is an adequate storage., FEach 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 siorage tank site
is loocated 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
floWw 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 1lps from each of two adjacent hydranta)e

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

Special effort will be made to utilize all or portion of the
existing facilities as much as feasible. Data which would be
required on the existing facilities for 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 charncteristics, locvations
y

Valves ¢ check valves, closed or throttled valves

Pipes

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

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

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

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

e, Zconomic ounsideration

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

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

Because of the brittleness of the material, the use of cast
iron pipe and ashestos cement pipe is generally limited to the )
smaller 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
may “lso put the water system out of operation for a long period,

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

AT



. The minimum cover on a pipe shall be 0,60 meters, If there is a
traffic load, the minimum cover shall be increased to 0.90 me If
this can not be accomplished, the pipe shall be encased in concrete.

Recommended Pipe Materials

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

Diameter (mm Service
Pipe Material 10-100 150~400 450-600 700-1200 Distribution Transmission
Prestressed Concrete -~ - - x - x
Steel xg/ X - X
Cast Iron - x x - x x
Ductile Iron - x x x x x
Asbestos Cemoent - x x - x -
Polyvinyl Chloride
or lolyethylene pipe3 b'e - - -

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 prucesse This is specially true where extensive internal
scaling has occurred in the pipeline. Experience shows thai
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 oement lining
in place will be included in the improvements program where extensive
capacity losses in the water ma$ 1= are observed,

Valves

To isolate and drain pipeline sections for test, inspection,
cleaning and repair a number of valves are generally installed in
the lines The most commonly used valves are gate and tutterfly
valves followed by check, cone valves, blow-off and air release
valves,s Despite the wide range of designs, all valves have only
one purpose: to slow down or stop the flow of watere In a
distribution system, large numbers of shut-off valves (gate and
butterfly) are utilized. Gate valves are more applicable to pipe
sizes up to 300 mn in dismeter, For larger size pipelines butierfly

géalva.nized steel pipe.
3
Service connections only,
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valves will be used,

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

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

The minimum working pressure of valve will be in accordaace
with the service requirements. Vilve design and manufacture will
conform to the current AWWA or ASTH specificationse

FMire Hydrants

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

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

Spacing ¢ 150 m, maximum

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

Hose outlet ¢ 1x 60mm (2kin

Pumper outlet 1 x 100 mm (4=in

b) Normal single family residential arcas:.

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

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

Flow lMeters

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
constriction is a function of the flow rate, The venturimeter,
flow nozzle and orifice meter are constriction meters which
make use of this principle. The head loss through a venturi-
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meter is considerably less than for the other two types of
-meterss Pitot tubes and pitometers nay also dbe typed as differ-
ential head meters,

Be Mechanical Meters

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

clogging.

Plumbing Code

The Philippine National Plumbing Code shall be applicable,

Distribution Stogggg Tanks

Distribution storage tanks are used to provide storage volume

. to meet fluctuations in water use, to provide fire storage, and to
stabilize pressures in the distribution system. The tank in rela-
tion to the service area, should be located as much om the opposite
site from the source as poseible; on the other hand, the tank locam
tion should not be too rar away from the demand center, A storage
tank is normally located at a sufficiently high point so that water
level in the tank can control the hydraulic grade line and fluctuate
with the variation of system demand. A tank refills when the demand
is low and feeds into the system when the demand is highs With an
adequately sized storaged tank it is possihle to have supply and
trensmission faoilities operating, more or less, at a steady rate
which is normally to be around maximum daily demand for the design
yeare

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
elevation, therefore, will be set at a level which will be a maximum
of 70 m higher than the lowest ground level in the service area,

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

Piping in a tank will consisi of incoming flow pipe, overflow
and drain pipe, and outgoing flow pipes. From those, all uf the
pipes, with the exception of overflow pipe, are valved.

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

Booster Pump Stations

A pump station structure and related piping will be designed
for a psriod 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~diascharge curve,.
With development of composite pump curve for the number of existing
and proposed pumps ai a station and application of this curve on
the systems, the head-discharge curve indicates rated flow and heag
for the pumps. Where pump is pumping directly into distribution
system, the system curve shall be studied through computer analysis,

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

If the water has to be pumped through a long transmission line
before it reaches the distribution system, an eccncmical study may
be necessary before deciding on pumping head versus tranemission
pipe size. In this study, pressure limitation in a distribution
system has to be taken intc 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, FEconomy and practicality of electric or diesel power
will have to be studied for the study area. '

Electriciiy is 480 volts, three-phased with 60 ¢ycles, Looal
needs for zdditional power transmission line and a substation will
have to be investigated.

In addition to manual start-stop, each pump station shall
be equipped with high pressure sensing device to autcmatically
stap 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 superstruocture constructed
from locally available material to help provide security from
- theft and vandalism and to minimize the noise problem in residen-
tial areas,

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

Pumps are to be constant speed single stage, horizontal or
vertical centrifugal types The minimum number of punps in any
station will not be less than two. Pump ratings, make and model
in the system will preferably be the same for gimplification in
operation and maintenance. A stand-by capacity equal to the
largest pump in a pump battery will be desirable for agssuring
the firm capacity of the station even when one pump is out of
service, Where electricity is not reliable, consicderation should
also be given to having one of the larger punp motors close-coupled
with a diesel or gas driven engine. By this, at least part of
station capacity will be available in the event of pover failure,

Water Quality Criteria

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

ae 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 healthe.

ce The water should be free from encrusting or corrosive
properties and should be clear, colorless, lasteless
and odorless,

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

Surface Jater Sources

The treatment of water from a surface source must be economice
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 2000,

Hydrolosical Studies

Daily or monthly streams flow records, if available, should
be used in the safe yield estimates, If stream flow records are
not available, correlations with similar basins with longer period
of recocds, based on drainuge areas, should be made. Recommenda~
tion should be made for the establishment of stream gauging stations
for uge in design. Yor extension of stream flow records for a
longer period, rainfall-runoff correlations can be useds 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 gross
water demand in the study area to decide whether any impcundment
is needed and when needed, Without a need for impoundment reservoir
a water diversion and intake structure would te required for the
supply. If an impoundment is necessary to meet the demand an invest.-
igation will have to be carried out on possible dam sitess Dam sites
can be located, first, on 1:50,000 topo-maps. As a result of &
preliminary field investigation covering area geology, accessibility
and major relocation due to reservoir impoundment, some of the sites
can be eliminated. For the selected sites mass inflow curves will
be plotted covering at least one significant dry period. Mass inflow
curve should be adjusted for evaporation and riparian rights. Demand
lines drawn tangent to the high points of the mass curve represent rate
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of withdrawal from the re-arvoir. issuring the reservoir to be 1l
whorever a demand line imversects the mass curve, the maximum
departure between the demand line and the mass curve represents

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

In ovder to determine thz basic dam height , area~volume curves
are drawn up for each feasible dam site. From these curves a dam
height can be selected which would create enough volume of reser-
voir to satisfy the demard and deal 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 stream may be considered for multi-
purpose basin development including power, irrigation and naviga=
tion. This will require close cooperation with the other authori-~
ties to make sure that adequate amount of water will be availabla
for municipal usages. In accordance with the governmental require-
ments in the Philippines any proposed dam 60 m or higher must be
comnunicated to the National Power Corporation.

Raw Water Pump Stations

Location, arrangement, 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 apprcach channel, intake structure which will
be equipped with stop logs, bar screen and contrel gates, and pump
welt well,

The station will ve designed for the maximum daily demand in
the desisn year. Pumps will be capable of delivering the design
flow at the maximum head which is the sum of differential static
head, suction lift (if‘any), and suction and discharge head losses,
Selection of pumps ir the station will be based cn the application
of pump curves on system head=-capacity curve,

Electric motor or diesel engine driven vertisal turbine pumps
will be used for the raw water pumpage o
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Staging of Source Development

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

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

Facility Demand

Dams Averace-Day

dater Treatment Plant Faximum=~Day

Diversion and Intake Maximum=Day

Transmission Lines a) Peak-Hour if no distribution
storage

b) Maximum=Day if thers is an
adequate storage

A gufficient time shall be allowed for planning, design and
construction of future facilitles,

Survexs

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

Grouniiwater—=Springs

Springs can be developed as gravity or pumped supply. In
both cases sufficient period of flow measurements will be needed
for determining the minimum yield. The yield of some springs
may be increased by direct pumpage; however, before doing this a
careful evaluation of aquifer and recharge area should be made to
avoid pocsible damage to the springe 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 bhe required; the most likely
quality problem with spring water being either excessive hardness,
or iron and manganese, The spring recharge area must be protected
from pollution.
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In the construction staging of spring development, the measured
minimum yield should meet the maximum daily demand of the study area,
if adequate storage is provided for peak-hour 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, interw
ference between wells, and water quality. In addition, geologioc,
hydrologic and meteorologic data will be evaluated with informas
tion on current withdrawals to estimate recharge to aquifers and
to estimate the overall safe yield of the sourcee.

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 requirements of the source,

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

Jater, in general, has to be pumped from a croundwater well
with the exception of flowing artesian wells with adequate Yield,
Pumps normally used for this purpose are either multi-stage
vertical turbine pumps which are shaft driven by motors or engines
located on top of well o submersilile pumps in which the pumps
and electric motors are combin:d in one unit placed below the water
surface of the well, The pump bowls may be set at approximately
5-10 m below the lowest anticipated pumping level, The lovwering
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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dhere the source of electric power is not reliably, diesel
engines will be considered for pump drive units, Pumping head
will be determined by pumping level in ihe well and minimum
pressure requirements in the distribution systen during peake-
hour demands or by tank filling operation during minimum hour
demands.

Water Treatment Works

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

General Desigm 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 ihe treatment plant will be the maximum daily water demand
of the system for the design year. Using water demand pro jectiocns,
a logical program for development of treatment facilities may be -
establisheds Deciszion will have to be made about which units to
be built initially for ultimate needs or tn provide for develop-
meni 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,
55) the change of purchasing power during the debt period, and

6) the performance »f facilities during the early ycars,

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

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

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

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

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

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

(2) An economic but durable constructiont outdoor type
filters can be adopted in the Philippines. Constructe
ion items will be selacted for a minimum service
perlod of 50 years,

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

(4) Operation of filters, flocculators and chemical feed-
ing oquipment requires the most .attention of operators,
It i3 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
necesczary to place the rapid mix basin in the
chemical building.

(6) Chemical handling and feeding system will be simplifieds

(7) Unessential instrumentation will be avoided,

Types of Water Treatment Plants

The quality of raw water varies greatly from source to
source. Acoordingly, the type of treatment to produce a safe
and palatabls water will vary. The World Health Organization
has established treatment requirements in relation to the
coliform bacterial content of raw water,
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Application of treatment methods in relation to raw water
characteristics is shown in Appendix Table A=l,

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

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

dater filters can Le designed hydraulically as slow or rapid,
depending upon the rate of flow ver unit of surface areca. The
processes of a treatment plant are briefly explained in the
following sectionse

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

Area Reggirement

Type of Aeration sqm per 1,000
cum/day
Spray 2450
Multiple Tray 1.25
Cascade 1.25
Diffuser 1,75

Inclusion of aeration process can be useful and economical
in the treatment of rround water which has a high conlent of
carbon dioxide, iron and manganese and hydrogen sulfide,

Mixinge Coagulation of particles in the water with the

addition of chemicals is accomplished during mixing processes,.
Where only a coagulant is used or where sequence of application

A -19



oC-v

APPENDIX TABLE 4~1
APPLICATION OF TREATMSNT METHODS4

Water Quality Pretreatment Treatment Speci%}\ Treat}nents
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§/F‘or extreme muddy water, presedimentation by plain settling may be provided.

Source: FHater Treatment Plant Design, ASCE, AiWA, CSSE, 1969 edition




is not critical, chemical mixing may be obtained by injection
of chemicals into a point of high velocity flowsy such as the
suction of a liow=lift pump, a parshall flume, or a hydraulic
punpe In other cases power may be put into water to secure
mixing either by mechanical agitators or by use of gravity in
baffled basins. The rectangular baffled basins are usually
designed for horizontal flow with a detention time of 60
seconds at the design flow. Basimwith mechanical agitators
may be designed for a detention time of 30 seconds. Design
of mechanical rapid mixing basin is based on the rave 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
agitatorss Power requirement is aboul i.3 hp per 10,00C 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 heha~=
viour of water to be treated in a proposed plant can be best
determined by: (1) laboratory testing using "jar test" tech—
nique, followed by laboratory filtration orn?Z) pilot plante

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

Floocculation. 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 polyelectro-
lytes may be considered., For the provincial areas in the
Philippines non-~-mechanical type of baffled flocculation
basins may be economical. A distinct advantage of baffled
flocculation basins is elimination of short circuiting of
flow, However, the mixing intensity in this type of basin
is dependent on flow rate.




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

Sedimentations, This prooess usually finds application in
two principal ways in water treatment: plain sedimentation and
sedimentation following coagulation and flocculatione Plain
sedimentation is usually used to reduce heavy sediment loads
prior to complete treatment; therefore it is often referred %o
as presedimentation,

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

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

a) an inlet zone to provide smooth transition from the
influent flow to the uniform, steady flow desired in
the settling zone. 1In general, the flocoulation and
settling basins are located in the same rectangular
tank to eliminate the need for a chammel inlet.

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

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

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

Most sedimentation tanks used in water purification today

are of the horizontal flow 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
tvpe basins are expected to be applicable in the Philippines.,

Horizental-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
weirs The choice of rectangnlar or circular horizontal=flow type
is usually based on designer's preference and site limitationse
Many sedimentation basins are equipped with mechanical equipment
for the continuous removal of settled solids.

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

The temperature of the water, the specific gravity of mate=-
rials in suspension, and the size and shape of the suspended
p2’t Yes influence sedimentation processe. Experience has shown
.uist haigher tank overflow rates can be uced in warm waters, A
particle with hisher specific gravity will settle fasters The
time of retention in the sedimentation tank is important, because
Jonger time permits more floc contacts and, hence, more floc
growth,

The purpose of the settling tank is to hold the water for
a period of $ime during which the velocity of flow through the
tank has been pgreatly decreased to allow sedimentation 4o occur.
The main characteristics of sedimentation tank involvad include
the tark 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

Velocity Tank

Raw Water Treatment . Overflow Rate Detention Through Depth
(oum/day/sqm) Time (hr) Basin m/min (m)
Surface  Alum flocY 25-50 24 0415-0,50 34
Ferrous floc? 30-50 24 0015~0,50 3-4
Surface or lLime softening 40-60 1-3 0.20-0, 60 34
ground
Without subsequent
filtration 1020 8=12 0.05-0,20 4<H
Plain seliimentation 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 depthe
are preferable. In addition to the caloulated settling basin, a
provision for inlet, outlet and sludge collection zones, will be
maile.

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 whioh mechanical
collectors are available, and for rectangular type the length
would be adjusted accordingly. Basins no% provided with sludge
removal equipment will be made deep enough to provide sufficient
volume of sludge storage ocapacity. Typical basin outlet overflow
rates are shown in Appendix Table A-3s In reotangular tanks, the
overflow weir length required ocannot 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,

%Mith subsequent f£iltration.
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APPENDIX TABLE Aw-3
TYPICAL WEIR OVERFLOW RATES

Weir Overflow Rate
Type of Treatment cum[day/h

Light alum floc | 150
(low turbidity water)

Heavier alum floc 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 pumpg 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 olassified hydraulically as slow or rapid,
depending upon the rate of flow per unit of surface area. Slow
sand filters operate at a rate as high as 9 cum /sqn, and rapid
or high rate filters operate as high as 20 cum/hr/sqm. Qne 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-
woved 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 minimur 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~-
allyo

In the design of new plants, the gravity rapid filter with
coarse~to-fine media (duzl media) is the obvious choice for the
great majority of installations. The best example of this is
the coal-sand filter with a coarse coal layer of about 18 in
deep above a fine sand layer of about 8 in thicke. 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 distribue
tior of backwash water., It also serves to collect the filtered
waters, With many types of filter bottoms or underdrains, a supporte
ing bed of gravel is used to keep the sand out of the underdrain

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

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

is specified to have an effective size of 0¢35-0.50 mm and uniforme
ity coefficient of about 1l.7. Crushed anthracite coal has a specific
gravity of 1.5, as compared to 2,65 for silica sand, Effective sizes
of coal up to 0.7 mm are used in filters.

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

Warm water is easier to fiiter 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 uwsually 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 backwashing is done to remove from the %2d 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/aqn must be provided., Wastewater from backwash
is colleoted in washwater troughs and conveyed into a waste

drain.

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

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

Appendix Table A-4 shows the recommended velocitisg for
water filtration wnits:

APPENDIX TABLE A-4
RECOMMENDED VELOCITIES FOR FILTRATION UNITS

location Velocit
]5(90035

Influent 1.0
Effluent 1.5
Backwash 355
Waste 2,0

Cost Estimates

The oonstruction cost estimates of proposed improvements
will be based on projected July 1976 unit prices. The estimates
will show foreign and looal cost components of the projeot coste.
Construction cost projeotions will be made for all items which
will be included in a water supply projecte When using a source
information outside the Philippines necessary adjustment will be
made to refleot the local labor cost. All estimates will be
based on an exchange rate of P7 1o 1 US dollar, It will be
assumed that no customs duty will be charged on items imported
for publio water supply projeocte. Separate cost indices for
looal and foreign cost components will be developed. Cost tables
will be prepared to show a breakdown of the estimated construotion
cost for major items.



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

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

4. Administrative and legal Fees: 003 D
Sub~total E

5« Interest Durinz Construction (at 123) F
Total Project Cost G

Sconomic Cost Comparison

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

Base Year: 1976

Discount Rate: 12%

Service Life of Facilites:
a) Ctructures and Pipelines: 50 years
b) HMechanical Squipment: 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, pover, 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 te based on gradient series at 124 interest rate.

Cost of any facility to be replaced during design period
(1975-2000) will be included in the present worth cost analysise.
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No esoalation factor will be applied to July 1976 prices as
all of the schemes will be arfested in the same rate.

Salvage value of a facility will be estimated by using linear
depreciation foer its value thrcughout its service life.

Economic comparison of alt<rnetive schemes and selection of
the least cost scheme will be based on present worth of net dis-
dursements during the perisd of 19762000,
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APPENDIX B
BASIS OF COST ESTIMATES

(ensral

Cost data refer basically to estimated construction costs,
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 ocurve
form for easy application during feasibility studies. In develop-
ing the estimates, data and information from various sources includ
ing local engineering consulting firms, materials and equipment
marufacturers 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
useds The cost figures have been projeoted to prices likely to
prevail in July 1976.

Construction costs undergo short and/or long-term chamges
refleoting fluctuation in the local (national) economy and world
pricess In the United States, construction cost trends are printed
weekly in the Engineering News Record (ENR) and used extensively
as a guide for construction cost projections. Based on price 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 foreigm exchange component (FEC) of
the cost. Price indices furnished by the Department of Eoonomioc
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 Frice Indices for all items
were applied to the labor and profit components of construction
work. For local materials, the Retail Price Indices for constructe
ion materials were useds For imported mechanical and transportatien
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
projeot 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 appurtenancee 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 ocosts
‘to estimated quantities for a given dam project will yield estiw=
+mates of the conmstruction cost for the project or ooaponents
‘thereofs

‘Tunnels

The oonstruction costs of tunnels are heavily dependent on
;& large number of variables, Among thess are the types of rook
or other material encountered, the physical or siructural defeots
.0f the rooks, the extent to which water is present in the formu~
‘tions along the route of the proposed tunnel, length of {unnel te
'be driven, the size and shape of tumnel, the method of attacking
'the tumnel headings or faces, method of drilling (conventional vs.
‘machine), ventilation and dust control requirements, the mucking
operation employed, timbering, steel supports and reck bolts re-
:quired, design and thickness of concrete lining, the skill and
‘ability of workmen, and the knowledge and experiemce of their
:eupervisors, Reasonably accurate construction costs of tunmnels
are difficult to estimate, more so in the absence of cost data on
-existing installations. Reliable estimates can be made only after
‘thorough investigaticn of the tunnel route by borings, geelogical
study and consultation with specialists in tunnel construction.
‘The unit price approaclh, i.e. cost per unit length of tunnel, to
tunnelling ocost estimates is risky and can result in substantial
1arTors. ' ‘

For the purposes of this study, estimating prices developed
for tumnels are those for oomponent or appurtenant work for tunnslw
Iing rather than for the completed tunnel., The cost figures are
ipresented in Appendix Table B~2, Construction cost for each tunnel
rproject must be estimated individually.

"Deep Wells

"Coct data for deep well construction are presented in Appendix
®igure B~3. The costs are based on actual costs, Bid prices, and
wontraot prices for deep wells,

‘The ‘estimating prices inoclude materials and labor costs and

-are 'for -non=-gravel packed wells with perforated casing in lieun of
-a;well .goreen, Costs of materials are based on the use of imported

B~2
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APPENDIX TABLE B=~l
UNIT COSTS! FOR DAM AND APPURTENANCES

A, Dam Embankment

Unit Cost
(July 1976)

Item Unit (P) Remarks
Mobilization L.5.2 300,000
Clearing and Grubbiny: ha 1,500 Under water add 15%
Common XExcavation cum 16 Under water add 154
Hard pan Excavation cum 20 Under water add 157
Pock Txoavation 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 aggregate cum 12
Impervious earth core

hauling oum/km

placement cum K
Backfill

dump cum 8

compacted (machine) cum 60
Crushed rock cum 50 material
Riprap (placement ) sqm 30
Steel sheet pile in place ton 10,000

Bo Roads

Common Excavation for Roads cum 4
Road Embankment cum 6.5 placement and compaction

1Foreign exchange component of dams and appurtenances is 30% of
total construction cost,

2Lump S\Une



APPENDIX TABLE B-1 (Contirmed)

Macadam Pavement Bqm 20
Bituminous Surface sqm 27
Excavation (see previous unit costs)
Concrete (Plain) oum 500
Reinforced Concrete oum 900
D, Miscellaneow:
Generators
25 kw LeSe 3,000
50 kw L.S. 10,000
100 kw ' L.Se 15,000
250 kw L.S. 20,000
Structural Steel ton 8,000
Sluioce Gates LeSe 50,000
Miscellaneous 145 10% of Total



APFENDIX TABLE B-2

TUNNEL CONSTRUCTION COST? ESPIMATES

(July 1976 pricas)

Foreign Exohange

Itew Component Total Unit Cost
Numbsr Work Description {4 of total) {negon)
A, Items with Unit Quantities
1 Open Excavation
a) Rook 45 25/ cum
») Hard Fan 45 20/cun
o) Seil 40 16/cum
2 Tunne} Excavation 50 100/cum
3 Tunnel-Concrete Lining 10 600/cum
4 Tunnel-Stael Supporis 30 (See page &)
5 Rock Bolts 20 {See page ¢)
6 Grouting 10 (See page ¢)
7 Drainage and Ventilation (See page )
8 Miscellaneous 20 (See page ¢)
9 Cofferdam and General Dewatering 17 (See page ¢)

3Does not include engincering and contingencies, land cost,
administrative and legal fees.



APFENDTX TABLE B2

B, Unit Prices Variable With Tunnel Inside Diameter

(A11 unit prices in pesos per meter of tunnel)

Iterm

Rumber Work Description
4 Steel Supporta4
5 Rock Bolted
6 Groutingd
T Drainage and Ventilation
8 Niscellaneocus

(Cont inued)

Tunnel diameter (m)

225 T30 40 50 1,0
800 900 1,100 1,300 1,550

350 400
400 500
500 550
500 600

450
650
600
150

500 550
800 900
650 650
$00 1,000

Ce Estimated Lump Sum Cowt for Cofferdam, Channels and General

Dewatering.

Drainage Area ot River
(sqkm )
40-50
50--1G0
100-200
200=500
500=800

De Mobilization and Demobilizaticn =

4Fbr required length only.

Estimated Coot

P x 10°

2,0
3.0
4.0
4.5
5.0

$200,000



Schedule 40 black iron pipe casings Labor costs include mobiliza=-
tion and demobilization charges, drilling, installation of casing,
perforating, developing the well, test pumping, well disinfeotion,
and grouting the upper 15 to 30 m of the well,

Duep 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, contrels, miscella=
neous materials, and installation. The pumphouse is assumed to be
constructed of masonry or cast-in-place reinforced concrete walls
and roof of wooden members and corrugated galvanized iron roofing
sheets, Alternatively, cast-in-place reinforced concrete flat slab
roof may be employed. €Costs do not include the cost of the land
and other site improvements,

Water Pump Stations

The cost curves which are shown in 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 includeds 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 Statese 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. ccsts to reflect differing construction
ocosts in the Philippines, The resulting construction cosis 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 curvese

Water Mains

Cost studies have been made on pipes of various materials
including cast iron, asbestos cement, steel, ductile iron and
pre-streassed 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,
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are presented in Appendix Tables B-3a and B-3b, The costs include
pipe, fittings, jointing materials, excavation, pipe bedding, baok-—
fill, laying and jointing, comcrete 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
ingide cement lininy, outside tar coating, and bell and spigot lead
caulked joints. Costs for asbestos cement pipe are for Class 25,

150 R160 specifications, with sleeve~type coupling joints. Costs for
steel pipes are based on pipe with a wal’ thickness of 0,25 inch, with
inside cement lining and outside double~enamel coating,

Booster Pump Statigg

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 trange
misaion line and a substation and land would have to be added to
the cost~ obtained from this curve,

Ground Storage Reservoirs

Constr:ction cost estimates of ground storage reservoirs are
presented in Appendix Figure B-8, including steel, reinforced oone
crete and prestressed concrete tanks, The costs for steel and reine
forced concrete tanks are based on updated costs of actual constructe
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 presemt, prestressed conorete tanks
are not constructed in the Fhilippines,

Tank costs include ordinary piping, valving, and tank accesso=
ries such as vent, access manhole, ladder rungs, eto, The costs do
not include special valves and controls, land taking and access roade

Gate Valves

Gate valves up to 600 mm diameter can be manufactured in the
Philippines. Unit costs for gate valves are based on the prices of
locally manufactured valves, However, studies indicate that the
prices of imported (U.S.) gate valves conforming to 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~ The unit prices include a locally
manufactured cast iron valve box and covers

B-38
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APPENDIX TABLE B-3a

ESTIMATED UNIT COSTS FOR PIPELINES IN PLACED
JULY 1976

Diameter Peso Component Poreign Exchange Component Total

(mm) (P/m) (8/m) (r/m)
100 94 307 120
150 140 SeT 180
200 190 10,0 260
250 330 14.3 430
300 400 21.4 550
400 530 357 780
450 640 6507 1,100
500 740 8040 1,300
600 900 900 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 2957 44590
1,500 2,890 337.0 59250

5The above unit costs are used in the alternative studies,



APPENDIX TABLE B-3b

ESTIMATED UNIT COSTS FOR PIFELINES IN PLACES

July 1976
Pipe :
Diameter Peso nent Foreign Component Total
fmm) (»/m ($/m) (2/m)
100 113 4e5 145
150 190 748 245
200 263 13,8 360
250 350 17.9 475
300 436 2344 600
350 429 4444 740
400 505 52,1 870
450 586 6046 1,010
500 650 67.1 1,120
600 802 7947 1,360
700 976 89,1 1,600
750 1,103 9244 1,750
800 1,160 97.1 1,840
900 1,336 112,0 2,120
1,000 1,468 123,1 2,330
1,050 "~ 14,575 132,1 2,500
1,100 1,657 13940 24630
1,200 1,757 16044 2,880
6'I'he above unit costs are used in the computation of capital
costBse

B=-10



APPENDIX TABLE B-4

ESTIMATED IN~PLACE COSTS| OF GATE
VALVES, BUTTERFLY VALVES

Inside In-Place Cost
Diameter (mm) Item P/unit
100 Gate Valve P 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 Buttexfly Valve 9,400
400 , Butterfly Valve 12,000
450 Butterfly Valve 16,300
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 locally manufactured items.

d) Butterfly valves are imported items,

B-1



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 valve are based on the assumption that these valves will be
importeds The unit in-place costs are given in Appendix Table B=i.

Miscellaneous Valves

Miscellaneous valves employed in waler 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 themselves, 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-pzss line of the same diameter
as the main line, The costs of surge relief valves include a shute
off valve (gate or butterfly) preceding the relief valve., All unit
costs include all fittings, connections, and miscellaneous materials,

Fire Hydrants

The unit in-place costs for fire hydrants assume the use of
dry barrel, compression type, traffic model hydrant with 24-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 liness 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



APFENDIX TABLE B-5

FIRE HYDRANTS
Sine : In Place Cost
(inlet connection) (®)
100 mm 7,900
150 mm 8,800

——-———————————————-.-.——_—————-—————-

APPENDIX TABLE B~b

ESTIMATED UNIT CONSTRUCTION COSTSIO moR
HOUSE SERVICE CONNECTIONS

PE Pipe GI Pipe
Diameter Service Connection Service Comnection
{in) (*) (P)
% 366 414
3 399 494
1 509 ' 606
14 706 - 855
1% 872 1,068
2 1,260 1,462

Ja) Costs are for July 1976.
b) Hydrants are locally manufactureds

a) Above costs are for July 1976,

b) Costs do not include ourb stop, ourb box and cover,
water meter, and surface or pavement replacement.

¢) All materials are locally manufactured,

B-13



are based on the assumption that all materials and components of the
service connection would be locally manufactured. The unit costs
also assume oconnection to asbestos cement water distribution mains
and include a servioe clamp in all cases.

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

B~14



APPENDIX C

CONSTRUCTION MATERIALS AND METHODS



APPENDIX C CONSTRUCTION METHODS AND MATERIALS

TABLE OF CONTENTS
Sub-Title

General

Factors Affecting Construoction

Construction Materials and Methods for
Waterworks Projects

Sand and Gravel

Cement

Reinforcing Steel

Concrete

Ashestos Cement Pipe

Cast Iron and Ductile Pipe

Steel Pipe

Prestressed Concrete Preasure Pipe

Plastic Pipe

Valves and Fire Hydrants

Water Service lLines

Water Meters

Construction Methods for Water System
Components

Deep Wells

Water Main Construction Procedures

Pipe Cleaning and Lining

Pipe Cleaning in the Philippines

Tunnel Construction Methods

Pumping Stations

Raw Water Pumping Stations

Water Storage Tanks

Water Treatment Plants



TENDLA
CONSTRUCTION MATERIALS AND METHODLS

,.-4

General

The construction of water supply system components such as

source of suppiy facilities, transmission mains, treatment and
Aiglribution cyeiem works regquires a wide range of construction
woceduwecos and syprcific materialg designed for each purpose,

anctyustiog may vary from the laying of small underground pipe-
ines to the construction of relatively large structures including
by conatruction of buildings. installation of complicated mecha—~
nical) and siectrical squipment, excavation of all types, constructe
ion below greund level, pavement removal and replacement, and a

host of other types of construction depending on the nature; magni-
tode and complexity of the waterworks project, This chaptexr des—
gribes c2riain materials and methods of importance in ohtaining

the olass of ornetruction needed to carry out the intent of preli-
minavy design. Conatruction musit te such that proper and economical
operztion is assured in order fo protect the large invesiment that
must h2 made to achieve the goal which is to make an adequate supply
of safe und potable water available to the people.

Pactora Affecting Consiruction

Factors affecting the facility and cost of construction of
waler gystem components include climate and weather conditions,
avallability of construction materials, availability of skilled
and common labor, apecial construction equipment requirements,
exiating develcepments, and soil conditions.

The climnte of the arsa will influence the construction
methodr tc be uvsed and the speed with which work can proceeds
For example, vrotracted periods of intense rainfall will cause
interruption and delay in construction work and may require
shoring or bracing trenches for water mains to prevent their
collapse and trench dewatering facilities, Adverse weather
condition: will also affect the logistics of construction as
the delivery and transportation of materials may be prevented
or delayed.

A signiticant climatic factor in many parts of the Philippines
is the frequency of tropical cyclones. An avorage of 19 tropical
cyclonas form in or enter the Philippine area of responsibility
annually, Some areas in the Philippines are more susceptible to
tropical cyclones than others. 4Aside from preveniing prosecution
of the vork, tropicel cyclones may also inflict significant damage
on work zlready completed or in progress.
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Other physical factors that oould greatly affect the comstruot-
ion of water system facllities, partiocularly water distribution main
construction procedures, are the width of streets; presence or ab-
sence of sidewalks, curbs, and guttera; traffic demsity; and other
exiating or proposed underground utilities,

Soil conditions are expected to vary for different aress and
from place to place in any given area. Pertinent se¢ill information
for the construction of the various components of the water system
improvements should be gathered and evaluated in order that any
gpecial oonstruction preblewr or requirement oan be properly deter=
minod and provided for. For example, seils with high sulfate ocon-
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 bte thoroughly checked that they can withe
stand the load, or the pipeline materials and joints should be
geleoted and designed with provision for any excessive settlement
that may ococur.

There is a large reservoir of labor and skills in the Philip-—
plnes 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 persomnel
and apecialists to supervise the work and installation, and to ing=- °
truot in the maintenance and operation of oomplica#ed items of machi-
nery and equipment,

In some large Philippine cities, there may be local construct-
ion contractors with the competence and resources to underiake all
or portion of a waterworks project. In the event that loocal ocongw
truction expertise and capability are not available or are defiolent
in some respeots, several Netronolitan Nanila -~ 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 acoomplish the work with human prwer but also for faster, more
efficient, more economical, and better quality of worke In general,
however, the use of equipment-intensive construction procedures for
watervorks improvements in the Philippines should be avoided if
possible. Common construction equipment such as trucks, oranes, etc.,
may be jvailable in some projeot areas. Government~owned construotion
equipmant for infrastructure projeots assigned to highway regional or
district offices may be available for use by private contractors on
a rental basis.



Existing and prepessd developments in a project area would nerw
mally oreate some problems with reapeot to the congtruction of wa-
ter supply facilities, For sconomy and ease in comstructien, the
implementation of waterworks projects must be planned with due
consideretion of other utilities and public workse construction

programs,

c1p sand Metheds fer Watexrsiorks Projects

In apny ecnstruction work,; wmaterials and precedures are twe of
the moet important items mecded for the succesaful yprosecution and
completion of the prejecto Many comstructien materials and prow
oednres are common to several types of nounstruoctione Others are
mere ppecialized in nature and apply enly to certain types of struoture
or worke In the following sections ere digoussed soms of the mas
terials and procedures that are normally needed and employed in the
censtruction of water supply systemss Information is presemnted on
materials that ge inte ocncrete work, various pips materials and
valves, fire hydrants, servioe lines, pumps, and water meters.
With the expanding activities and programs in water supply develop-
mert in the Philippines, the engineering and construction of large
oapacity water supply works, snoh &g transeission tumnels, water
mains, water treatment pienmisy pumping statiens, and storage re=
servoirs are expeoted to increasee Common practioces in the censtructe
ion of these faoilities are discussed briefly in this report.

Sapd apd Grevel

Sand and gravel may be needed in large quantities in a water
supply development project area for use as oonorete aggregatesn,
pipe bedding, road surfacing, etce Uhavailability ef thess materials
in the amounts needed within reascnable hauling distance te & pro=
ject area could add materially to the comstruction oostse In any
water supply feasibility study and constructicn program, investigatien
should be carried out te locaie svurcas of sand and grevel and dee
termine their suitability for the various works.

Cement

Comant is menufactured in large quantities in the Philippines
and in recent years has been one of its export produsts. Am ef
1974, there were 13 operaiting cement plants in the Philippines, 11
looated in ILuson, two in the Visavas, and five in Mindansc. The major—
ity of the existimg cement plants started original eperation or wnder-
went expension within the last decads, In addition, 24 oement pro-



jects woxe registered with tha Jecuritivs snd Evobauge Commission.
The operating plants have & total capacity of 173.4 million bage
of cement of 43 kg esach., Tolel productiocs in 1974 smounted to
about 85 million bags, or about 3.6 miilion metric tons, of which
approximately 2C per cent was exportcd,.

No serious or special problem is likely to arise with respent
to ocement requiremenis of any water supply rveject in the Philippines.

Reinforoing Stesl

For reinforcad conorete oconstruction, steel reinforcing bars
are fabricated by 27 stesl mills in the country, Reported producte
ion of reinforcing steal of the plants foxr 1574 amounted te 240,000
metric toms. Steel manufacturing normally conforms to ASTM standards.
Reinforcing tars in sizea from 6 To 2% ma are repdily available, For
the larger gizes, bars are available in plain and deformed sectionse

Conorete

From the foregoing, it can be comoluded that all the principal
materials needed for good quality concrete ocan be furnished from
local (Philippine) sources. The quality of concrete neede¢d for
the various components of the devalopment plan wil) have to be
determined during the final design stage of the project.

Asbestos Cement Pipe

Agsbestos cement pilpe was first made in Europe in 1913, and was
introduced in the United States in 1929. However, its extensive
use for water system piping in the Philippines started only in the
sarly sixties.

Asbestos cement pipe is manufaciured from simple ingredients:
asbestos fiber, silica sand, and oement, Asbestos fibers make up
the smallest percentage of the total voluse of pipe material ingre-
dients but their high teneile properties add significantly te the
overall pipe strength. The amount of cach element used waries but
is usually in the followlng rznges: asbestos, 15 to 20 per ocent,
silica, 32 to 34 per cent, and cement, 48 to 51 per cent. By virtue
of ita methods of manufacture, asbesios cement pipe is smooth on the
eutside, and due to the polished mandrel used in its formation, it
mcrmally has a very smeoth interior bore., Therefore no coatings of
any kind are used, Because of its chemical ocomposition, asbestos
cement pipe is not easily affected by corrosive waters; however,
it requires a special outaide coating for solls with high sulfate



content, With i%s smooth bore, it has a high "C" value at installa=
tion that can be expected to remain high throughout use. The low
content of uncomhbined calcium hydroxide ensures that the leaching
effects of soft waters will be at a minimums 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 whioch 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 pipese The pipe is produced by two manufacturers with factories
in Metropolitan Manila, and under the trade name Eternit and Italis,
respectively, Preasure pipe is readily available in sizes from 80 mm
to 600 mm for rated working pressures up to 130 mme. Pipes are general-
ly manufactured acoording to ISO R-160 specifications and supplied in
4-meter lengths. A significant feature of asbestos cement pipe manu-
factured under the ISO specifioations is that the required test pres-
sure is only twice the rated working pressurs,

Inquiries as to whether asbestos pipe conforming to AWWA stand-
ard C~400 can be manufactured by the local plants revealed that the
pipes can be manufactured but at higher costs than IS0 pipes because
of the siringent requirements of the AWWA standard. For example, the
AWWA standard requires a hydrostatic test pressure of 3% times the
rated working pressure.

The AWWA standard covers two types of asbestos cement pipes 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/br 80ils with sulfate content is expected
to ocour. The standard limits the unoombined calcium hydroxide (free
lime) for Type II pipe to one per cente 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 suite
able, For Type I pipe, there is no prescribed limit for uncombined
calcium hydroxide,

Loocally produced asbestos cement pipes are normally joined with
a coupling of the same composition and strength as the pipe and joints
are seale¢ with double "O" rubber rings. Mechanical joints (Gibault
joints) for joining asbestos cement pipes, or asbestos cement-to-cast
iron pipe are also produced locally.



In recent years a question has been raised with respect to the
possible health hazard that may be associated with drinking water
whioh has flowed through asbestos cement pipe. In an effort to
determine the scope of the problem, the A/C Mipe Producers Associa~
tion (U.S.) oontracted with the American Water Works Association
Research Foundation to study the problem of asbestos in water, speci-
fically with relation to the use of ashestos cement pipe. One con-
clusion of the recently completed study is that though asbestos in
water has become a potentially serious health hazard ths proper use
of asbestos cement pipe for water does not pose a hazard to health
by reason of ingestion of ashestos fibers, Highlights of the other
findings and conclusions of the study are:

(1) Asbestos can oause 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 oement
or other materials,

(3) Asbestos cement pipe systems have serviced large popula~-
tions for 40 or more years in Burope and the United States
with no apparent increase in peritoneal mesotheliomas among
"he publio 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 peses 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 of risk to
health from the use of such systems is small appreaching zero.

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 Duotile Iron Pipe

General, There are two types of cast iron available for
water systems: gray cast iron and duotile 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 charactiristics of long-life, toughness,
imperviousness, and ease of tapping, that are provided by the
chemioal ocomposition of the metal. Carrying capacity is ensured
by proper lining,

The preduction 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 molien iron is withdrawn
from the cupola to a ladle, small amounts of graphite and ferro-
silicon are added to adjust the carbon and silicon content; this ie
termed inoculation. The amounts of oarbon, siliocon, manganese, etc.,
although small, materially affect the stiucture of the iron. Each
of the chemicals added is contrplled in amounts to produce the
desired qualities in the castings.

In gray cast iron, the major part of the carbon content ocours
as free carbon or graphite in the form of flakes interspersed through-
out the metal. An appreoiable volume of graphite flakes makes gray
cast iron more resistant to ocorrosion 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 cocke

Cast Iron Pipe., Cast iron pipe has been used for water supply
systems in the Philippines for more than half a century. Prior to
the introduction of asbestos cement pipe, cast iron dominated the
market for water supply piping. Until loocally 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
Filipinc Pipe and Foundry Corporation and marketed under the trade
name "Silva Pipes". This company's plant is located in Mandeluyong,
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 Specification.
or AWWA Standards. The Silva plant also manufactures cast iron fit-
tinga, and Gibault joints for asbestos cement pipe to cast iron pipe.

Duotile Iron Pipe, Duotile iron pipe is stronger, tougher, and
more ductile than gray cast iron, Its characteristios are due to
the configuration of the free carbon or graphite in the iron. Duotile
iron is defined as cast iron with graphite in spheroidal (nodular) form,
It is produced by adding an inooculant, usually magnesium, to molten
iron.



Ductile iron is chemically akin to gray cast iron of low
phosphorous and low sulfur content, the latter obtained by desulfur—
izing in the ocupola. Magnesium can be added, after the removal of
sulfur, in a post-inoculation treatment, with a silicon-bave magne-
glum alloye.

Ductile iron pipe is centrifugally 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 mot manufactured in the Philippines,

Steel Pipe

Early use of steel pipe for carrying water was in large, long,
and exposed transmission linea in relatively dry areas where corro-
sion was not a problem, Other applications in other areas more
ocommon a8 ooal-tar ooatings became avallable. Steel pips is nsed
in the Fhilippines in many distribution and transmiesion lines as
well as in inplant systems. The American Water Works Asaociation
(AWWA) has presoribed standards for steel pipe for use in water
systems. The Local Water Utilities Administrationm (IWUA) of the
Philippines has adopted (U.S.) Federal Speoifiocations SS~P=385a
dated Jamuary 31, 1964 and Amendment 1 dated February 27, 1968,
with some modifications thereof, as its standards for steel pipe
and speclals.

As desoribed by AWWA Standards, there.ars two types of steel
water pipes fabricated, electrically welded steel pipe and mill-
type steel pipe. Both types may be coated and lined.

Fabricated eleotrically welded pipe may be produced by auto~
matioc welding machines or by manual operations, AWWA Standard
C201 gives detailed specifiocations for this type of pipes Mill-
type steel pipe may be furnace welded {continuous butt-selded or
furnace butt-welded), elecirically welded, or scamless, AWWA
Standard C202 sets forth the speoifications for mill-type steel
pipes. An AWWA committee has been working to combine the abowe
two stendards into a single standard,

Large and small diameter steel pipen are manufactured ia the
Philippines, The International Pipe Industries Corporation with
plant in Pasig, Rizal manufactures spiral welded pipe from 100 to
1,200 mm diameter. As of January 1975, this plant had a capacity
of 15,000 metric tons per year but was undergoing expansion to
double its present capacitye. Pipe can be manufactured and cement
1lined aocording to AWWA Standards €202 and €205, respectively.

c-~8



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 oylinder, 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 oore coat thickness speocifiocations.

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 oylinder, steel joint rings, a conorete core, high
tensile wire reinforcing and a cement-mortar or concrete coating.
Ralnging 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 unugually high pressure distribution
lines, AWWA Standard C301 covers this type of pipe.

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

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

Although prestressed conorete pipe is not yet manufactured and
used in the Philippinee, it is recommended that this type of pipe
where it is applicable, be considered in the final design of faciii—
ties, Unofficial information has revealed that two Philippine
companies are planning to put up factories to manufacture prestressed
conorete pressure pipes.

Plastic FPipe

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 produceds Later came cellulose acetate
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butyrate (CAB) and polyvinmyledine chloride (Saran). Volume producte
ion of pipe began in 1948, when polythylene (FE) was accepted for
various water uses,

Early production of plastic pipe was in sizes below 50 mm, and
most of the plastio pipe sold was for service lines and household
plumbing systems. 'As developments in the plastics industry progressed,
larger pipe sizes became available, and plastioc pipe is today used for
water distribution mains in many localities throughout the world, as
well as for services and in plant piping aysteus,

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: FVC, PE, and ABS (Aorylonitrile Butadiene Strynene). ABS has
been used primarily for drainage, waste, and vent (IWNV) 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 FVC when subjected to internal pressure, the latter
product is considered to be a better material for water lines,

Available U.S. standards for the manufacture of plastic pipe
for use in water eystems inolude ASTN, Department of Commerce,
Commercial Standards, and USASI Standards,

PUC 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 mm '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 PE,
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
ocan function without failure.

Classes of FE pipe available include Medium Density, Schedule
40; and High Density, Schedule 40, 80 and 120, Pipe sizes are from
10 to 40 mm, 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 oxperience 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 jointss One problem that has discouraged or deterred
some engineers to speocify PVC pipe is the non-standardization of
rittings and connections among local plastic pipe manufacturerse
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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 IWUA are PVC, PE, and PB
(Pblybutylene§ and tentative standards therefore have been adopted

by this organization. FPB pipe, however, is not ocurrently manufactured
in the Philippines,

VYalves and Fire Bydrants

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, anil a non-rising stem with or without
handwheel, or outside screw and yoke (0S & Y) type. Valves used
for small lines (100 mm to 300 mm) in distribution systems are
frequently furnished with an eperating 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 regquired 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.S, or Japan,
Valves up to 300 mm diamster conforming to AWWA requirements, how-
ever, can be manufactured in the Philippines,

Butterfly Valves. In recent years, butterfly valves have been
increasingly used for water systems. Advantages of this type of
valve are: driptight shut off, little maintenance, 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-seated valves from 100 to 1,800 mm diameter for pressures up
to 10 kg/cm?, and AWWA Standard €505 which covers metal segted valves
from 100 to 1,800 mm dianeter for pressures up to 15 kg/om®.

Butterfly valves are not currently manufactured in the Philip~
pines.

Air Valves. Air valves should be installed at high points in
transmission lines, tc 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 repairs It is usual to install air valves of the
automatic type which cpen tc 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 provieion for conveying the water and
sediments "blow-off" to a suitable point of discharge.

Miscellaneous Valves, Miscellansous and special valves for
water systems include check valves to permit only ome direotion
flow of the water, surge relief valves for surge and water hammer
protection, 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 Hydrantse Fire hydrants that are in common use in Philip-
pine towns and citles 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 90° elbow; and a 60 mm fire hose valve, A shut-off
valve is generally installed between the hydrant and the water main
to whioh it is connecteds 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 oommunities. This hydrant is a dry
barrel type, with compression type main valve, 100 mm or 150 mm
inlet connection, and one or two 60 mm hose outlets and one 115 mm
pumper oonnection,

The first type of hydrant has a disadvantage in that unless
sufficient pressure in the main for the fire flow can be provided,
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-
misess The water serviuve comnection 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 espected to be larger than 50 mm in diameter, tees,
wyes or special branches are installed, along with the water main
construction. Ordinarily, water service to the customer's premises
is turned on or off at a ocurb stop, accessible through a curb box.
Various pipe materials have been and can be used for the service



lines, Nou-flexible materials require a flexible "gooseneck"
connection to the corporation cocke GCooseneck 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 so0il 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 tuhes, orifice plates or other types of
metering devices. Because such metering devices are not currently
manufactured in the Philippines, these items will have to be im-
ported.

Every service connection to & distribution system should be
equipped with a meter to reduce wastage and to obtain the proper
billinge Small-size turbine type water meters are manufactured
by the Liberty Manufacturing Corporation in the Philippines, An-
other local company, Domingo S. Jose, Ince, is in the prooess of
putting up a factory to manufacture various sizes of meters under
the trade name "KIMMON" under license by the Kimmon Manufacturing
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,

Construotion Methods For Water System Components

In the preceding sectione, 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 reservoirs.
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Deep Wells

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 humdred 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 perw
cussion (or cable tool) or rotary method. Specifications uvsually
call for the contractor to submit a well loge In unconsolidated
formations, 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
beoause of its high cost. Openings from the aquifer(s) to the
well are provided by perforations in the casinge The perforations
can be made in the fields Gravel packing around well soreens or
perforations is very rarely practiced,

After the installation of the well casing, the well is deve~
lopeds 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 come
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 aliguments which
are subject to traffic loads is 90 cms For the areas with no traffic
loads a minimum cover of 60 cm may be useds Trenches may be dug
manually or with excavation machinery.

Trenches are excavated as shallow as possible but still provide

enough depth for surface loadinge. Deep trenches are avoided since
they usually require shoring and bracing and, therefore, are costly,
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. Irench Widths. Sufficient trench widths are provided to permit
installation of the pipe, wivh 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 Naximum
100 45 70
150 or 200 50 80
250 or 300 60 90
350 or 400 75 100

For cast iror 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, 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
def'leotion 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 normale.

Excavation. Whether excavation is done manually or by machine,
the excavated material is piled on one side of the trench at a dige
tance away from the trench sufficient to prevent excavated material
from rolling back into the trench and also to provide room for
walking along the trenche 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-im depends on soil conditions and trench depthse
They are installed where required not only to prevent delay in pipe
laying but also to protect the workmen and the publioc.
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Pipe Bedding, All types of pipe are bedded or supported properly
at the trench bottome. Pipe is laid directly on the trench bottom if
the bottom has been levelled properly. 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 woids or high
spots under the pipe., High spots are shaved off, and 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 grode 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 ths trench to permit proper
jointing of the pipe with the type of joint employed. For asbestoa-
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,

Stri ing anc Jointing Pipe. To avoid unnecessarily
handling, pipes and fittings and other ancessories are placed as
near as possible to their final location in the line, with due
regard to safety requirementse Pipes are placed as close to the
trench line as possible and on the side opposite where the excavated
material is to be pileds Asbestos cement pipe is usually not strung
in advance of laying and jointing operations but is delivered from
storage to trench as necded,

The procedure for laying pipe and making up pipe jointe varies
with the type of pipe material and type of joint. For asbestos
cement pipe, general procedures are given in AWWA Standard €60,
which are followed in the Fhilip-ines., The laying and jointing of
cast iron and steel pipes conform with applicable portions of AWWA
Standard €600, C603 and C206, Federal Specifications and in accord-
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
installede Furthermore, to have trouble-free ser'rice from a pipe=
line the resident inspector insists on strict compliance with the
specifications and construction drawings.
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leakage and Presgsure Tests., All pipelines are subjected to
leakage and hydrostatic testss BSuch tests are usually done after
the trench has been partially backfilleds 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 sWWA 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 completing the backfill after the tests,
Select backfill material is placed at both sides of the trench
uniformly for the full trench width up to the horizontal centerline
of the pipes 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 indicated above and then a cushion
of backfill material, hand-placed and tamped, is added to cover the
pipe to a depth of 30 cm.

Where visual inapection 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 witk 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 tampede This baokfill
should be good soil free from rocks, debris, clods and other un-
suitable materials.

Diginfectiones All newly installed or repaeired water mains are
cleaned and disinfected before they are accepted and placed into
services The main is first flushed clean of foreign matter at a
scouring velocity of at least 0.75 m/sece 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 sections 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/1 at the end of the line after the contact periods If shorter
contact periods are used, the chlorine concentration is increased to

50 or 100 mg/1.
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Water Service Connections, Components of a customer's service
connection include a connection to the main (corporation cock), curb
stop or turn—-off valve and box, and the line itself, The service
connection may be installed when the water mains are laide Installae
tion operations coneist 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 replaced
after the installation is completed.

Methods for tapping service lines to mains wary 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 inserte
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 devioe. This operation is known as a wet tap.

If the pipe wall is too thin for direct tapping or will not
provide the required number of full threads, service clamps are
useds In such cases, drilling is done through a corporation cock
that has been sorewed 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 connectica
of the line to the corporation cock and sometimes to the shut-off
valve or meter in the customer's premises. Where water meters axe
-Bet 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 pressure.

Backfilling of trenches may bhe done manually or by machine,
In either case, 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 Cleaning and Lining

Generale Although pipe cleaning and lining per se may not be
considered part of conatruction but rather of maintenance and rehaw
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 corresion deposits
and slimes from the inside of pipelines. The primary objective of
pipe cleaning is to increase the carrying capacity of a pipeline,
which has diminished because of deterioration effects and, if
possible, restore the carrying ocapacity of the pipe close to its
original capacitye

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 capacitye.

Cleanings Three basic techniques are used for in-place pipe-
line cleaning, These are (1) drag, (2) hydraulic, and (3) mecha~
nicale The choice of methods depends on the pipe diameter, water
volume and pressure available, length of pipe to be cleaned, amount
of enarustation or sediment, ease of access, distance hetween access
points, provisions for disposal of wastewater from cleaning operas
tions, and other local conditions.

1. Drag Cleaning. Drag cleaning is usually limited to pipe
diameters of 100 t¢ 600 mme The cleaning equipment is pulled
by a power winch through a line that has been removed from
services The method utilizes a spring-steel cleaning tool
that is composed of a series of scrapers, followed by an
agsembly of tight-fiiting squeegees. As the tool moves
through the line, accumulated deposits are loosened by the
scrapers, and then mechanically removed by the squeegeese.
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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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 pressures The volume
of water available and the required press..s depend on
pipe size, The greater the volume of water available, the
lower the pressure required. ’

The tool used in the hydraulic cleaning process consists
of spring scrapers so arranged that part of the water pushing
the tool is released through it to flush the scrapings and
debris ahead of ite 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 tiic cun,
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 dige
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,

Mechanical Cleaning, In pipelines greater than 660 mm in
diameter, hydraulic cleaning becomes less practical, and
mechanical cleaning is usede HMechanical cleaning is
accomplished by an electrically-driven snd manually-
operated machine with rotating soraping blades which re=
move tuberculation, 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: Elg centrifugal method, (2) rein=

forced centrifugal method, and

1.

3) mandrel process,

Centrifugal Processe After the pipe has been cleaned,
access openings are cut every 150 to 200 m (less in small
pipes where bends occur)s. 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 includes
a variable speed winch for pulling the lining machire 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 timej and a feeder to pump the mortar to the
lining machine,

The lining material is usually a 1:2 portland cemente
mortar, and the volume of mortar applied to the wall is
controlled by the travel speed of the machines A lining
thickness of 5 to 20 mm is common on cast iron pipelines,
but it may be as little as 3 mms The thinner the lining,
the smaller the reduction of the original cross-sectional
area of the pipees Thin coatings may be sufficient in
smaller pipelines, The thickmess 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
rz.~tar is thrown into lateral openings, and any obstruction
4t the corporation cook is removed by blowing out the ser-
vice line before the mortar sets completelye

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

The coat 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, bends,
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 traffio
problems., The greater the length that can be lined at one
time, the greater the production rate and the lower the
cont.

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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Reinforced Lininge 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 placeds (The rod spacing depends
on pipe size and strength requirements of the equivalent
steel areas 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
pPlace 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,

The Tate Process. The mandrel process, commonly known as
the Tate process after its Australian inventor, cleane 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 minimume. Only two major
digging operations take place at both ends of a 90 m section
of main, and only small openings are required to discomnect
and temporarily bypass service connections, The exact loca~
tion of each service comneotion is obtained by electrifying
the household system and sweeping the "live" area with a
detector which tells the operator through headphones where
the connection is locateds 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 dugand a 1 m
length of main is cut and removeds Flexible steel rods to
which a wire rope is attached are pushed through the main
from one end and drawn out from the other. An asgembly of
coil scrapers and steel brushes to scour the pipe, and
rubber force ocups to clean and dry it, i3 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 o° 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 thiak 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 Cleaning 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 (MISS) has included these activities as part of its
improvement program. A New Zealand-based company which can under—
take these types of work ie 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 tunmelling. Conventional tunnelling in
rock formation involves the cyoliocal 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 iy sometimes desirable to defer the installation of the
secondary lining until driving operations have been completed or are
remote from the lining operationse.

In the machine tunnelling method, a tunnel excavating machine
would be employed at one tunnel face simultaneously with conventional
tunnelling at the other face, There are many variations of mechanical
rock excavators; most adopt the same principle in which the machine
bores a pilot hole into which an erpanding "packer" is placed to
form an anchor by which the machine pulls itself forward, enabling
a larger rotating cutter head to bore the tumnel, 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 rock faces
as the cutter head revolves, Cutters must be replaced frequently
depending on the hardness of the rock being excavated. Tunnel
excavations are normally electrically powered. Excavated material
ie 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
tunnelling would 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 bhe classified into
raw water pumping stations, deep well pumping stations, and booster
pumping stations. The latter may he installed as part of a treat-
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 emergy
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 costse 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 seourity from theft,
tampering, etc. Each station is provided with the necessary suotion
and discharge piping and valving, controls, and a metering system
with suitable indicating, 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 installations, 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 ocast iron
pipes, wherever possible.

Deep Jell 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 congists of impellers in series
installed below the minimum expected water level durinz pumping.
Fach 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 weil pump is usually equipped with an
eleciric motor drive, In this type the motor is installed in the
well itself.

Booster Pumping Stations. The most widely used type of pump
for booster pumpings stations, whether in a treatment planit or in
a distribution system, is the centrifugal pumps. 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, Advaniages 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
motors 1s still in its infancy, For most waterworks projects,
it ie anticipated that pumping units will be imported items. If
and when FPhilippine-manufactured equipment with the capability,
eft'iciency, and quality desired become available in the future,
local product should be considered in the final design and conse
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 stations are similer in
many respects to booster pumping stations but may include some
features and facilities no! normally needed in booster stations
such as intake screens, protection against flood waters, etc.

Water Storage Tanks

In the Philippines, water storage tanke, 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
used in the Philippines.s The relative economics hetween 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 more economical than steel tanks unless
steel plates and other foreign-made components can be imported tax=
free. In smaller sizes, the construction costs of steel tanks are
comparable to that of reinforced concrete. However, maintenance
coats of steel tanks are gsnerally higher. This factor can make
the total annual costs of steel tanks greater than those of rein=
forced concrete tankse

C-25



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 treate
ment to upgrade its quality if it does not meot prescribed or desir-
able standards, As a general rule, all water from surface sources
such as rivers, streams and lakes should as a minimun 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 wi>l require the
building of several components utilizing & multitude of skilled
tradesmen versed in certain specific fields., The major constructe
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 conse
truction,

(2) Mechanical work consisting of installing pumps, motors,
treatment plant equipment such as mechanical feeders,
sludge collectors, emergency gererators, 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 communications 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 constructicn supervision, all these construction

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

Spring Intake Structure

All spring intake structures shall be comstructed of re-
inforced concrete. The intake structure shall be of a size 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 accees manhole(s) and other
necessary appurtenances and site works. The intake facility shall
also include a weir or other suitable device for flow measurements;
gseocurity fencing; chlorination facilities (if neocessary); general
site improvement including drainage facilities for possible surfaoce
runoff; and ‘an all-weather access road. Reinforoed concrete ocons=
truction, piping, fittings, valves, and all other materials and
attendant work shall conform to LWUA Siandards. (The water dis-
trict shall acquire ownership of the intake structure site.)

Hydravlic Control Structure

Hydraalio pressure oontrol structures on transmission lines
for dissipating excess energy shall be impact type in which pressure
dissipation is accomplished by the impaot 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. Thg
hydraulic control chamber shall be constructed of reinforoed con-
crete and shall be covered. It shall be desigmed such that it can
handle the design meximum flow. The chamber shall be provided with
the necsssary piping, overflows, and other protective devioes. Tha
work shall include general site improvement and security femcing,
if necessary. (Ownership of the land on which the control chamber
will be built shall be acquired by the distriot.)

Dams_and Appurtenances

The construction of dams and appurtenances shall be performed
by firms and personnel experienced in this line of worke T')» Conw
tractor shall furnish plant and equipment whioh 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,

The dan construction will include the main dam struoture, upsiream
and downstream cofferdams, tunnels, divergion channels and spillwaye



The zoned embankment dam will consist of a vertical core
protected by filter and transition zones, and rolled rock-frill
shells, The upstream face of the dam is protected by riprap
against wave action,

Naterials for the dama shall be as designed and specified
and shall be obtained from designated borrow areas, excavatiens,
or manufactured from rock obtained in required excavations.

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

the m.

The diveraion tunnel shall be conorete lined, The portal
structure will be provided with a slot for installation of stop
logs for closure of the tunnel. The apillway will ocnsist of an
ungated overflow concrete structure and a conorete lined caute,

The raw water intake will be multi-ported and shall be cons—
tructed of reinforced concrete,

Diversion Dams

The oconstruction of the diversion dam shall be performed by
firms and personnel experienced in this line of work. The Con-
iractor shall exercise care to preserve the natural landscape
and shall conduct his construction so as to prevent any unneces=
sary destruction, scarring, or defac?’ve of the natural surround=-
ings in the vioinity of work,

The Contractor shall comstruci - i i.aintain all necessary
cofferdams, channels, flumes, drairs, sumps, aad/or other tempo-
rary diversion and protective works; shall furnish all materials
required therefors; and shall furnish, install, maintain, and
eperate all necessary pumping and other equipment for removal of
water from the various parts of the work free from water,

A1l concrete work shall be in accordance with IWUA standard
specifications and cupplementary specifications,

dccess and Service Roads

The construotion of access ané service roads to water supply
facilities shall include all necessary olea ing and gruhbing, ex=
cavation, £i11 and backfill, roadbed preparatiom, 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 th: construction of new access
and service roads.

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

Water Transmission Pipelines

Raw and treated water iransmission pipelines may be constructe
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 tranemission lines shall be equipped with all necessary valves
and appurtenances such as shut-off and sectioning valves, air/
vacmm and air release valves, blow-offs, inspeotion manholes, ex~
pansion joints, flexible couplings, anchorages, thrust blocking,
and surge arresters.

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

Duotile iron pipe shall be manufactured in accordance with AWWA
C151 'Duotile Iron Pipe, Centrifugally Cast in Metal Molds or Sand-
Lined Molds". Pittings shall be either cast iron or ductile iron
conforming to AWWA C110 "Gray Iron and Ductile Iron Fittings, 2 in
through 48 in ". All pipe and fittings shall have a oement mortar
lining and bituminous seal coat on the inside in aocordance with
AWWA Cl04 "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 Type, Prestressed®,
Fittings shall conform to the specifications for cast iron, duotile
iron, or steel pipe.

In general, all piping shall be designed for a m_nimum working
pressure of 10,5 kg/sqom (150 psi). The preasure class of fitiings,
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couplings, special castings, and valves shall be at laast equal to
the pressure class of the pipe tn he 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 valvea, deperding on the size and other factors. A suf-
ficient number of air valves shall be provided to insure full
protection of the pipeline,

A1l pipeline installation shall be in striot conformance with
applicable AWWA a.nd/or LWUA Standards and with the respective
manufacturer’s instructions and recommendations.

Kater Treatuszt Plant

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

Chemioal mixing chambers, flocculation and sedimentat.on tanks,
filter boxes and treated water storage tanks shall be construocted
of reinforoed concrete.

Filter materials shall consist of filter sand and anthraoite
conforming with specified requirements with respect to composition
and grading. For each filter unit there shall bs installed the
nsoessary oonirol valves, rate of flow controller, loss of head
gage, flow meter and recorder, .

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

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

Piling (if required), structural steel, architectural works,
instruxentatior and electriocal works, mechanioal equipment, and all
other items not covered by LWUA Standards shall be oonstruoted as

speoified.
Administration Building
The oonstruction of administration buildings shall be of the

materials and workmanship called for in the drawings and specifice-
tious. ‘The administration building will generally oonsist mainly
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of offioces but may include a water analysis laboratory, meter teating
and repair shop, general work shop, and storage facilities. Itenms

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; architeotural and other special finishes;painting work,
landscaping and general site improvement work. Applicable LWUA
Standard Specifications shall be employed in the oconstruction work.

Well Construction

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

Te well shall be drilled using the ocable tool (Percussion)
and/or rotary process, or other process acceptable to and approved
by th» Engineer. Well casing and/or conduotor pipe shall be of the
iiameter=, materials and class specified, or better.

For gravel packed wells only clean, washed gravel composed of
well rounded particles and of specified grading shall be useds The
procedure to be employsd shall be as approved by the Engineer.

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

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

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



After completion of all comstruction, 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
reastored to a condition as nearly as possible to that which exist-
ed before tae well construction work, unless otherwise specified.

Flow Meters (Ha.inlino letersz

Flow meters for mainlines shall be differential pressure
type, propeller meters, or other suitable and acoeptable devices.
Differential pressure type meters may be venturi tubes, Dall flow
tubes, orifioces or noszles. The flow meter shall include suit-
able instrumentation for remote indicating, recording and totalling,
Flow meter and accessories shall be products of reputable manufao-
turers that have manufactured such 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
8° - 10'. The tube shall have a body of high tensile gray iron or
close grain, high tensile iron. Both inlet and throat shall have
integrally cast annular pressure chambers with multiple even spaoced
vents communicating with the interior of the meter tube,

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

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

Deep Well Turbine Pump

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



oconditions will be specified for each partioular installation. Pump
shall conform to ANSI B58,1 ~ 1971 (AWWA E101 - 71) "American National
Standard for Deep Well Vertical Turbine Pumps - Line Shaft ard Submere
gible Types", Diesel engine and accessories shall conform to ‘he speciw
fications for diesel engine, except as modified herein,

For motor-driven pump, the motor shall bs full voltage start-
ing where the electiric power system capacity and regulations permit;
otherwise the motsr shall be star-delta starting. The motor shall
be vertical hollow=—shaft squirrel cage induotion type complying with
ANSI 05042, The motor shall be of ample size to drive the pump oon-
$inuously over the specified range at the ambient temperature without
the load exceeding the service factor. Notor operating characteris-
tios (voltage, phase, frequency, speed) and control and protective
devices shall be as specified. A suitable hase of high grade oast
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, suction pipe and strainer shall conform to ANSI

35801 - 19710

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 goge reading in meters
and comnnections for air pump.

The pump and prime movers shall be products of reputable manu-
facturers which have been regularly engaged in the mamufacture of
these equipment for the last five years. The manufaoturer shall, 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 installa~
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

Submersible deep well pump shall conform to ANSI B58e1 = 1971
(AWWA E101 - T1) "American National Standard for Deep Well Vertioal
Turbine Pumps - Line Shaft and Submersible Types". Operating condi-
tions and requirements will be specified for each particular installa=

tion.



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

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

The pump and accessories shall be products of reputable manufacw
turers which have been regularly engaged in the manufacture of thewme
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 manufaoturer or supplier shall fure
nish the services of competent personnel to check the installation and
testing of the equipment, Spare parts, as specified, and operation
and maintenance manuals shall be be furnished.

Diesel Engine

The engine shall be of the vertical in~line, or V-types multi-
oylinder, 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 picton 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-
pover required to operate the drivea equipment at its specified full
rated loade The engine rating shall be adjusted for operation at
specified conditions of elevation and ambiemt temperature,

The unit shall be furnished for battery starting. Starting shall
be 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 speoified, Accessories to be furnished include starting bat-
tery, autematic battery charger, manufacturer's standard spare parts,
detailed operating and maintenance manuals and parts lists, complete
ret of gaskets and spare set of matched V-belts, and one spare set of
fuel injeators, »
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Diesel CGenerator 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-
jon to the diesel engine and shall be for the specified phase, fre-
quency, and voltage. Tropical imsulation with fungus protection
shall be provided. Each unit shall be properly screened io prevent
the entrance of rodents. The complete generator unit shall be free
from oritical speeds and torsion.l vibration that will endanger its
gatisfaotory 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 unite. It shall have at least the
following instrumentation and equipment: AC voltmeter, AC ammeter,
frequency meter, indicating KW meter, combination ammetep-voltmeter
phase selector switch, 3 pole line circuit breaker of suitable amperw
age, and elapsed running time metere

Chlorination System

C:lorine gas, in 150-1b cylinder or ton containers, whichever
is mcst suitable for the particular installation, shall be employed
in a.l chlorination stations. (Hypochlorite solutions are an accept=
able substitute.) Chlorine solution shall be added to the water to
be treated through chlerination equipment and accessories specifically
designed and suited for the purpose.

Cbiorinators 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 150-1b cylinder or ton
container, wall — or floor-mounted units. Models of & design that
permit enlarging the capacity by replacement of i ema¢ vl v
the flow meter will be preferred to those with fixed maximum orpa~-
oity. The chlorinators shall alsoc b¢ of » 2eigm that will permit
either manual or automatic operation, the latter with the wue of
auxiliary equipment. At least two units shall be provided and in~
stalled, one serving as stand-by. The oompleted installation shall
include all necessary piping, valves, controls and sovessories in.
cluding chlorine scales, gas masks, and gas leak detection and alarm
systemu,

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 ao~
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 equipmeni are
installed in proper alignmwent and level. This applies to, but is
not limited to, pumpe, drive units, gears, sluioe gates, mechanical,
electrical, instrumentation and communications equipment, and their
appurtenances. FEquipment contractors will be required to supply
the necessary anchor bolts, drawings and tamplates of anchor bolts.

The goueral and equipment contractors shall be responsible for
the equipment they supply. They shall use only oompetent personnel
and appropriate equipment necessary to properly aligm, 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 manufacturera. 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
ghall be furrished as required.

The Contractor shall submit a certificate from the mamufacturer
stating that the installation of the equipment is satisfactory, that
the unit is ready for operation and that the operating personnel
have been sufficiently and thoroughly instruoted in the proper opera~
tion, lubrication and care of the unit,.
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Installation of deep-wwll vertical turbine pumps ie particularly
critical if long service-free life ts to be exrectad. Installution
should only be done by experienced psrsomnel following specifications
of ANSI BSB.! - i371 {A¥HA E101 - ?1) and paying particular attention
to mtraightness of line shafts and proper aligrment of all parise

Booster Pump Stations

Booster pwnp statious shall bs designed and conatruoted to
comply with establishad criteria and standards of the LWUA as well
ac other requirements peculiar to each sito. Booster pump facilities
will generally conzici of pumphouse, pumyp vnits, suction and discharge
piping, control valves, gauges, flow meter and racorder, contrcl and
protective equipment, site woerks and security fenoing.

Pump units shall be ceairifugal, turbine, or submersible type.
Centrifugal and turbine type pumps shall be either eiactric motor or
diesel engine driven. Sulwmersible toostsr pusps shall be motor dri..
ven. Each pump shall have optimum efficiency at the specificd duty
point. Motors for eleciriocally driven pumos ghall W of adequate
Lorsepower for the full operating range 7 the pump.

Storage Tanks

Elevated and ground storage tans shall be gererally conatruoted
of reinforoed concrete. For small capacity elevated tanks, steel
tanks on steel towsrs may prove to be more economioal and should be
given consideration in the final design phase. Ground tanks may bhe
circular, rectangular or other shape acceptable tc anl approved by
the Owner. Tanks shall be designed in accordance with applicable
national and local structural and sanitary codes. It shall be siruc—
turally sound with ample provisions for wind and/or seismic stresseas.
Conorete and reinforced concrete work including waterproofing, dig-
infection, painting, and all other incidental work shall be in strict
compliance with LWUA Standard Speoifications and Supp.ismentary Spsci—
fications. All tanks intended for storing potable water shall be
covered and watertight. ror both elevated and ground tanks, avail-
able LWUA standard tanks shall Le used tc the fullest extent poasidle,
Necessary piping, valves and acoessories for operation, maintenance
and safety shall be provided. Piping shall include inlet-outlet,
overflow, drain, end vent. Shut—off valves, chsok valves, automatilo
flow control valves, water level indicators and instrumentation,
shall be provided as required.



Disiritution System Piping and Components

Gararal requirements with respeot to materials, installation
and u.ler appurtenant work for water transmission pipelines are
applicable to distribution system pipelines. Other distribution
sycidi <anponents, inciuding fire hydrants, service counections
and customer water meters, shall be installed according to IWUA
standard details and standard specifications.

Pipe Cleaning and Lining

Fipe cleaning and lining shall include all materials, laber,
equipment and all incidental work necessary to clean and line the
interior of pipelines in-aitu and restore the pipelines in ser-
vice. The work shall be performed by trained worlkmen under the
supervision of personnel experienced and competent in this parti-
oulo~ liae of works

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

All work shall be performed in accordance with AWWA Standard
C602-5T, except as may be modified in the specifications. The work
shall include all exoavation and backfill; installation and removal
of temporary by-pass pipes, service comnections, plugs, closure
piecos; making and closing required acoess openings; surfaoce res-— -
toration; clean-up and disposal of debris and other waste materials.

D-12



APPENDIX TO CHAPTER IV



TABLE IV-E-1

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

INFUT AND OUTPUT IN LPS
NO OF NODES 63
NO OF PIPES 92
MAX NO OF ITERATIONS 20
PEAKING FACTOR - 1,00000
ALLOW P~DROP FR/STATIC -~ PCT 50,0
STATIC HGL FOR P-DROP CALC 6243
MAX UNBAL - LPS 0,10000
MAX ALLOW VEL - KPS 3,000
MIN ALLOW VEL - MPS 0.400
MAX ALLOW HL - MT/1000 MT 10,00
MIN ALLOW HL = MT/1000 MT 050
MAX ALLOW PRESS - ATM 7000
MIN ALLOW FRESS - ATM 0,700
NO OF HEADS TO BE READ 2
NO OF UNKNOWN CONSUMPTIONS 2
SUM OF FIXED DEMANDS 36,52
BANDWIDTH 10
ITER 1 UNBAL 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 ITHERATIONS
0.,0786 IMBALANCE
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PIPE
NO

OO ANHW N =

NODES  DIA
FROM-TO MM

2 1 102
2 3 152
3 4 152
7 6 102
8 7 102
9 5 102
9 8 102
7 10 38
8 10 102
11 10 38
13 9 152
15 2 152
16 17 152
15 16 102
14 15 102
13 14 102
12 13 102
12 65 102
65 11 76
11 23 38
22 12 102
20 13 152
19 14 102
18 15 102
19 18 102
20 19 102
21 20 102
21 22 102
35 23 38
25 22 102
26 21 102
27 20 152
29 19 102
28 18 102
26 27 102
25 26 102
24 25 102
33 24 102
32 25 102
31 26 102
30 27 152
29 28 102
31 30 152
31 32 152
32 33 152
33 34 152
34 35 102
35 36 102
37 34 102
38 33 102

L
MTRS

100,
90,
190,
194.
120.
212,
90,
200,
248,
234.
240,
366.
4654
80.
110,
163,
94
190.
114.
55
45.
50.
55.
5%.
110,
160,
546
26.
220,
100,
100,
100,
150,
150,
S54e
47,
55.
50,
50.
50.
50,
110,
54.
47,
564
105,
20,
520,
50.
50.

TABLE IV-E-2

H-W
C

100
100
100
100
100
100
100

80
100

80
100
100
100
100
100
100
100
100

80

80
100
100
100
100
100
100
100
100

20
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

100

PIPE DATA
K-VALUE FLOW - -~ VEL--

06 399%-01
00 498E-02
0. 105E=01
0.774E-01
0.479E-01
0.845E~01
O 3591E=01
0.143E 02
0.989E-01
0.167E 02
0¢133E-01
0.203E~01
04257E~01
0.319E-01
0.439E-01
0. 650E=01
0¢375E=01
0.758E=01
0.279E 00
0¢394E 01
0.179E-01
0.277E-02
04219E-01
0.219E-01
0.439E=01
0.638E-01
0.215E-01
0.183E~01
0.127E 02
0.399E~01
04399E-01
0.554E~02
0.598E-01
0.598E-01
0,215BE~01
04187801
0.219¥-01
0. 199E~01
0+199E-01
0.199E~01
0.277E~02
0.439E~01
0.299E~02
0. 260E-02
0. 310E-02
0.581E-02
0+ T98E~02
0.207E 00
0,199E-01
0«199E-01

IV-E=2

0.74
135
0.63
0.42
0.94
2671
0.08
1,41
0,10
4665
3.29
2,61
4.94
4.07
2454
1,08
1l.43
1,01
G.19
2.76
6465
2404
5¢15
236
2462
1.84
0,40
0.25
2.55
2¢43
8,02
2445
3e22

- 0:74

0.90
1.36
1,70
2,28
2448
Te64
0.38
0400
0.03
0.25
0.97
3e42
177
2.68
2.62

MPS- ~ CK

0,09 1O
0.07 10
0,03 1O
0.05 Lo
0.11 10
0.12 Lo
0.33 1O
0.07 10
0.17 1O
0.09 1O
0.26 10
0.18 1O
0.14 L0
0.61

0450

0031 LO
0013 1O
0.17 1O
0.22 1O
0,16 L0
0.34 10
0.38 10
0.25 10
0.63

0.29 1O
0.32 10
0.23 1O
0.05 10
0.22 10

0,30 LO
0.44

0.30 LO
0.39 1O
0.09 1O
C.11
0.17
0.21
0.28
0.30
0.42
0.05
0.00
0,00
0.01
0.05
0.42
0.22
0.33
0.32

5585 B5E8EBE 55555

555858

&85

56888

- = HEADLOSS ~~ =
MT MT/1000 CK
0s02 0,23
0,01 0,10
0,00 0,02
0,02 0,08
0.04  0.35
0.08 0,38
0:23 2,53
0.14  0.72
0,19  0.75
0s25 1409
0.23 0495
0.18 0,50
0.15  0.33
0s62  7.69
059 536
0.36 2,24
0,04  0.46
0.15  0.77
0,28 2,50
0.18  3.21
0,12 2,62
0,10  1.95
0,08  1.49
0e46 8431
0,22 1.96
0.38  2.38
0,07 1,23
0,00 0,07
0.96 4436
0,23 2,26
0.21 2,07
0.26 2461
0.31  2.09
0e52 3448
0,01  0.23
0,02 0,33
0,04 0,70
0,05  1.06
0,09  1.84
0.11 2,14
0.12 2,39
0,01 0,07
0,00 0,00
0,00 0,00
0,00 0,00
0,01 0,05
0.08 3.89
0,60 1,15
0.12  2.48
,0.12 2,37



PIFE
NO

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
13
74
75
76
77
78
19
80
81

NODES  DIA
FROM-TO MM
39 32 102
40 31 102
41 30 152
41 40 102
40 39 102
39 38 102
38 37 102
48 37 102
47 38 102
46 39 102
45 40 102
4 41 152
43 29 102
42 28 102
43 42 102
44 43 102
4 45 102
46 45 102
41 46 102
47 48 102
49 48 102
50 47 102
51 46 102
52 44 152
53 43 102
54 42 102
53 54 102
52 53 102
52 51 102
51 50 102
50 49 102
60 49 102
58 51 102
51 52 152
56 53 102
55 54 102
56 55 38
57 56 102
51 58 102
59 57 152
61 60 102
64 61 152

L
MTRS

50.
50,
504
54.
47.
51.
95.
52,
55
55
55
55
105.
105.
110,
150.
544
47.
58.
85.
160,
156.
158,
160.
164.
170,
110,
155.
1C0.
55
55
350,
110,
110,
110,
110.
108,
160,
100,
60.
1100,
1100,

TABLE IV--E~2 (Continued)

H-W
C

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

90
100
100
100
100
100

PIPE DATA

K«VALUE

0. 199E~01
0. 199E~01
0 27TE~02
0.215E-01
06 187E-01
04 227E~01
04379E=01
04 207E=01
0O« 219E~01
06 219E~01
06219E-01
0e 304E~02
0.419E-01
0e419E-01
0+439E-01
0.598E-01
0e215E~01
06 187E-01
04231E-01
0,339E-01
00 638E~01
00 622E~01
0« 630E-01
0.8862-02
0+ 654E-01
0o 678E-01
0.439E-01
0. 618E~01
0+ 399E-01
0, 219E-01
0.219E-01
0« 140E 00
0+439E~-01
0+ 609E-02

0.439E-01

0.439E-01
0.622% 01
0. 638E=~01
0.399E~01
04332502
0.439E 00
0. 6091~01

TV-E~3

FLOW « = VEL ~~

2462
2,63
7.88
0453
0.21
0.15
0.03
279
270
2469
2446
8468
3.70
3.41
1.32
2424
1.70
1,04
0.11
0.00
3.15
3.19
391
13,19
3469
2,68
3.24
3.37
2,98
375
0.18
3.76
2e23
20,38
4449
0.04
0.40
5.43
562
32,08
4.45
4445

MPSe= - CK

0.32
0632
043
0.06
0.03
0,02
0.00
0e34
0433
0033
0430
048
Ced5
Ce42
0.16
0.27
0621
0.13
0,01
0,00
0.38
0439
0.48
0.73
045
0.33
0.40
0641
0.36
0.46
0.02
0.46
1,12
0.55
0,00 L
0.35 LO
0e67

0.69

1. 77

0.54

0.25 1O

EEEEE8868 &5

EEEEEEEE

& 5 &8

O

= «HEADLQSS = = =
MT MT/1000 CK
0el2 2438
0.12 2040

O' 13 2053
0.01 0.12 1O
0.00 0.02 1O
0.00 0.01 IO
0.00 000 IO
0,14 2.66
0.14 2451
0.14 2449
0.12 2610
0.17 3.03
047 4451
0.41 3487
0,07 0667
0.27 1.78
0.06 1,06
0.02 0e43 1O
000 0,01 1O
0,00 0,00 LO
0.53 3.33
0e53 3642
0.79 4499
1,05 6.57
0.73 4047
0.42 2647
0.39 3e52
0459 37T

Oo 30 30w
0.25 4.61
0.00 0.02 1O
1.62 4.64
0.94 8.58
1,62 14.71 HI
0.71 6e44
0.00 0.00 1O
1.13  10.46 HI
1,50 9¢34
0.97 .75
2.04 34.06 HI
6.96 6e32
0,97 0.88



NODE

O O~ AW N

GROUND
LLEV

1.5
1.5
1e5
1,5
1.5
1.5
15
1.5
15
1¢5
1.5
1.5
1.5
1.5
1e5
1.5
1.5
15
1e5
1.5
1.5
15
1.5
1.5
1.5
1.5
1.5
1.5
1.5
145
1.5
1.5
1.5
15
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1e5
1.5
1e5
1.5
1.5
1,5
1.5
1.5
1.5

FLOW

=074
-‘1020
=072
0463
=0.97
=0e42
~0.44
~0¢ 36
~04 96
=1460
=0,72
0626
=0.74
=0,51
-0.99
“2033
"'2.61
=0e42
=0, 67
0039
=0.19
-0,19
~0e44
=0, 34
=0e19
~0620
~0437
~0¢57
~0,88
=0e24
=06 12
=0,12
0420
~0e23
~1¢40
=177
=0,13
=0, 20
~0.13
=0e13
~0e27
=0059
=~0,91
~0.57
=028
=028
-0, 38
~0e36
=0, 80
0438

TABLE JIV-E-3

NODE DATA

HGL HEAD

ELEV MTRS
2,280 0.78
2.31U 0.81
203OU 0080
229U 0.79
314U l.64
24930 1.43
295U 1e45
24950 1.49
322U l.72
280U 1,30
3.06U 1,56
349U 1.99
364U l.94
3.08U 1,58
2,490 0.99
1.88U 0.38
1.72U 022
295U 1e45
3.16U0 1,66
354U 2404
3.61U 2.11
361U 2011
2+88U0 1,38
34870 2637
3.83U 2033
3,820 2632
3.80U 2630
34470 1,97
34480 1.98
3.92U 2442
3.92U 2642
3e.92U 2442
3.92U 2442
392U 2442
3.84U 2034
324U 1.74
4.040 254
4.04U 2654
4.0  2.54
44040 2454
4.05U 2455
3.880 2438
3.95U 2445
4622V 2472
416U 2466
4,180 2.68
4.18U 2,68
4,180 2068
471U 3.21
471U 3.21

1v-E~

- - = - PRESSURE

ATM~--CK PCT DROP~--CK

0.08
0,08
0.08
0.08
0.16
0e14
0014
0.14
0e17
013
0.15
0.19
0019
0,15
0610
0.04
0.02
0.14
0616
0e20
0.20
0620
Oel3
0.23
023
0622
0022
0619
0.19
0623
0623
0.23
0.23
0623
0.23
0617
0625
0.25
0e25
0+25
0+25
0623
0.24
0¢26
0426
0626
0e2F
0626
0.31
0031

LO

BEEE 5555856668585 855555550 EEEEEEEEEEEEESSEESS

98,71
98,67
98.69
98.69
9731
97«65
97.62
97455
97.18
97.86
9746
96473
96480
97.40
98,37
99.38

9963

97462
9727
96464
96453
96454
9773
96,10
96417
96.19
96421
96476
96.75
96,01
96,01
96401
96.01
96,02
96.15
97¢14
95,82
95.82
9582
95,82
95,81
96,09
9597
95.53
95663
9559
95.59
9559

94.72
94.71

H1
HI
HI
HI
HI
HI
HI

SRR R R R R R R R R EE R R R L T



NODE

51
52
53
54

56
51

59
60
61

65

GROUND
ELEV

c

l.)
1.5
1e5
1.5
1.5
15
1.5
1.5
3.0
105
3.0
3.0
1.5

TABLE IVeE=3 {Comtimmed)

FLOW HGL
ELEV
'0056 4097U
~0.85 5¢27U
-0.93 4.68U
~0. 61 4.30U0
~0.36 4.30U0
~0, 60 539U
~0s58  6.,89U
=04 37 591U
32,080 8,93
~0, 68 6434V
~0e0 13.29U
40450 14426
~0.41 3.34U

NODE DATA

HEAD
MRS

3e47
3.77
3.18
2480
2,80
3.89
539
4.41
5093
4484
10,29
11,26
1.84

TV-E-5

- = = « PREJSURE

AMM~~~CK PCT DROP===CK

0e34
036
0.31
0e27
0e27
0.38
0.52
0443
0¢57
0e47
1.00
1,09
O. 18

565888586855

5

94,30
93.80
94477
95440
95640
93460
91.14
92474
90400
92,04
82,64
81,01

96497
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APPENDIX TABLE VIIwAwl
WATER WELL DATA SUMMARY
OZAMIZ CITY-CLARIN AREA

Nominal ~ Depth (m) from Ground Surface Test Sp. Cap. Date
Fumber Location Diageter (mm) Total Cased SWI1  Test P12 Yield (1ps) (1ps[u§ Completed _ Remarks

MS0-1 Catadman, National

Road, Ozamiz City 200 45 43 +162 =9.1 Te6 1967 Abandoned -
flowing 0.41ps
HS0-2 Bo. Lapasan, Clarin 150 59 53 - - 1.6 - 1954 Flowing
MS0-3 Catadman, Ozamiz City 100 40 34 +2.1 - 1961 Flowing rate
decreased
MSO—4 Rizal St., Gango (1 km)
from airport) 100 46 30 - - 0.2 1959 Flowing
M30-5 Near Cotta, Pang:il
Bay 100 38 34 +0.3 -3.0 2.7 1960 Abandoned
HMS0-~-6 Bo. Malaubang 100 46 23 ~4.0 ~5He5 0.5 1961 Abandoned
MSO-7 Bo, Lipusong, Ozamiz '
City 100 117 49 ~108,2? -112,27 0.8 1955
MS0-8 Bo. Hinagdong, Ozamiz
MS0-9 Opel Beach, Ozamiz _
City 100 46 38 +1.8 - - - 1961 Flowing
M30--10 Misamis Annex, Ozamiz
City 60 40 24 - - - - 1971 Flowing

MSO-11 Bo. Maningcol, Ozamiz

City 100 48 34 - - - - 1960 Flowing
M30-12 Bo., Cogon, Ozamiz

City 100=150 56 26-10 =51.57 - - - 1962 Abandoned
MSO-13 Bo. Gata, Clarin 150 48 25 244 = - - - 1956 No longer

flowing

MSO-14  Lapasan District,
B Clarin 100 29 23 - - - - 1958
HSO—15 Public Elen. SCho,

Clarin 100 46 29 =15 - - - 1961

%Static Water Level
Pumping Water Level



oV=-IIA

APPENDD

TAZLE VII-A-l

WATER WELL DATA SUMIARY
OZAMIZ CITY-CLARIN AREA (continued)

Nominal Depth (m) from Ground Surfac

Bumber _ Location Diameter (mn) Total Cased SWL _Test PWL Yield (ips
NS0-16 Poblacion, Clarin 100 47 45 -]o2 -
MSO-17 Gango Elem, Sch.,

Bo. Gango 100 39 32 - -
¥S0-18  Rizal St., Gango (150 m

from National Road 100 43 23 - -
M50-19 Las Agudas Ext., Ozamiz

City 100 35 34 - -
MS0-20 Bo. Balintawak Elem,

School 150 78 53 - -
MSO=21 Baybay, Clarin Poblacion 100 46 35 +0.9 +0e3
MS0=22 High School Compound

Clarin Poblacion 100 - - - -
MS0-23 Baybay, Clarin Poblacion 50 - - - -
1130—24 Rizal St. at Pilar Sto,

Clarin Poblacion 50 - - - -
MSO-25  HNational Rd., South edge

Clarin Poblacion 50 - - - -
MS0=26 Gango, on road to airport,

500 m west Nat'l road 100 - - - -
MS0-27 Mingrino Law Office,

Catadman, Ozamiz City 50 - - - -
MS0-28 Road to Gata, 250 m

Note:

west National Road 50

A1 wells except MS0-23, 24, 25, 27 and 28 were

drilled by NWASA.

" Test

~Sp. Cape. Date

S B Z ‘123[!:; Completed Remarks

1960

1958
1958
1953

1954

1962

1954
1971

Poor present
yield

Flowing



DESCRIPTIVE DATA GRAPHIC LOG

- ]
-——-—95 T(H CASING STRATIFICATION
WELL NO. (CDM) _ . MSO-! DUSURR IR TN St DU
(OTHER) . NWASA 35-67-1 e ~~GROUND SURFACE
LOCATION _CATADMAN, | NORTH SIDE OF DON L rd
M. MARCOS AVE. 7OM SW. OF PROSPERIA PARK. 8 6 1= Z=|  BLUE STICKY CLAY
CITY _ OZAMIZ_CITY U B S5 [EZ] eoNpy cLay
PROVINCE __MISAMIS OCCIDENTAL L 3.7 2 =
CONST BY _ NWASA . o
DRILLER G.T. CHAVEZ [l .
- e |  coARSE SAND
STARTED __ 30 AUGUST 967 L
COMPLETED _._ 29 SEPTEMBER |967 e .
OWNER __MISAMIS OCCIDENTAL WATER | 107 3/ —
- _ __ DISTRICT . e ax =
STATUS .._OUT OF SERVICE ; e - =£
—ememn - PUMP__REMOVED e e == = BLUE STICKY CLAY
CASING DIAMETER __ 200 MM; ISOMM ==| =] with SHELLS
x_ e
, i €
DRILLERS TEST DATA: 22,0 2 |22 ==
DATE _ 29 SEPTEMBER |9§?________ o 22: 7% =1 =%
STATIC WATER LEVEL . |'2M_ABOVE 352 76 [ZEH  [E---SANDAND GRAVEL
GROUND SURFACE == =
oo m el ~u T o= —_ Y A
PUMPING WATER LEVEL _92M BELOW == = YELLOW STICKY CLAY
... . GROUND SURFACE _ —  ~ '™ 280 0 == =
TEST PUMP YIELD . T-6LPS ' 3oy |5¥ YELLOW STICKY CLAY
eV s02 | e fmed IR WITH GRAVEL
REMARKS: 348 14 Ll .
FLOWING ARTESIAN, DISCHARGING 6 GPM .
WHEN COMPLETED, 2GPM ON 16 APRIL 1975. YELLOW STICKY CLA:
WITH GRAVEL
396 | 130
‘ SAND & GRAVEL
33’% :2% FINE SAND
o 148 SANDSTONE

APPENDIX FIGURE VII-A-i

WELL DATA SHEET
Sureiy or ' Ten PRovinciaL ‘aneas COM-LWUA WELL MSO - |




DESCRIPTIVE  DATA

GRAPHIC  LOG

WELL NO- {(CDM ) MSO - 16

DEPTH

(M) | (FT)

CASING ‘] STRATIFICATION

{ OTHER) NWASA 34-61-27
LOCATION ELEMENTARY SCHOOL, ZULUETA ST

~~GROUND SURFACE

AT RIZAL ST., CLARIN POBLACION
CITY __CLARIN
PROVINCE _ MISAMIS OCCIDENTAL
CONST. BY __NWASA

DRILLER RIG. NO.236

STARTED
COMPLETED
OWNER

22 MARCH 196l

STATUS .

CASING DIAMETER _100 MM

DRILLERS TEST DATA:
DATE 22 MARCH 196l

STATIC WATER LEVEL

5™

PUMPING WATER LEVEL

TEST PUMP YIELD B LPS

REMARKS:
DATA FROM NWASA RECORDS.

FEASIBILITY _ STUDY FOR  WATER
SUPPLY OF TEN PROVINCIAL AREAS

COM- LWUA

4.9

25.3
265

29.0

l
i

:_|
|

l
|

BROWN CLAY

il
i

1
|
|
|

SAND

83 Aoy ad) ".| v;\
87 Yrsad RO

_ QUICKSAND

COARSE SAND

- - —— . ——— — — — - ——
C et . . ..

136
BOULDER

APPENDIX FIGURE VII-A-2
WELI. DATA SHEET
WELL MSO-15




DESCRIPTIVE  DATA LOG
DEFTH STRATIFICATION
WELL NO. (CDM ) __MSO-16 (M) | (FT)
{ OTHER) NWASA 34-60-855
LOCATION __TEJUDU ST. AT NATIONAL ROAD ¢~ " GROUND SURFACE
CLARIN POBLACION _ = =
CiTy _CLARN_ ___ poum
PROVINCE __ MISAMIS_ OCCIDENTAL == SANDY CLAY
CONST. BY _ 65 ppes
. 18 R
DRILLER S
R S ol g
STARTED L GRAVELLY CLAY
COMPLETED 6 JUNE 1960 7.9 26 R
OWNER L
STATUS - SAND
CASING DIAMETER __100 MM o
171 | 56
DRILLERS TEST DATA: "
DATE .6 JUNE (960 o SAND WITH SHELLS
STATIC WATER LEvEl 12 M o
— 229 75
PUMPING WATER LEVEL
FINE SAND
TEST PUMP YIELD 074 %0
SHALE CLAY
WITH
REMARKS: DECAYED WOOD
DATA FROM NWASA RECORDS. 335 | 110
COARSE SAND
AND GRAVEL
WATER BEARING
421 | 138
POORLY CEMENTED
448 | 147 SANDSTONE
473 ' 185

SERBLYSTT ref TV S CDM-LWUA

APPENDIX FIGURE VII-A-3
WELL DATA SHEET

WELL MSO-16
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APPENDIX VIII=C
WATER TREATMENT ALAERNATIVES

Analysis of water samples taken from the proposed spring souroes
indicates that all the physiocal and chomical quality paremeters are
within the acceptable limits, with the exception of @lightly exnes=
sive iron (0.55 mg/1) in the Coopk Spripg water. Water from mome of
the existing wells also containc slightly excesaiva (0.85 mg/1) irofiy
Official records show the presence of waterwborne diseases 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 disinfeotion may be practiced.

Disinfection Alternatives

Disinfection of water supply may be accompliéhed through chemical
application of chlorine, iodine, ozone, 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 oxygen, is rated to be &
wore vigorous oxidizing agent than chlorine. This versatile element
not only disinfects but also sterilizes, It also helps in color
reduction, iron and manganese oxidatinn, taste and odor control,

VIII=C=1



Despite its impressive known qualities, oscne is Yot to ashieve
universsl acceptanoce,

Ultrea~violet radiation is another method of disinfeotion appli-
oable to small water aystems. It involves high~co8t equipment and
requires oonsiderable 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 bacterioidal properties such as
oopper, silver and mercury is limited by their cost, availability
and potential adverse health effects if not properly doaed,

Bromine as a water disinfectant is oostly and socarce, Liguid
bromine produces irritating fumes and causes severs burns,

Oxidising agents such as potassium permanganate and hydrogen
poroxide have weak purifying qualities that require long oontact
time and high dosage.

The economice of disinfection serves as an important, if not
sole, basis for the selection of a treatment method suitable to a
partioular water system. Selection is not neoessarily based upon
the cheapest method available but on its dependability, effeotive-
ness, suitability and reasonableness in cost. PFrom 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
oertain conditions. It can be more effective and economical when
used for two or more stages of water purification, When taste and
odor in water are organic, osone may be as effective as ohlorine.
When disinfection only is required or water supply is clear, however,
chlorine will be much more economical,

Plant-scale studies on ogonation show that it entails digger
oapital investment than chlorination hy the ratio of Jord4tol.

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

Since the early 1990's, chlorine has heen widely used in water

treatment but recently in the United States, it has developed into
& oritiocal issue, Studies done by regulatory agencies revealed the

VIIT=C=2



presence of cancer-producing chlorine compounds in the drimking
water of several cities in the eastern part of the United States
as & result of treating river waters contaminated Wy ocertain or-
ganio and -ochemiocal wastes. The studies indioated that through
ohlorination, the hazard levels of man~made chemiocals and pesti-
cides that pollute the river sources are increased.

However, the oritical aspeot of chlorination dees mot apply
to the study area at this period of its development. Rivers are
not generally contaminated by agro-industrial chemioals, & oondi-
tion forsseen to remain for quite some time.

VIII=Cw3



AFPENDIX VITI-D
DISTRIBUTION SYSTEM ALTERNATIVES

General

The distribution system, in gemeral, is composed of a network
of distribution mains, internal distribution networks, storage faci-
lities, booster pump stations, booster chlorination stations, and
appurtenances such as valves, fire hydrants, meters, and servioce
connections, The distribution system conveys the water to the cone
sumere 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 elevationse The booster chlorination
stations are required at the fringe areas of the water distriot to
keep the chlorine residual at the desired concentrationo The dis—
tribution storage facilities provide supplementary flows during the
peak-demand periods, The trensmission lines convey the water to
and from the storage facility depending on whether it is f£illing or

emptying.

The valves are placed throughout the distribution systenm to
keep amall service areas isolated hy closing the valves at times
when maintenance is requireds The fire hydrants are ocrmected to
the distribution system at regular intervals depending upon the typs
of area gerved, The service connections convey the water from the
internal distribution system to the consumer, Meters are placed on
the servioe comnection line to measure the amount of water consumed
ty the oustomer, The components of the distribution system desoribed
above are illustrated in Appendix Figure VIII=D-l,

The major altermatives for the components of the distributiom
aystem oan be grouped into two oategoriess

(1) Sise and Staging. 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 oapacity in an early cons~
truction phase and the remaining capacity in a subsequent phase,
Examples would be: a 10,000 cum storage tank built in 1980 fer
the design year 2000; or a 6,000 eum storage tank built in 1980
and a 4,000 cum storage tank built in 1990. Instailing a smaller
sise component initially has the advantage of reducing capital
cost in the initial oconstruoction period. Also, staging provides

VIII=D-1



flexibility as more data will be available at a later date and

the assessment of population and economio growth may indiocate
a new looation is preferable to that originally plamned, In
any case, studies should be made to indicate the economic
feasibility of staging, :

(2) location. Sometimes, more that one location exist for
the construction of the distribution system component, In
some cases, eoonomic studies will aid in the selgcotion of the
most desirable site, and in other cases, practical considem=
ation and engineering judgement will be of primary importance,

Each component of the distribution system and its respeoctive alter—
natives are disouseed in subsequent secticrs.

Distribution Mains

The alternatives for distribution mains are location, sizs,
staging and the spaoing in the network. To avoid land costs and
also to place the mains as close t{o the demand oenter as possible,
the alignments for future distribution mains should be chosen along
existing and planned road and street rights-of-way. Where the
seérvice area will extend to areas without planned or existing road=
ways and etreets, the looation 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 direotion,

Tho distribution main network system is desigmed to provide a
minimum pressure of 14 m during peak-tiour conditions, The minimum
size of distribution mnins has been taken as 200 mm. In general,
this size is large enough to provide adequats pressure during peak-
hour and fire-flow conditions.s In some residential areas, alter-
nating 150 am and 200 mm pipe sizes is adequate. Staging of distribu-
tion mains is economical at 10-year intervals im arcas having wide
utreets and low population densities. Howaver, in high-density
areas having small streets, it is usually preferable to aveid two-
stage construction., There is limited space for utilities in these
areas and oconsiderable disruption ocours when the street is excavated
for the new water main, It is better to install the pipe sisze
required for ultimate design in these ocongested areas so that
these problems can be avoided.

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

Single=Stage

T™Mo=Stage

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 intermal distribution network to

& -intain sufficient pressures during fire-flow and peak~hour periodse

It is not recommended that the minimum distribution main siges
be stagede However, larger mains oan be staged in scme instances.
A required pipe size ¢f 250 mm for year 2000 demands can be cone
veniently st2ged with onme 200 mm line in Stage I and amother 200 mm
parallel line in Stage II, Houever, in Stage II an extra cost of
15 per cent may be included in the oconstruction of the parallel line
because of the problem encountered with interties to the Stage I
line and safeguarding service oconnections and sometimes transferring
the connections with the internal networke The economic evaluation
of a two-stage versus one~stage construction of a 250 mm line is
shown below:

EVALUATION OF DISTRIBUTION MAIN STAGING

1976 Present Worth?
Pipe Construct-= Project Annual Capital Annual Salvage Net

1980 250 475 648 3 412 Y 19 407
Total 407
1980 200 360 491 2 312 9 14 307
1990 200 414 565 2 116 2 19 99
Total 406

Comparison of the two alternatives shows that conatructing 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
instzll a 200 mn line initially because of -the lower oapital cost and
added flexibility, Similar ocalculations for staging a 300 mm line
with parallel 250 mm and 200 mm lines indicate only slight 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 comstructed 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 distribution

11990 oconstruotion cost includes 15 per cent penalty,
2D19count rate is 12 per cent.
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system is maintainede Areas having higher densities of potential
customers should be comnected in the early construotion periods
because the cost per oonnection will be lower and more revenues will
be generated, Also, extension of service to large demand oustomers
such as industries and commercial areas would be desirable when a
reliable watexr supply is available. Service to this type of oustomer
would have a positive impact on the economy of the study area.

Distribution Storage Tanks

Distribution storage tanks provide supplementary supply during
peaklur demand periods, during firs flow demand periods and during
emergency periods when source supply is reduced. The reoommended
distribution storage volume is 1520 per ocent of maximum daily
supply requirsments. The storage facility is designed to empty
during peak-hour demand periods and to fill overnight during minimum
demand periods. The storage tanks should be located as close to
the demand oeniter as possible and on the opposite side of the ser=
vice 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 constructed on-
grade with an operational level fluctuation of 3 to T me The storage
vanks should be of reinforoed concrete and ocovered to prevent con-—
tamination. Initially, adequate land area should be purchased so
that the ultimate storage capacity of the site ocan easily be avocomme-
dated. The storage faoility is designed and construoted in inorements
so that the desired capacity is available when neededs It has been
observed that staging at 10-year intervals is an eoconomiocally appro=
priate time inorement based on the discount rate used in this study.

For operational purposes the storage overflow elevation should
be the same elevation as the HGL control at the souroe. Looating the
storage at the same elevation as the source is sound engineering prao=
tinee The range of operating pressures within the distribution system
is reduced, This keeps the pumping heads at booster stations and wells
at more constant levels, simplifying operation of the pump station.

No maintenance of double-acting altitude valves at the storage faoi-

lity is required umnlike when the storage is at a lower elevation
than the source,

Tank filling will take place during the minimum demand periods.
Amount and duretion of minimum demand oan be determined by 24--hour
consumption records. Since these data are not available, it is
assumed that the minimm 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 mource HQOL elevation and
the storage tank is & maximum of 7 m when the tank is empty and
345 when the tank is half-full, Beoause of this small head diffe~
rential, ocare must be taken in choosing location and size of the
supply lines,

Placing the storage HGL at an elevation lower than 70 m is not
recomnwended because this will mean that areas at the extreme ends
of the distribution system will have insuffiocient pressures unless
inordinately large distribution maine are provided, If loocating
the distribution storage tank at a lower elevation than the eource
is considered, & double~acting altitude valve must be placed on the
supply line to the tank. The valve oloses when the water slevation
in the tank reaches the overflow level and opens when the pressure
drops in the distribution system, permitting water from 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 dig=
tribution system permitting water from the storage to enter the asystem.
Because the storage is at an elevation less than the souroe, it is
difficult to obtain ths required flow from the storage during peak
flow demands as mot of the supply will come from the directiion 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 standpipes, If possible,
the overflow elevation should be the same as the HGL oontrol on the
source transmission line, The operational range of elevated storage
ray 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 operw-
ational volume, Economic studies oan aid in the selection of the best
location, The present worth cost of the storage tunk and the storage
tranemission line for several alternative sites should be evaluated to
determine the leastwcost alternative,

In some cases it is more economical to locate & portion of the
distribution storage volume at the source HGL conirole This reduces
the pipe diameter required to fill the distribution storage tank
located at the other end of the systemo However, 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 intermal 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 ares

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

The internal network design is controlled by either of two conditions:
peak hour demands with minimum main preessure of 10 m or fire flow
demand coinoident with maximum-dey demands with & minimum hydrant
pressure of T meters,

In order to determine the response of the internal metwork to
several flow conditions, a detailed study of the internal network was
made. Cormnercial/residential areas in several oities in the Philippines
were analyzed to determine a composite 100 ha area. A typical 100 ha
area in the oore city or fringe of the core city has 8-12 km of roads
and streetse Sinoce the internal network is installed along street
rights-of-way, the total length of internal network pipe will also be
8-12 Im for a 100 ha area, An average of 8-12 km per 100 ha area
oorresponds 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 commeroial areas. The ‘80 m of pipe per hectare
wag used in the design study in order to evaluate the internal '
network under the most stressing conditions - less pipe per hectare
will ocause higher flows for the same areal demand, Three alternative
internal network designe 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-mipe is 150 mm in
diameter, '

Alternative 3, The ratio of 100 mm pipe to 150 mm pipe is
3:1, d.e.y 6,000 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 & mixed residential and commer
oial land use. The domestic flow requirement was assumed to be

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

to be 10 per cent of the domestioc demand, The unacoounted-forewater
wags assumed to be 25 per cent of the area's total desmande The demand
was applied uniformly over the entire area, The alternative networks
were analysed under peak hour condition (peaking factor of 2,0) and
maximum day plus fire flow ocondition, The minimum pressure in the
internal network is listed in Appendix Table VIII-D-l,

APPENDIX TABLE VIII=Dw-l

MINIMUM PRESSURE IN ALTERNATIVE
INTERNAL NETWORK SYSTEM

M¥inimum Internal Network Pressure (m)3'

Alternative Population Peak Commercial Residential
Jystem Density Hour Fire Flow Fire Flow
1 - Al 100/ha 11 7 .1

100 mm Pipe 200/ha 10 59/ 10

300/ha e/ 45/ 8
23/ = a1 100/ha. 11 12
150 mm Pipe 200/ha 11 11
300/ha 11 11
33/ - Ratio 100/ha 11 8
of 100 mm to 200/ha 11 8
150 mm is 3.0 300/ha 10 7

3Average pressure in distribution mains is 14 me

Lese pressure than the oriteria: Feak-hour minimum is 10 m;
ire flow minimum is 7.0 meters.

No residential fire test was analysed because the minimmm pressure
oriteria were satisfied in the commercial fire test.

VIII-Doq



The data indicate that Alternative 1 can meet minimum preg-—
sure requirments for all oonditions for a population denaity of
100 people per heotare, However, minirum oriteria camnot be main-
tained for higher densities, Altermative 2 meets the pressure
oriteria for all population densities studied. Alternative 3 also
satisfies the minimum criteria for all population densities gtudied,

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 oonsiderable carrying oapacity to the im-
ternal network as indicated by the data in Appendix Table VIII- D=1,
Alternative 3 can meet minimuam pressures during commeroial fire
flow test. Even though a 150 mm fire hydrant might be comnected to
& 100 mm pipe, it is possible to support the commercisl fire flow
because water can be supplied from at least two directions and the
larger, supporting 150 mm main or distribution main is no more than
250 m a“ayo

Other computer studies were carried out on Altermatives 1 and
3 by inoreasing the total length of internal network pipe to
120 m/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 inoreased only slightly as the fire flow was applied to
a much smaller area of the system. ‘

The construotion costs for installing the internal network piping
for each alternative, and several subalternatives of total internal
network piping are listed below:

Length of Pipe Ratio of Construoti

Alternative w/ha 100 mm 3 150 mm  Cost (»/ha)
1-4A11 80 8010 - 11,600
100 mn Pipe 100 10010 14,500
120 12030 17,400
2 - A 80 '0:80 13,600
150 mm Pipe 100 03100 24,500
120 01120 29,400
3 = Mixed 80 60120 13,600
100=150 mm Pipe 100 80420 16,500
120 100120 13,400

6Coats do not include valves or fire hydrantse
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Alternative 3 i1s 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 1s the recommended internal network
system, Alternative . 3 ean 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 oommercial without requiring reinforcement.
Llso, further tests indicate that Alternmative 3 can meet minimunm
pressures up to 400 people/ha when 120 m/ha of internal network pipe
is required,

The minimum recommended pipe size in the intermal network is
100 mme Smaller pipe would reduce peak hour pressures and would
severely limit fire-fighting potential. Though pipes less than 100 mm
are cheaper, the inctallation costs are not significantly lecss than
that for 100 mm pipe. Also, the capaocity 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.

Staging of internal network pipes is not usuully economical or
practical. Sireets 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 flowses 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 maintenunce would affect as few customers as possible, Fach internal
network connection to a distribution main should have a valve so tlut
repair to an internal main would not require closing of valves on dig~
tribution mains. High~demand areas should have more frequent valve
spacing than low-demand areas. Valves should normally be placed at
street intersections with & 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 fire~tighting in several dircctionse 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 1 x 100 mm pump outlet.
The hydrunt will be connected to & 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 oute
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 ocustomer. The Ber—
vice line will be provided with a "gooseneck" for conneotion to
the main and a service meter will be provided for ocontinuous
measurement of water provided to the oustomer. A valve should be
inserted in the service ahead of the meter to enable the water dis-
trict to terminate service when it beoomes neceasary,

Booster Zone

Portions of the service area at elevations which are too high
to be served from the same HGL ocontrol as the service area at lower
elevations, must be served by booster pumpage. The booster pump
station raises the HGL to sufficient levels to serve the conces—
gionaires in the booster zone, A storage tank should be located in
the booster zone to supply peak hour demands The storage tank should
be located on the opposite side of the booster zone from the booster
pump stations The booster zone storage should have 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 pymp
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 Pumv Wells for Urban Areas

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

Benefits from personal and domestic hygiene ocour from any water
system in proportion to the amount useds This amount depends prima-
rily upon the convenience with which water is provideds A HFW in the
yard immediately adjacent to the house, or in the house, will ordina~
rily be found reasonably convenient to use,

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

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

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

Therefore, the HRM 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,

Types and Costs of HPW

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 m)e

The dapth of well required to reach a good aguifer at any
partiocular site is a critioal factor which influ.nces costs,

HiﬁE Water level HMM

A high water level HPY includes the following componentss

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 (2£?to 4 in) and a stroke of 25 to
125 mm (3 to 5 in)s Whatever the stroke and piston diam
meter, replacement cup leathers must be readily available
to the pecple using the pumpe A PVC lining is aeceptable
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 ende

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

A conorete or masonry plaiform mgy be provided around the pipe
at the ground surface. It is nct essential for sanitary purposes
1f 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 programe. If a platform is
provided, a short drain is usuvally also provided to carry waste=-
water away from the immediate vicinity of the well, .

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

Deep Water level HMW

A deep watsr level hand pump well should have the pumping ,
element, the pump piston, installed belovw the pumping water levels’
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:

l, A pump, or more properly, a pump cylinder, which should
be brass lined steel, of 57 mm (24 in) or 54 mm (2 3/16 in)
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3.

4.

5

diameters The cylinder should include the piston, of three=
cup type, and the bottom valve assembly. The oylinder should
connect on the top to 62 mm (2% in) diameter pipe and on the
bottom to a 62 mm (24 in) diameter pipe. -

The well screen, which will be the same as that of the gther
wells described here,

Galvanized steel pipe of 62 mm (24 in) nominal diameter to
connect the well screen to the pump cylinder and serves as
well as casing.

Galvanized steel pipe of 62 mm (23 in) nominal diameter to
connect the top of the pump cylinder to the discharge heads

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 HFW will vary from 2,500 (at
20 m depth) to P8,000 (at 75 m depth). -

Potential Application

In the five study areas, there are certain fringe areas! that
oould potentially adopt the HPW as an interim measure for water
supply until such time as the permanent conventional system extends
toward those areas. The following table shows such areas and probzble
per capita costs if a HPW were provided for each homet

Water Pumping Well HM ' Per Capita
Distriot Community Llevel Depth Cost Cost
(m) ‘m )

MOWD Clarin near

surface 40-50 . 2,000 290
CNWD Basud 3-6 20-60  r1,800 P260
MCWD Liloan 8-15 20-30 »3,000 ?430
MCWD Compostela 15 30-50 P4,400 P630

7Where groundwater conditions are favorable for HW,.

eBaeed. on 7 persons per house,
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The HW has a per capita cost which is 50-100 per cent of the
per capita cost of a piped water system. Because of the better level
of service and fire-fighting potential of the piped water system,
the HM 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 deneity 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 assocliated 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—
oussed in Section VIII-B, It consists of storage sites looated in
Barrio Kalabayan and northeast of Clarin (sites 1 and 3),

ST — 2. Stage I storage (1,900 cum) would be built along the
source transmission line coming from Talibaksam and Bitoon Springs
in Barrio Segatioc. 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 sites This alternative oorresponds to 54 per cent of
the storage being located at the source hydraulic gradeline control,

ST -~ 3. The Stage 1 storage plan is identical to ST=2 with
1,900 cum located at the source HGL controls In Stage 2, 700 cum of
storage would be constructed at the Kalabayan site in 19&9 and 90Q
oum additional storage at the source HGL control in 1994~95, For
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-}. For each alternative, several computer runs were made to.
cheok peak-hour pressuree and the storage filli: condition, The
required pipe sizes and construotion period for vach alternastive
are listed in Appendix Table VIII-D=2, The pipelines listed are
only those which change with respeot to the alternatives, Those
lines which are the same for all alternatives are net listed in
the table, though included in the analysiss The storage wolumes
and construction periods are listed as follows:
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Site Construction Storage Volume (cum) for Alternative

Pariod St-1 SP=2 ST-3 STy
(Segatic) 198990 ' 1,600
1994~95 900
Site 1 (Kalabayan) 198182 1,900 1,600 700
1989-90 900
Site 3 (Clarin) 199495 700

Each construction phase was assumed to be a 2~year period begin-
ning in January of the first year and ending in Decembier of the sesend
Years, 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 amalysis 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 direotions -~ Cocok and Regina Springs
ag well as Talibaksan, Bitcon, and Lower Dalingap Springs. Thus,
Cocok and Regina serve the same funotion 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 ocours because
of no distribution storage, that is, peak-hour service aleng 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
Kalabayan area without booster pumpage. At the same time the 700 cum
of storage at the Kalabayan Site would make the service to Ozamisz
City more reliable especially if a break occurs in one of the major
transmission linea. The staging of storage in scheme ST~3 provides
oonaiderable flexibility to the water distriot in the period 1995
2000, Since 900 cum of storage would be construoted at that time,
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the Water District ocan place all of the 900 ocum or part of it in

any of three locations - Kalabayan site, source site, 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, alternative storage scheme
ST-3 is recommended. 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 TABLE VIII-D-2

PIPE SIZES AND STORAGE VOLUMES
FOR ALTERNATIVE STORAGE SCHEMES

Pipe Number/ Stage/Construct— Length Pipe Size (mm) for Alternative
Storage Site _ ion Period (m ST-1 ST™2 SM3 ST

Stage I
15 1980-81 2,650 450 250 250 250
16 1580-81 900 450 250 250 250
38 1982~83 2,250 450
39 1982-83 1,850 450
40 1982-83 750 250
58 1986-87 1,100 150 150 150 150
15 1986-87 2,650 350 350 350
16 1986-87 900 350 350 350
Stage II
3 1989-30 1,650 250
4 198990 650 250
5 1989~90 7o 250
15 1989-90 2,650 250
16 1989-90 900 250
38 1989-90 2,250 250 350 200
39 1989-90 1,850 250 350 250
40 1989-90 750 250 200
53 1994-95 2,150 350 200 200 200
52 1994-% 1,350 350 200 200 200
14 1994-95 500 350 150 150 150
58 1994-95 1,100 350
54 1994-95 1,100 350 150 150 150
56 1994-95 1,800 350
57 1994=95 1,700 350
38 199495 1,850 300 300 200
39 1994-95 2,250 300 300 200
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APPENDIX TABLE VIII=D-3

SUMMARY OF PRESENT WORTH COSTS
FOR ALTERNATIVE STORAGE SCHEMES

Present Worth of Net Disbursement ()
Per Cent of Year 2000 Transmission Lines Storage Transmission Lines

Alternative Storage‘l.ocated .?.t Source in Appendix Tanks and Dist?ibgtion
Hydraulic Oradeline Control Table VIII~D-2 Mains Total
SP-1 ) » 8,831,000 * 832,000 * 9,601,000 19,264,000
ST-2 54 5,073,000 870,000 9,601,000 15,544,000
ST-3 80 4,534,000 826,000 9,601,000 14,961,000
STd 100 4,193,000 856,000 9,601,000 14,650,000

9 Pipelines which are the same for all alternatives.



APFPENDIX VIII-E
WATER RESOURCES CONSERVATION MEASURES
Alternatives available to counteract future (and present)
water shortages consist of the following: reuse of wastewater,
desalting, precipitation augmentation, land management, and dual
plumbing system, These alternatives are discussed bolow,

Wastewa'er Reuee

One of the potential alternatives in meeting future water de~
mand is the reusc or reqyoling of wastewater (sewage). In Singapore,
reclaimed wastewater is used in the oooling prooess im industries.

A full-scale punicipal reuse faoility 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 weters, and by technologioal 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-
Jeotionable characteristios of wastewater and make it suitable for
& 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 emhancing its ece-
nomio feasibility for large scale use and technelogical expansion.
Achieving these objectives will depend on several factors.

It is technologiocally possible to produce water of any desired
quality from any source, However, the controlling factor is eoco—
nomics, For instance, because of its lesser solids content, waste-
water reclamation is simpler than seawater desalting as an alternative
souroe of supply.

The feasibility of wastewater reclamation as & source of water
supply will be limited in the study area sinoe wastewater volumes
are ocurrently minimal, and future inoreases in sewage are expeoted
to be slow.
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Desalt;g‘

Desalting is the prooess of converting seawater into fresh
water, It involves removing substantial amounts of the oocean's
salts and minerals,

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

Over 90 per cent of the present application of desalting is
done by distillation. In this process, seawater is evaporated and
the vapor is oondensed. 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 energy
&8 heat souroce,

Electrodialysis obtains fresh water by using an eleotric our—
rent to separate the ions of the contaminating salts. In the pro-
cess of freesing, ice is formed from a saline solution and is melted
to produce fresh water, The melted ics;, however, sometimes has a
salty taste, .

In 1970, 33 small-sized desalting plants were put in operation
throughout the world, with a combined capacity of 227,260 oumd.
Kuwait has the largest plant with a 113,700 cumd oapacity 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 meaningful
amountes of seawater into fresh water. All the prooesses have inherent
defects for general use, including the problem of disposing about
50 per oent of removed salts 'nd minerals of the total treated seawater,

These prooesses are also costly because they involve signifieant
quantities of energy. Whereas ireatment of ordinary water supply costs
about 5 cents per 1,000 gallons of fresh water, desalting costs about
$1.00 per 1,000 gallons of desalted water,. This cost oovers only the
plant itself and excludes necessdry transmission facilities. (These
are pre-energy orisis costs.)

Pr.cigitltion Ag‘gggtaxion

Rain can be artificially induoced to increase water supply (al-
though it does not diminish the need to ocollect it)e The most com-
mon method of stimulating rainfall is clowd seeding.
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The theory behind cloud seeding is that under oertain condi-
tions, air containing much moisture will not yield preoipitation
that might possibly oocur because of the absence of partiocles of
dust, crystal or chemical droplets. In oloud seeding, such particles
are artifioially implanted in supersaturated clouds to stimulate
rainfall, These partioles 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 represant
actual operations,

Cloud seeding does ..ot always yield the desired effects of
inoreased rainfall., Experiments show that the method also results
in decreases in the amount of expected precipitation, These effects
have not been suffioiently explained although a theory adwanced i
that the amount of rainfall depends on the types of cloud systems
being seeded,

Inoreases in precipitation do not necessarily produce propor-
tional increases in useble water supply. The opportunities to in-
orease 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 ocan
reduce usable water yield,

Land Management

Land management oan affeot the amount and quality of water
available for use, It is a method of both increasing and conserw-

ing water supply.

Two potential techniques of land management that apply +o
Philippine conditions are foresi management and control of stream-
bank vegetation, Forests impact upen water supply in a number of
ways. They intercept rain from the surfaoce of the leaves. They
draw moisture from the soil and release it into the atmosphere hy
transpiration. Through their roots, leaves and other parts, forests
facilitate the infiltration of precipitation into the soil. They
also tend to shade the soil and slow dowm wind veloocity, thus,
reduocing evaporation from the s0il surface. Any alteration on the
amount and type of vegetation, such as deforestation, will affeot
water supply.

Phreatophytes or deep~-rooted vegetation along the banks of
canals and rivers consumes much water in their growth, Especially
in oases as when precipitation is low, this vegetation may reduce
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the streamflow and the disoharges of springs. Som:times, 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 neces—-
sarily the best answer to inoreasing water supply,

Dual Plumbing System

A relatively small increment of the total public water supply
demands highly potable and clean water such as that required for
drinking, cooli: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
offectivity. For example, in Hongkong during the severe drought of
sumner 1963, water servioe was rationed into the various city sectors
4 hours every 4 days. Extraneous uses cf wator such as toilet flush-
ing were therefore severely ourtaileds In some of the high-rise
government housing in Hongkong, dual plumbing system has been used,
with sea water for toilet flushing,

There are two main objectious that have been identified in the
use of dual system -~ oross-connections and associated cost., Dual
water supply system where one mystem 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 ocould minimise this health hazard,

If an existing system is to be replaced entirely Wy a dual
system, the cost may well be unreasonable, However, 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 economics muy prove the dual system
to Be worthwhile. Savings result where the non-potable aystem
serves high-rise multi-family dwelling units with high populatiom
density. The inoreased cost resulting from the iadependent system
may be offset by eliminating the need for developing new water re..
sources and above all, retaining high quality premium water for
domestic consumption. Aocordingly, the feasibility of the dual system
has already been proven, Because the potable water system will not
e used for fire protection, its distribution syetem need mot e
designed for high pressure otherwise required in a system with high
fire demand, .
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APPENDIX IX=C
DISTRIBUTION SYSTEM GROWTH

(Qerieral

It is necessary to projeot 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 (1) an apportionment of the population served into several
gectors within the study area, (2) a gradual decrease in the
number of people served at each connection and, (3) the number
of connections anticipated per hectare of area served, Each of
these items is discussed in detail in subsequent sections.

Pbgglation 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)s The Clarin
Poblacion population was assumed to be 11% of the 1990 service area
population in 1980, 10% 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,
Ttems B~1 and B~3 (Table IX-C-1) were obtained by assigning appro-
ximately 75% of the remaining population served in the 1990 service
area extension to Item B~1l, 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 - 1. Population Served in Ozamiz City outside the Poblacion =
75 x 4,300 = 3,300 |

IXeCul



APPENDIX TABLE IX=C-1

POPULATION SERVED APPORTIONMENT

TO SUB=SECTORS

Service A.rea(Sub—Sector

A.

Bo

Ce

Present Servioce Area

"1« Ozamig City-Poblacion

1990 Service Area Extension

1o Ozamig City-Outside Poblacion 3,300
2+ Clarin=Poblacion 3,400
3o Clarin=Outside Poblaocion 1,000
Year 2000 Service Area Extension

1o Ozamig City=~Outside Poblacion

2. Clarin=Qutside Poblaocion

Total Population Served 17,500 26.@

1960

17,500 19,200

1320
27,200
13,400

4,900
4,500

3,000

232000

Population Served in Year

2000

35,100
30,100

6,400
10,000

74900
3,500

93,000
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B = 3, Population Served in Clarin
Outside the Poblacion = 4,300 = 3,300 = 1,000
For Item Coe1 the 1990 population served was assumed to be entirely

in the Ozamiz City area, For year 2000, 707 of the served population
in the year 2000 service area extension was assumed to be in Ozamiz

Citye

Rumber 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 (1) decreasing population growth which will reduce the
number of people per household, (2) inoreasing 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
airese The projected average number of consumers served per oconnection
is shown in Appendix Table IX-C-2, -

APPENDIX TABLE IXwCe2
PROJECTION OF NUMBER OF CONSUMERS
SERVED PER CONNECTION

Number of Consumers
Served per Comneotion

Service Area/Sub=Sector 1975 1280 1990 2000
As Present Servioe Area .
1e Ozamiz City-Poblacion 10,8 10 '9 8
Be 1990 Servioe Area Extension 4
1. Ozamiz City-Outside Poblacion 8 Te5 7
2, Clarin—=Poblaocion 10 9 8
3¢ Clarin-Outside Poblacion 8 Te5 7
Ce Year 2000 Service Area Extension T
1e Ozamiz City=Outside Poblacion Te5 T
20 Clarin=Outside Poblacion 7

The number of oonsumers per comnection in the poblacion of Clarin is
assumed the same as that for Ozamig City Poblaocion. The conocession=
aires outside the poblaciones 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 numbex
of hectares serveds At present the MOWD gerves approximately 165
heotares 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 increasese By year 2000
the number of connections per hecotare will be approximately 27,

A large portion of the increasing connections per hectare can be
attributed to the likely construction of multi-family dwellings,

To determine the area to be served in the Clarin Poblacion the
number of connections per hectare is assumedo, For example, it is
agsumed 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 czlculated as follows:

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

= 1OMOO = 4245 ha
X

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,
churches, and other institutions, Thus the total area served in
the poblacion of Clarin is approximately 50 hectaress As in the
case of Ozamiz City, the area of the poblacion of Clarin is kept
constant and the number of connections increases as the pgpulation
increases, Thus in 1990 there will be 12,7 connections per hectare
(4,9?0/9 x 43) and in year 2000, 1846 connections per hectare (6,400/8
x 43) :

For the areas outside the poblaciones, 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 densee
ly settleds In Ozamiz City the conmnections per hectare in the 1990
service area extension are assumed to be leass than that for the present
service area in the poblacion and more than that for year 2000 service
area extensiones The same trend is maintained for the sub=sgectors
in the Municipality of Clarin though the numbor <I connections 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=
C~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 system
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 comnected directly to the transmission
lines and distribution mains., This practice enatles the Water
District to serve more concessionaires than if no oonnections were
permitted to the transmission and distribution mains, Thus, in
Ozamiz approximately 95 ha ias served in this manner, It is assumed
that this practice will continue, and, therefore, the arca served by
distribution mains and transmission mains is subtracted from the
total service area to determine the area which will receive internal
network pipinge 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 1985 1990 2000

Length (m) of transmission 10,000 6,000 4,000 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 networke 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=Cee3
PROJECTION OF AREA SERVED

1980 1990 2000 _
Noe. Connections Area Served Noe Connections Area Served No. Connections Area Served
: ha ha ha
Servioe Area/Sub=Sector Per Hectare Net Gross Per Hectare Net_Gross Per Hectare Net Gross
A. Present Service Area
1e Ozamiz City = Poblacion 11.6 165 1863 165 26.6 165
Be 1990 Service Area Extension
1e Ozamig City = Outside
Poblacion 9 46 55 12 150 180 18 220 260
2 Clarin = Poblacion 8 43 50 127 43 50 186 43 50
3e Clarin = Outside Poblacion 7 18 20 10 60 170 15 90 110
Ce Year 2000 Service Area Extension
1« Ozamiz City = Outside
Poblacion 11 36 45 12 90 110
2, Clarin = Outside Poblacion — 10 45 _55
Total = 290 510 750



A,

B,

Ce

APPENDIX TABLE IXe=Cmd}
PROJECTED AREA SERVED BY INTERNAL NETWORK SYSTEM

Area (ha) Served in
1975 1980 1385 1990 2000

Area Served by Transmission
and Distribution Mains

1. Ixisting Mains 95 60 30 30 30
2. New Mains 50 80 100 160

Area Served by Internal
Network System

1e Existing System 70 70 70 70 70
2¢ New System 110 220 310 490
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 iy modified slightly from that shown in
Appendix Table IX-C— in order to have contant level of growth,
The recommended program is listed below:

Area of Internal Network Installed (ha)
Construction Period Reinforcement New ‘Serv:l.oe Area

I, First Stage

A, 1978-82 30 100
Be 1982-86 30 . 100
Ce 1986-90 — 100
Sub=total 60 300
II. Second Stage
A. 1990-95 %5
Bs 1995-2000 2B
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 eaflier, For
internal network in new areas, the ratio of total length of 100 ma
pipe to 150 mm pipe per hectare served was increased from 1.85 to
4,0 per hectare. Computer studies of internal network indicate
that thie ratio of 100 mm 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 construociion cost of the
internal network,

Area Receiving Fire Proteotion

Because of the financial impact of the overall construotion
program on the oconcessionaires 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 thisg
is a commeroial and high-value area, the hydrants will have 150 mm
risers and be spaced at 150 m intervals., This can be acoomplished
at a construction cost of P5,000 per hectare. L

The areas outside the poblacion will receive fire protection
at later stages. The extension of fire protestion will gradually
inocrease, so that by Stage II-B the installatior of hydrants will
correspond with the construo%ion of the internal network., The
construction cost of hydrants in the less dense and lower valued
regldential areas is Pl,_GOO/heotm. Also, in Stage II - Phase B
allowanoe ig made for upgrading fire protestion in 50 ha of former-
1y low-value residential &rea %o higher-wvalue area. The sohedule.
for fire hydrant construction is listed below:

Area to Receive Fire Protection (ha)

Construction Period High~Value Area Residential Area
I, First Stage

A, 1978=82 30

B. 1982-86 30

Ce 1986~1990 100
II. Second Stage

A, 1990=1995 oy 165

Be 1995-2000 5 165

~
-/ Corresponds to upgrading of areas provided with residential
fire protection in earlier comstruction periods,
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Number of Connections

L The projection of the number of connections is obtained by
dividing the population served in the sub~gectors by the average
number of consumers per conneotion, The number of connections

projected for each sub-sectors is listed in Appendix Table IXC=5,

APPENDIX TABLE IX=Cw5
PROJECTION OF NUMBER OF CONNECTIONS

Number of Comnections? in
Service Area/Sub-Sector 197% 1980 1990 2000

A, Present Service Area

1. Ozamiz City-Poblacion 1,624 1,920 3,022 4,388

Be 1990 Service Area Extension

l, Ozamiz City=-Outside Poblacion 412 1,787 4,300
2, Clarin-Poblacion 340 544 800
3+ Clarin-Qutside Poblacion 125 600 1,429

Ce Year 2000 Service Area Extension

1, Ozamiz City-Outside Poblacion : 400 1,129

2¢ Clarin-Outside Poblaoion —_—— 500
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,

%Data were obtained by dividing the population served listed im
Appendix Table IX=C-=l Ly the number of censumers per connection from
Appendix Table IX=C=2,
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It is necessary to project the number of comnectiuns between
1975 and 1978, the first year of the proposed First Stage improve-
ments programe 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
yearse This is within the realm of possibility for water district,
Simply eliminating the estimated wastage at flat rate connections
(Ttem 200 of Table IV-5) will make available 410 cumd, which would
be enough water for 380 concessionaires at the present level of
consumption and estimated number of people per connection.

From 1978 tc 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 comstruction pericds
from 1990-2C00, The projections are listed as follows:

Number of Comnections Total Number of
Construction Period Per Construction Period Connectiona3

I, First Stage

A, 1978-82 1,500 3,350
Be 1982-86 1,500 4,850
Ce 1986-90 1,500 6,350

IT. Second Stage

Ae 199095 3,100 9,450
B. 1995-2000 3,100 © 12,550

The cost of conneotions wiil be shared between the water distriot
and the concessionaire, The cost of a 12 mm service comnection 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
?140 water meter (12 mm meter)s The service connection costs are
itemized below:

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

A, Service Connection Line

1, Concessionaire 244
2, MWater District 122

B, Water Meter

l. Concessionaire 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 problems It is anticipated that the existing service
lines will leak even more when the new improvements raise the
prespures 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 reduceds During the first two phases of tae Firat Stage
improvements the program should be concentrated in those areas
where the fewest number of replaced service lines will reduce
significantly the leakage. Theme areas should be identified in
the leakage survey recommended in the Early Aotion Guidelines.

The schedule of replacement is projected as follows:

Number of Existing
Connections Replaced Equivalent Ammual
Construction Period Per Comstruction Period Replacement

I. First Stage

A, 1978-82 200 50
B, 1982-86 300 &
Coe 1986-90 490 100

II, Seoond Stage
A, 1990-95 T24 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 pame as those
for new service line installation described in the previous seotion,.
The costs of meters is not inoluded since they are included im 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 construot-
ion costs for all construction periods are listed in Appendix
Ta.ble IX'-C"60
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AFT2lDIX TABLE IXwCw6
SUMMARY OF DISTRIBUTION SYSTEM COSTS

Construction Unit
Period Item/Descriptio Quantity Cost

I. PFirst Stage

A, 1978-82 Internal Network 30 ha  P16,600/ha
Reinforcement
New Service Area 100 ha  P17,700/ha

Fire Hydrants
High=Value Area 30 ha P 5,000/ha

Servioce Connections
Replacement 200 366
New Connections 1,500 P506
Sub=total (Rounded)

Be 1982=86 Internal Network
Reinforcement 30 ha  P16,600/ha
New Service Area 100 ha  P17,700/ha

Fire Hydrants
High=Value Area 30 ha P 5,000/ha

Service Connections
Replacement %00 P366
New Connections 11500 P506
Sub=~total (Rounded)

Ce 1986=90 Internal Network
New Service Area 100 ha  P17,700/ha

Fire Hydrants .
Residential Area 100 ha P 1,600/ha

Service Connections

Replacement 400 P366
New Connections 1,500 P506
Sub=total (Rounded)

Grand Total

IX=C=13

Construction
Cost (P)

498,000
15770,000

150,000

73,200

1222000

3,250,000

498,000
1,770,000

150,000

110,000
759,000

3,287,000
1,770,000
160,000

146,400

—l222000

2,835,000
99372,000

FeEeCe

(usg)

13,300
52,200

90,000

13,300
52,4200

24,000
90,000

52,200

24,000
76,000
256,000



/. PPENDIX TABLE IX-C-6 (Contimued)
SUMMARY OF DISTRIBUTIUN SYSTEM COSTS

Construction
Period

Item(Desorigt ion

IT, Second Stage
Ae 1990=-95 Internal Network
New Service Area

Fire Hydrants
Repidential Area

Servioe Connections
Replacement
New Conneotions

Sub=-total (Rounded

Be - 19952000
Internal Fetwork
New Service Area

Fire Hydrants
High=Value Area
Repidential Area

Quantity

95 ha

165 ha

724
3,100

)

35 ba

50 ha
165 ha

Service Connections

New Connections

3,100

Sub=Total (Rounded)

Grand Total

IX-C=14

Unit
Cont

?171700/h3

® 1,600/ha

P366
»506

$17,700/ha

59000/h
1,600/na

Construction

Cost (P

1,661,500
2644000
265,000

1,568,600

3,880,000

1,681,500

250,000
264,000

1,568,600

3,764,000
746444000

FeEeCo

(uss)

49,600

49,600 .
99,000

49,600

494600
99,000
198,000



APPREIAE YAILE TRl
PIAY TDUR CONDITION

VISAMIS DCCIDENTAL FUTURE TRANSMISSION LIMES ANG FEEDER MAINS YR 2000

TEPGT AND OUTPUT TN : Les
‘o OF NGDES 37
L QF PIPES 57
A% NO OF 17ERATTONS 20
©CAKIMG FECTOR 1.50000

SLLOW P=DAEOK FRISTATIC - PLT 36,0
LTATIO HSL FOR P-DrROP CALT 7060

aX UNBAL - LPS 0.10000
AK ALLOW VEL ~Mp3S 20000
TN ALLGw VEL - M8 C.400
SECALLOW HL O - M0G0 M 10«00
N OALLOW HL - M/1000 M 0«50
CAX ALLOW PRESS - ATM 7.000
TMNOALLOW PRESS - ATH 04700
'} OF HEADS 7O BE RFsD 2
PO OOE SNKEMDTElE CUNSUMPTTYONS 2
i OF FIXED DEMANDS 292495
WNOWIDTH x 7
TeRr 1 UNBAL %2,23 LPS
"ER 2 UNAAL 50456 LPS
TTER 3 UNRAL 23,92 LPS
"ER 4 UNBAL Te58 LPS
TER 5 UNBAL 0.%4 LPS
T 'ER 6 UNBAL Oe 04 LPS

>HUTIGN NOeo 1 REACHED IN & 1TERATICNS
0.0403 UNBALANCE



PIPE -

g

et pd e el et g

e e )
Yo I o< IEN ¢ N

20
21
22
23

-~

-
(4

26
27
28
29
30

31
37

-

33
24

35
26
37
38
39
40
41
42
43
44
45
46
47
48
49
50

(GRS A o IV, I~ S, NN NPT )

NGDE 3 DIk

CERUOM-TO MM
29 19 2¢U
19 18 200
13 Yy 208
17 16 200
16 3 200
3 + 150
6 4 200
6 T 150
7 &OALRG
9 8§ 150
9 1¢ 150
1 10 L5V
12 11 195
14 12 193
29 19 395
19 18 395
18 17 261
17 5261
5 & 200
5 3 156G
3 2 130
20 2 250
2 1 200
1 4 150
71 1 150
20 16 150
2 23 150
24 20 150
27 24 170
23 20 150
23 22 150
25 20 200
19 28 195
28 15 165
i5 2 195
29 19 300
19 18 300
18 37 261
39 37 296
27 25 200
pa 38 150
24 38 150
22 21 150
5 30 150
30 31 150
15 31 150
15 32 150
l4 32 150
30 7 150
31 8 1590

H=W K-VALHE

110
110
116
110
110
160
110

100
100

50
100
‘Oﬂ

120
120

110

11¢
RS
100
1900
110
110
170
100
105
130
11G
110
100
100
110
100
100
ino
120
123
11¢Q
110
110
140
100

100 -

100
100
100
100
100

100

100

0. 227E~-01
Do 111E -04
0.204E~- 01
NLENLE-D2

Ge925E-02
0.333E-01
0.114F=-D1
De053E-Ul
0. 472E-01
C.1Q2E 0O
N.7220-01
0, 718E-01
1.,1175-G1
Ue 843E-02
0.101E-02
U<344E-03
De557E~-02
0e405E-02
C03035‘02
0e44QE“01
0~120E-01
0.111E-01
De457E=02
DQDDBK Cl
G.777E-01
0+478£~01
0.987E-01
D.115%%7 DD
Ge251E~-01
0.2%1E~01
Cos78E-01
0.136E~-01
0.267F~-01
OalSUE“Ol
0.1G92E~01
CeICTE-QZ
0e0131E-02
u.léOE OL
0.339L 02
0e526E~02
G. 125k 00O
0.5G8E-01
005385‘01
00897E'01
0,478E-01
0.718€E-01
0.718E-01
007485'01
0.688E-01
0,598E-01

FLOW

164356
1.38
39.82
4175
389.33
16451
18,26
Tel5
2.52
2"“
2.00
4083
17469
4} .99
106492
74.36
82,19
72483

39.03

12417
106470
41456
31029

1.89

1.4}

4095
16.33
172,25
18440

'4060‘

7.21
40442
41.18
34a %9
17 28
36 0?

1.80
5045
50604

2416

Oe4l
18467
11.53

2a31

7452
176
1276

4.82

5428

——VF'_-
OG- CK

Ceb?2
0s 36
1e27
1053
l. h-
2.82
0458
0.4G
C.14
Ouis
C-1ll
Ce27
Ca59
latl
087
0.061
150
la36
1.24
Cab9
095
132
100

Osll

0.08
0.28
0.92
069
1.04
0.26
0a.41
1.29
1.38
1.16
0.58
0.73
0e51
0.03
0e13
le52
0.12
.02
1,06
0.65
0.13
0.43
0.10
Oe72
0s27
0.30

LG

Lo
Lo
.0
LC
LS

L0
L0
LG

-
[,

LG

Lo
Lo

—~HEADLOSS =

MT MT/1030 CK

50679
1.00
18,71
8.05
7692
5.0C
20“6
2eb%

0e26 -

0.56
0e26
1.32
2038
Bels
Se 79
1.00
18,71
11.39
T212
4,58
2e 20
1105
2e69
Cel2
0.15
Oe G2
17.39
12420
5451
Go&2
l,86
12.82
&6a06
iC.56
3.75
5.79
100
0.02
4,82
1296
0.54
001
12415
8,30
022
3.01
0.21
8,35
1.26
130

2219
1.12
11.34

L-_!.:IC .

10.57
Beh 7
2¢63
2:22

22

0433
Ga22
1,10
3,41
1€485
2"‘ 7\-"':'
1elz

o -~
el

[N

11e24

Qe 4G
JO.36
o ll
10499
12.28
Ta26
0a1¢
0,11
lelb
1054
S.1%
11e02
l1.01
2432

11,566 1}
16,29 i

11.73
226
2a18
l.12
Ov 01
Z¢ 50

1731 hi

0,25
.01
13051
5.5%4
0e2%
2e.51
0a17
£e 68
1.10

.20



NODRES

N5 Ry

RS I T

Dia
FROM~TO MM

OWwWWmE PO

150
230
271
150
150
150
i00

REK

100
11C
119
100
100
100
100

K=-VALYE

0e473E=01
0; 844E-02
0.0605E+-02
Qe &653E~01
Oe419E- 01
0.658E-01
0.181E 00

FLOW

1062
65465
61437
5<31
1e1l9
12.25
1.58

~=-VEL~-~
MPS=-~CK

0«60
1,58
1,17
0e30
Cel?2
069
0.20

Lo
Lo

LO

--HEADLOSS -~

MT MT/1000 CK

3.80
194657
14470
la4h
0.18
6.82
0e42

4.71%
14,5 %¢
te34

290
R Yt

05720
te 20
1.01

HY



NODE

o RN RSB o NN TR A SRV IR AN o

GROUND

ELEV,

¢ O & » € » ¢ ® & 5 8 s ®

b PO (RS IS W —
e ¢ o o & & 2 o @

O -
=N VIVTVIUNTIW OO OWNWUUIOOWOOm M N b N T b e

—

e & ¢ B ¢ o & 2 o o

OOVUVIODODOCOOUDNOOCOCOOC OO MOVUITUVIVI VIO VO WUV ®

W
@® O
®

6360

FLOW

-30.81
-26e97
-19.27
-34.64
"10005
-13.78
-Ga.34
-12. 76
'"1.7-4‘{*
-12.86
~12,05
"'6.94
-10089
~7.93
-~ 27
“5043
0,0
-12.15
-12625
~17426
11.46
“209?
A 3
‘7.45
34472
-6.68
2420510
“#eél
“4055¢
‘3091
-1l.72
~-2412
‘:olq
-2.20
~Ze57
50045U

HGL
FLEV
?34.64U

254324
28.52U

23,52V

23,11V
25.98U
23.54U
23.28U
23.84U
23.581)
74490U
270 29U
20.47U
35.73U
274 59U
36.45U
449 49U
636 20U
64421U
27.27U
23, 78U
35.54U
27.79U
49.6TU
50,204
£5.18U
38.15U
70.00

244 80U
24458U
27.38U
55.30U

19.02U -

130 85U
63.18U
49¢ 66U
$3. 00

HEAD
MTRS

21484
240 82
26.52
22402
21,11
24 e 48
224 0%
21.78
22434
22,08
23.40
25429
18.97
27.73
17,59
33.45
34249
43¢ 20
36,21
34.37
2lo 78
32.94
29,179
29.67
32.20
52418
23.15
5.00
19.80
19.538
21.38
43.30
17.52
1735
32.18
31,66
5200

ATM=—~(

2611
240
2.57
2413
3.01
2e37
2.13
2s11
2.16
2.14
2627
2,45
1.84
1,70

24
3+34
4ol 8
3,80
3233
2211
3.169
2+ 88
2,87
3.12
5605
2.25
0.48

" 1.92

1.90
2.07
4.19
1.70
1o68
3621
3.06
0e 48

PRESSURE m==wwmm

K

L0

LO

PCT DROP=--(K

67098
63e 7C
61.00
67e85
54426
64426
67eB2
68.21
67425
67477
65.84
0l.81
72430
55.27
70 €S
50.08
42.51
13,56
12.87
48470
67«96
50,84
51+94
40666
36.08
22612
57.91
0.00
69,53
69.88
66459
25435
74442
74468
17.0¢
39,12
2857

HI
HI
1
H1
HI
HI
Hi
HI
H1
H1
H1
HI
H 1
M1
H1
H1

H1
HI
H1



APPRENTY PABLE 1-C-8
FILLING COEDIFION

“TSAMIS NCCINENTAL FUTUSE TRANSMISSION LINES AND FEEDFP MAINS YR 2000

TRLT OAND CUTPUT IN “ LPe
py OF NODES A 27
Ny DFE PIPES =7
AX NG GOF ITERATIGNS 20
claRING FACTOR " 0430000
LLLOW P-DROP FRFSTATIC - PLT 5(.0
STATI( HO. FOR @=DRNP CALC  70.0
o X UNBAL = LPS 0.10000
wAX ALLOW YEL —-MPS 2,000
SN ALLCK VEL = MPS 0,400
waX ALLOW HL -~ M/10C0 ™ 10,00
v, 'N ALLOW HL ~ M/Z1000 M G50
-AX ALLCW PREZS -~ ATM 7,000
1N ALLOW PRESS - ATM 0,700
Wi OF HEADS TO BE READ 2
M1 OF UNKNGWN CONSUMOTIONS 2
S 14 OF FIXED DEMANDS | 33.10
“ANDWIDTH : : 7
TUER 1 UNBAL 38691 LPS
TTER 2 UNGAL 37.80 LPS
1 "ER 3 UNBAL 9.53 LPS
. "ER 4 UNBAL 1498 LPS
- 'ER 5 UNBAL 1.05 LPS
YER & UNBAL 0.15 LPS
JER 7 UNBAL 0.00 LPS

<

RATINNS

m

' JLUTICN ND, 1 Q@FACHED IN 7 1T
0.,0029 . UNBALANCE



IPE NODES niA L M-W  K=VALUE FLUN  ==YEL-= ~=HEADLOSS—~-

W FRH-TI MM MTRS C . MPS-~CXK MT MT/1070 (X
: 24 L9 200 2650 110 Q.3227%-01 - 4325 Q0eld LD 0450 0,19 L0
2 19 18 200 300 110 0.111:-71 3a%L 0ell L0 0.l 012 L2
3 18 17 200 1650, 110 0.2046-01 o877 0021 L0 0485 0.50 1D
4 7 16 230 650« 110 0,803E~Q2 5471 - 0el18 L3 0,20 Us31 LD
5 16 3 200 780, 110 5.%26F-~02 T.2 0a22 LD Q435 O-98 10
& 3 4 153 590. 100 G.353E-01 - 2.97 0.17 LO 0,26 0,45 LU
7 6 4 200 920. 110 O0.114E~-01 2440 0,02 LD Q.06 006 LG
8 K 7 OLECG 1100. 100 0.652f--91 1,91 0411 LD Q.22 De20 LN
G 7 8 150 B00. 100 0,%78E-~01 0.8¢ (.05 LO 0.94 0.85 L2

10 9 3 150 1700. 100 0,.,122E Q0 Celd 0401 LO 0600 0,00 L4

il 9 10 150 1200. 100 0Q.718E-01 0.53 Q.03 LD (.02 «22 L0

12 il 15 150 1200, 100 ©C.718E-D1 0,20 €.05 L2 0J.06 0.0% LG

13 12 11 168 700, 100 0.117F-01 3e%T7 0412 LT 0,12 0.17 10

14 14 12 195 500 100 0U.8332-02 B:¢33 0e28 LD 0042 Ud EH

i5 2 19 385 2650, 120 0:191%-92 2%.44 0623 LO T.50 0,19 D

16 19 18 395 G00. 120 0.344F-03 224268 0418 LO 0.11 012 LD

17 18 17 261 1650, 110 04557F-Q2 13,23 0625 LO 04606 G40 LO

i8 1 5 261 1200, 11¢  25405E£-02 1299 0a24 L0 Qs47 0039 {0

16 5 6 200 £50. 110 0.802£-02 T.07T 0422 L3 0430 ° 0.46 0

20 5 2150 750s 100 09,6492 l1a48 0208 L0 0.0° 0e12 LG

21 3 2 150 200, 100 0,120e-01 1e85 0010 LD 0404 Da19 LO

22 20 2 200 200. 110 O0.111E-01 10.05 (.32 LG 0.80 0.89

23 2 1 2070 270 110 D.457F-02 5:5C 0eZl LU 06lS G+40 LO

Pl 1 4 150 590, 100 00353E-0) 1.57 (405 LG (J.408 0o 14 L0

25 21 1 150 1300, 1100 2.777F-01 1.22 0.07 LO Q.11 0.09 LO

26 20 16 150 300e 100 QOe478z=-uUl 3¢l 0,18 LO " 0.40 0,50

21 27 23 156 1€50. 100 0.987F~-01 15676 0a84 14442  Bo74

28 24 20 152 237G, 1.0 0.119F 40 10.32 0.56 84596 3.78

29 27 24 150 500, 110 04251E=01 1996 1el13 6ab4l 12482 HI

30 23 20 150 420. 100 0.2515-01 7«07 (a4 LO 0o09% 2523

31 23 22 150 800. 10U 9.,4708E-01 465 N.25 L0 0.32 1.04

32 2 25 200 1100« 110  0,136t-01 4415 @13 LT 0419 Gel7 LO

33 19 28 195 1600, 100 0,257E-01 7,69 0.26 LD 1.17 0e73

24 28 15 165 900 100 (0al50E-01 636 0a21 LD Qe4b 5,21

35 15 9 195 1150. 100 0.192E-01 3422 0.1 LO 0617 0.15 LG

36 29 19 300 <co50e 120 0.237FE-02 13.80 0.20 LO Q.50 0.19 LC

37 1g 18 300 S00. 120 06131F-02 10,80 Q.15 t0 Q.11 0.12 LO

38 18 37 "261 zz50. 110 0.760E-0C2 16468 06,31 LD 1.39 0.62

39 37 29 296 1850e. 110 06329E-02 26487 0.39 LO 1.50 0.81

40 25 37 200 750¢ 110 04926E-02 10662 0634 LG QeT74 .98

31 38 25 150 2150 100 0.129F 00 797 0445 5401 2. 820

42 24 38 150 1000. 100 0.598F-01 8+49 Q.43 3.14 E

43 22 21 150 900, 109 00, 538F-01 4468 0s2¢ L0 Lo G4 1,04

44 5 30 150 1500. 100 40.0357E-01 2444 0414 LS 0047 .31 LO

45 30 31 150 800 100 0.478F=01 Ce7i 0404 LY 0.03 0.02 1.0

46 15 31 150 1200« 100 0,718&-01 1o24 0607 LC 0Qoll Da 09 L

47 15 32 150 1200. 160 D,718E-91 0,31 0.02 LO 0.01 G.01 LO

48 14 32 150 1250, 100 0,748&8=01 2653 0414 LT Q442 0.23 {0

49 3 7 150 1150. 100 0.688E-01 085 0605 L0 DeB3 Go04 LO

50 31 8 150 1000. 10U 0.595E-01 1.04 0,06 L3 Q.09 0.96 LU



PE" NODES Gla L =W K-VALUE FLOW  ==ViEL-= ==HE&HL D55~

0 FROM-TO MM MTRS C MPS=-CK MY MT/1000 (K
51 3z 10 150 BO0n 100 Je4TBE-U1 2e¢06° 0412 LN 0O.l8 023 LO
52 33 14 230 1350e 110 Qo84%4E£-02 1304 Qo331 LT 0R,98 Ba73

33 2¢ 33 27% 2150. 110 Q.02%E-02 0 LI 38 0.22 L0 0.74 2:34 LO
54 13 34 150 1100 10U UJeb653E=~0] 1e06 0e06 LU 0e07 geC7 LD
55 34 35 1&7% 700, 100 0,4197F-01 Nyd4 0,32 LD §o01 6,01 L0
58 12 13 150 1100, 100 3.,6585-01 Zeb 0414 LO 0.35 D.34i LD

56 23 20 100 420G LU0 24181FE 0O 2642 0.21 LO 0.9% 2e23
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2500

3e0
2,0
3.0
8.0
20.0
i8.0
3.0
15,0
65,0
5.0
560
660
12.0
le3
le5

A4y
e R

180
620

FLOW

"6.16
"5439
e 85
"'6'93
'(?Gol
=2 76
~-1.87
-2.06
-2.5%
"‘_,‘qu»‘;
-2 57
~2041
—.1.039
~2s18
"‘le 52
"1.67
~1.0¢
0.0
~2e43
—3045
0.0
~0459"
-1.15
~1.49
34472
~l.34
59,.,98U
"008.8
”U.")l
-0078
—003‘?
"0.62
-0.44
"'On'{"!\*
"0.51
‘26087U

HGL
ELEV

6TeS53Y
68130V
6.5 0
67490U
£2,26U
674960
57e74U
7,704
ETaTLU
&7.£68U
6T7.750
&Te 86U
ET.510
53423U
675 87U

684353U .

6847320
6%¢ 35U
£G4 50U
6B8e 93U
08010V
69,034
696 87V
7176 89U
£8.74U
E4e 20U
€8.33U
70.00

67.79U
5T« 77U
67,87U
&9, 26U
tTett5)
€7e43U
68.00U
T4, 75U
£6e 59

HZAD
MTRS

6[’0- 18
66463

t..‘-i('la 1 Y

66440

b4 28
b6. 46
b6be 24
6'(:1. 20
66.21
é.’:'f. 13
564 2%
65,8¢
66.C1
60,28
57«87
62e 55
58473
4G4 39
44,50
6593
£€a10
66403
ole87
57083

50.74

8le 30
53.33
£.u0
6279
02«17
6l.£7
5726
€5.94
65.93
38,00
56475
3¢ 50

e arm o se PRE G SIYRE m e rwm e

ATM=-~CK  PCY DROP=~=~CK
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G 45
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be 43
5443
fa sl
be %l
be4l
be4l
6+41
638
£039
584
55 60
5,34
5469
4478
4e31
Ge 38
€o 40
He39
e 99
S5¢ 60
4,91
787
5¢16
0.48
6608
6,08
5«99
5« 54
638
6.38
3.58
5¢49
N34

2096
de7
2469
3e06
© 2456

2498

3,30

3,3F
3.35
3,38
3429
315
3653
2477
3e5%
2.20
2.12
1,21
1.11
1.60
2080
l.44
0e22
"1 5078
243
HI ~21e34
303
Lo 0.00
3.39
543
3433
1227
2.74
375
5.00

'9013 :

Lo 50,00

HI
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APPENDIX X=C
ECONOMIC BENEFITS

Inorease in Land Values

Appendix Table X-C-1 shows the present value of benefits asge~
ciated with "increase in land value", based on the following
asgumptions:

1, In accordance with the staging program of the constructe
ion of facilities, the service grea was projected to
increase annually by 27.5 ha from 1978 to 1980, by 26 ha
from 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
assuned to remain unchanged during the 13-year projection
perdiod.

3¢ The 1975 costs of land are:

Residential ¢ P40 per sqm
Industrial ¢ PS50 " 0w
Commercial s P85 n w

4. A disoount factor of 12 per cent was used to obtain the
present day values of the benefits. This is believed to
be the opportunity cost of capital and is commonly used

for public investment projects like water -resouroce
development.

Gl



APPENDIX TABRE X-C~1
INCREASE IN LAND VALUES

Present

Benefit Due Discount Value of

Gnxp)

P 2,62
2469

2,76
2,69
2. 5
2,03
2,91

2,98
3652
354 -
3672
3.83

Land Use (sqm) Cost of Land/sqm* Cost of
Year Commercial Industrial Residential Commercial Industrial Residential Ted Lg.nd To Increase Of Factor*™Benefit
in M P
1975 r 85 P 50 P 40
1976 97.T5 575 46
1978 22,000 11,000 242,000 129.27 76,04 60,84 P 18.404
1979 22,000 11,000 242,000 148,67 87.45 69,96 21,163
T 1980 22,000 11,000 242,000 170,97 100,57 80445 244337
t 1981 20,800 10,400 229,000 196,61 115.65 92,52 26,500
1982 20,800 10,400 229,000 226,10 133.00 106,40 304452
1983 20,800 10,400 229,000 260,02 152,95 122,36 35,020
1984 20,800 10,400 229,000 295,02 17589 140,72  40.274
1985 20,800 10,400 229,000 343487 202,28 161,82 464313
1986 24,000 12,000 264,000 395.45 232,62 186.09 61.410
1987 24,000 12,000 264,000 454,77 267.51 214,01 70,623
1988 24,000 12,000 264,000 522499 307.64 246,11 81,220
1989 24,000 12,000 264,000 . 601,43 35379 283,02 93.400
1990 24,007 12,000 264,000 691,64 406,85 325.48 . 107,410

#*Disoounted at 12 per cent.

¥Esoalated Wy 15 per cent SVery year,

Land (in X P)

1,000

0.893

0.797

3.68 0.712
4.87 0,567
530 0,507
6,09 0.452
7Qw 0.404
8.05 0.361
9.24 0.322
12,28 0.287
14.12 0.251
16424 0.229
18,68 06205
21,48 0,183

TOTAL

3493

P40, TT



€=0~X

APPERDIX TABLE X=C- 2

HEALTH BENEFITS

Projeot Area Cost of Time Economic leoss Costi of

Year Population Lest Due to Due to Premature MNedical
Illness™® Death* Expense*®

1978 79,943 P 27,380.50 P 192,303 P 95,492
1979 82,741 28,339 199,033 98,834
1980 85,500 29,284 205,670 102,130
1981 88,322 30,250 212,459 105,501
1982 91,236 31,248 219,468 108,981
1983 944247 32,280 226,711 112,578
1984 97,357 33,345 234,192 116,293
1985 100,570 34,445 241,921 120,131
1986 103,889 35,582 249,905 124,095
1987 107,317 36,756 258,151 128,190
1988 110,858 37,969 266,669 132,420
1989 114,517 39,222 275,471 136,791
1990 118,400 40,552 284,811 141,429

*Escalated by 10 per cent every year.

#Discounted at 12 per cent.

Total

BEscalated

Total

40%  Discount Present
Reduction Facter®® Value

315,176 P 460,157 P 276,094

326,206
337,084
348,210
359,697
371,569
383,830

525,192
596,639
679,010
769,752
876,903
994,120

396,497 1,130,016
409,582 1,286,087
423,097 1,459,685
437,058 1,660,820
451,484 1,887,203
4669TR 2,147,243

315,115
357,983
407,406
461,851
526,142
596,472
678,010
171,652
875,811
996,492
1,132,322
1,288,346

0,712 P 196,579

0.636
0.567
0.507
0.452
0.404
0.361
00322
0.287
0.251
0.229
0.205
0,183

TOTAL

200,413
202,976
206,555
208,757
212,561
215,326
218,319
221,464
219,829
228,197
232,126
235,767

r2,798,869



1978
1979
1980
1981
1962
1983
1984
1985
1986
1967
1968
1989
1990

Served

23,688
25,275
26,900
28,783
30,798
32,954
35,260
37,729

409370 '

43,196
46,219
494455
53,000

APPENDIX TABLE X-C-3

PERSONAL SATISPACTION EENEFITS

No, of
House-
holds
3,644
3,888
4,138
4,428
4,738
59070
59425
546804
6,211
6,646
7,111
7,608

8,154

Nillingness

9123211)2 ;!*
P437,280
466,560
496,560
531,360
568,560
608,400
651,000
696,480
745,320
7974520
853,320
912,960
978,480

#Egealated ky 6 per oent every year,
*Digoount at 12 per ocent,

XeCundf

Willingness
to Fay*  Disoount
Ezealated Faotorit
P 550,973 0.712
625,190 0,636
705,115 04567
797,040 04507
904,010 0.452
1,028,196 0,404
1,165,290 0,361
1,323,312 0,322
1,498,093 00287
1,698,718 0,257
1,928,503 - 04229
2,191,104 04205
2,485,339 0,183
TOML

Present
Yalue

P 392,293
397,621
399,800
404,099
408,613
415,291
420,670
426,106
429,953
436,570

. 441,627
449,176

454,817
$5,476,736



Year

1978
1979
1980
1961
1982
1983
1984
1985
1986
1987
1988
1989
1990

Coat of

Skilled Labor

14,200
15,225
35,025
16,825

5,825
8,925
84925
8,925
84925
17,050
6,350
64350
6,350

APPENDIX TABLE X-’-4a

Cost of

P 205,500
304,750
478,750
336,750
116,750
179,000
179,000
179,000
179,000
339,750
126,750
126,750
126,750

¥Escalated by 10 per cent every year,
*Discounted at 12 per cent.

X=C<5

SHORT-TERM EMPLOYMENT BENEFITS

Total

219,700
319,975
513,775
353,575
122,575
187,925
187,925
187,925
187,925
356,800
133,100
133,100

133,100

Escalated

Total

£320,762
515,160
909,382
689,471
262,311
443,503
486,726
535,586
590,085
1,230,960
505,780
556,358
612,260

TOTAL

0,712
0.636
0.567
04507
0.452
0.404
0,361
0.322
0.287
04257
0.229
04205
0.183

Discount Present
Unskilled Labor Labor Cost Labor Cost* Factor* Value

» 228,383
327,642
575,620
349,562
118,565
179,175
175,708
172,459
169,354
316,357
115,824
114,053
112,044

2,894,746



Annual Salaries

APPENDIX TABLE X-C-4b

LONG=TERM EMPLOYMENT BENEFITS

Annual Salariass

Year Under Present Staffing Under Proposed Staffing Salary Discount Present

Arrangement* Arrangement* Difference Factor** _Value
1978 P179,735 P 335,527 P155,792 o712 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 0452 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 0322 132,093
1986 385,277 838,049 452,772 v287 129,946
1987 423,805 919,134 495,329 257 127,300
1988 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
TOTAL *1,588,898

*Escalated by 10 per cent every year,
**Discounted at 1” per cent.



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 assuned to be directly related to the portion of
the study area with fire hydrants,

In 1978-82, 30 high-valued hectares of the present servioce
area will be installed with fire hydrants; in 1983-86, an additicnal
30 ha will be protecteds From 1986 to 1390, 25 low-valued hectares
will be ocovered every year, In the meantime, the service area
itself was projeoted to increase by 27,5 ha every year from 1973
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 millionr.
In the absence of similar information on Clarin, it was assumed
that fire damages there amouv.:t to an annual average of P466,000
This was obtained by correlating the ratio of annual fire loss in
Ozamiz to the number of dwelling units in the core oity (800) and
applying the same ratio to Clarin which has about 300 dwelling
unitse Taken together therefore, estimated annual loss due to
fire in both Ozamiz and Clarin amounts to Pl,709,000,

Since P1,709 million represents damage to the entlre 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 anunual
loss due to fire in the portion of the service area with fire hydrants
was determined in the following manner: : : .

No, of hectares with irstalled fire hydrants _ .
M‘
No. of heotares in service area x P1,709,000

It was further assumed that the annual logs 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 valuese
The canual loss i the suocoeeding years up to 1990 was escalated
by 10 per cent due to inflation. Appendix Table X=Cu5 ghows the
computations of the fire protection benefits in Ozamis,

X=CesT



APPENDIX TABLE X~C-5
FIRE PROTECTION BENEPITS

Average Escalation Reduction Fire
Year Anmual Loss Due to Due to Discount Pretection

Due to Fire Inflation# Project Faoter** Benefjits
1979 P 56,341 P 90,709 P 45,355 0,636 28,846'

1980 88,397 156,463 78,232 0,567 44,358
1981 123,245 240,328 120,164 0.507 60,923
1982 153,503 328,496 164,248 0.452 744240
1983 180,021 424,850 212,425 0,404 85,820
1984 203,452 526,941 263,471 0.361 95,113 .
1985 224,306 639,272 319,636 0,322 102,923
1986 242,986 162,976 381,488 0,287 109,487
1987 327,173 1,128,747 564,374 0,257 145,044
1988 403,412 1,532,966 766,483 0,229 175,525
1989 472,117 1,976,208 988,104 04205 202,561
1990 536,157 2,466,322 1,233,161 0,182 225,668

TOTAL P1,350,508

*Esoalated by 10 per cent every y.ar,.
##Discounted at 12 per cent.

X8



Reduotion 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}

1l On the basis of field surveys, the number of dwelling
unite in the core city was estimated to be 800, Of these, it was
assumed that -only 9 per cemt (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 T2
insurable dwelling units are actually insured, equivalent to 36,

3. The dwelling units were classitied into 64 per cent
residential and 36 per oent commeroial, The number of institu-
tional and industrial establishments proved to be insignificant
for further computations, This classification was based on the
ratio of service connections by consumer category over the total
number of connections.(Refer to Chapter IV, Table IV=3,)

4. Based on the projections in Chapter IV, the service
connections in Ozamiz for all consumer categories are expected
to inorease 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 domestio units would inorease at the same rates.

S« The assumed standard value per unit and the corrssponding

premium rate for buildings in provinocial areas (balod on the general
tariff rates set by the Philippine Insurance Rating Association)

are as follows:
Value t Prenium[!oar

Residential P 75,000 P 422,25
Commercial 100,000 1,250,00
Industrial - 100,000 1,250,00
Institutional 100,000 500,00

6o The level of fire insurance cost was derived by multiplying
the number of insured dwelling units in the core city by their cor-
responding premiums and summing their productse

X=C=9



Te It is probable that the level of fire insurance costs may
be expecied 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 urbani-
zation, additional dwelling units made of stronger materials are
expcctd to be constructeds Accompanying this activity, other fire
proteoction techniques in building construction would be considored,
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-f
to illustrate the impaot of an improved water supply system.

X=C-10



APPENDIX TABLE X~(wb
REDUCTION OF FIRE INSURABCE COSTS

Escalated

level of Level of Reduction due Disocount Present
Year Insupance Cogf_a Inaura_.ygg Coat!t o Pro jeot Faotorﬂ'_v&
1978 »28,056 » 40,962 P 13,517 0.712 * 9,624
1979 29,729 47,864 15,7% 0.636 10,846
1980 - 30,151 " 53,367 17,611 0567 9,585
1981 31,823 62,055 20,478 0,507 10,382
1982 32,668 69,910 23,070 0,452 10,428
1983 34,340 81,042 26,744 0.404 10,805
1984 36,012 93,271 30,779 ' 0.361 11,111
1985 38,107 108, 605 35,800 0,322 11,540
1986 39,778 124,903 41,218 0,287 11,830
1987 41,873 144,462 47,672 0s257 12,252
1988 43,968 167,078 55,136 0,229 12,626
1989 46,062 192,539 63,538 0,205 13,025
1990 47,735 219,581 12,462 0,183 13,261

TOTAL 146,915

. #Egcalated by 10 per cent every year,
*#*Discounted at 12 per cent.

X=C=11



Year Exggndituro

1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

Capital

P 1,222
24679
6,206
8.283
64539
4.248
2,623
2,865
3.154
4652
84464
9451
5.038
50448
3.393

fnnual

APFPENDIX TABLE X=CwT7

ECONOMIC COSTS
(in million pesos)

Discount

Capital Annual
rati

Operating Depreciation Factor Expenditure* |

F .315
349
536
588

1,045

1,148
1,085
1.191
1.511
1.672
2,057
2,366
2,651
2,898
34353

*Disoounteé at 12 per cent.

*Foreign axchange component and wn
to shadow prioing to arrive at

P ,026 1,000
«032 0.893
«081 0.797
164 0.712
«283 0,636
544 0.567
«634 0.507
«634 0452
o758 0,404
«830 0361
0932 0,322

1.112 0,287
1.312 06257
1.424 0.229
1,546 04205
Sub~Total
TOTAL

X012

P 1,222 P o315

2,392 312
4.946 o427
54897 419
4,159 «665
2,409 «651
1.330 550
1,295 538
1.274 <610
1.679 604
2,725 662
2.712 679
1,295 «681
1.248 «664

0696 «687

P35.279**  PB,464

PEZE;OB

skilled labor cost are still subject
tinal total economic cests.

Depreciation*

P ,026
«029
065
0117
«180
308
321
0314
<306
«300
«300

o313




APPENDIX TO CHAPTER XI



A NT |

Seuree Developamat
Souroe Transmission Line
Treasaission Linss
Storage Tank
Distridution Nains
Internal Network
Mainistration Building?
Servioe Connection:

s) Piping

b) Neier
Euipaeat

Total Cost
Land

Total Project Cost

APPRDIX TABLE XI- B-1
PROJECT COST OF RECOMENDED PROGRANY

MIS/NIS OCCIDENTAL WATER DISTRICT
(NITHOUT ESCALATION)

1222 217

 x 1000

Sarvice FKC
it (O 1916 197 1978 1979 1980 1981 1982 1983 1904 1983 1986 1981 1988 1989 19%0
50 A3 153 M4 B8 088 44 - - - - - - - - - -
50 26 - 171 745 1489 145 - - - - - - - - - -
50 26 366 794 1588 1588 1588 794 - - - 186 1614 1614 = - -
50 o - 65 565 565 - - - - - - - - - - -
50 23 - 109 236 4AT1 411 576 454 455 455 601 626 798 798 198 399
50 19 - 169 336 612 612 841 612 612 612 87 605 537 N7 531 269
50 43 M A a8 - - - - - - - - - - - -
50 0 - 48 48 158 158 158 158 158 158 58 158 158 158 158 158
15 100 = 22 22 n n ) T T 2l T n ) 4] 7 T
25 81 388 _ & _- - - - - - - - - - - - -
951 2337 4909 5902 4149 2440 1365 1356 1356 1823 3074 - 3178 1564 1554 897
21l = = = I = = = = = = = = =
4909 5902 4149 2440 1365 1356 1356 1823 3074 3178 1564 1564 897

2817
3150
10132
1195
7257
7998
956

422
36,865
ﬁ
37,136

11acindes design (firet year of each mjor seguant of development), supervision of construstion, comtimgencies and legul and adninistrative
costs spread wiaiforaly duriang tho pericd of construction. :

21:01:6.. seter repair facilities and ladoratory equipmant.



APPEEDIX TABLE XI. p-2

FROJECT COST OF RECOMMENDED PROGRAX
NISAMIS OCCIDENTAL WATER DISTRICT
(WITH ESCALLTION)

# x 1000
Servios FIC
PR WY | Jige () 1:16 1971 1978 1979 1980 1981 1382 1983 1984 1985 1986 3907 1968 1309 1990 Ietel

Ieaalation Factor 1600 1612 1625 1440 157 1473 1,90 2,09 230 2,53 2,74 296 3419 345 deT2
Source Transmission Line 50 26 - 9 931 2085 - 1170 - - - - - - - - - - 2717
Treamission Lines 50 25 366 889 1985 2223 2493 1374 - - - 471 M2 M - - - 19000
Storage Tank 50 6 - 73 706 191 - - - - - - - - - - - 1570
Distribusion Naine 50 23 - 122 295 659 740 997 882 951 1047 1521 1715 2362 2546 2753 1484 18074
Ixternal Network 50 19 - 189 420 941 1055 1455 1277 1405 1546 2042 1658 1590 1713 1853 1001 18145
Muinistretion Building 50 43 44 483 601 - - - - - - - - - - - - 1128
Sarvice Connections .

a) Piping 50 o - 54 60 2291 248 273 300 330 363 400 433 468 504 545 588 ~ 4787

b) Neter 15 100 - 25 28 9% 12 123 135 148 163 180 195 210 227 245 264 2154
Ruipsent 25 81 38 U = o S R e = = = = = = = = —A82

Total Cost 951 2617 6136 8262 63515 4222 2554 2834 3110 4614 8423 5407 4990 5396 3337 73417
Jamd 21 )

1222



APPENDIX TABLE XI-B=3

METER3IRTPLACSMENT SCHIDULS
MISAMIS OCCIIZINTAL WATIR DISTRICT

W

1976 Cost Level Escalated Cos Total
(® x 1002) (* x 1000) Book Value
Cone Replace~ Total Cone= Con= of Maters Cuzue hetiree Annual  Cunmu- Net

Bev verted zent due Jonversion New version Escala- Nev versions (Yr. End lative =ments Depre~ Lepre- lative Asse*

Con- Flat to Depre~ azd Re- Con= and Rew tion Con- and Ree- and Zefore Book (Cunu- ciatle ciation ITepre- Acsete Value
10_11'_ nections Rate Tetal ciation rlacezenis nections placenents Factor neetions placezents _Retlrezent) Talue lative} Value EXpence clation Adled Meta=s
1975 1196 . 1,0 - - 227 121 - 106
1976 1196 1.0 5 - 227 227 15 212 14 120 - 92
1977 114 212 1s22 80 292 22 55 1,12 25 62 314 227 +15=30 197 13 118 67 166
1948 114 214 18%0 80 294 22 56 1.25 28 70 412 314 +15=45 269 18 121 98 246
1979 375 - 2225 80 80 7 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 al 15 1.75 123 26 817 668 +15290 574 39 168 149 559
1982 375 - 3350 80 80 11 15 1.9 135 29 981 817 +15=10% 712 47 200 164 676
1983 375 - 3725 80 80 71 15 2.09 148 31 1160 981 +152120 661 57 242 179 798
1994 375 - 4100 80 80 7 15 2.3 163 55 1358 1160 +15=135 1025 €8 295 198 y28
1985 575 - 4475 [1¢ 80 " 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 - 5224 80 80 bal 15 2,96 210 44 2066 1812 +15=180 1632 109 534 254 1352
1988 375 - 5800 80 80 " 15 3,19 2217 48 2341 2066 +15=195 1871 125 644 275 1502
.1989 375 - 5975 80 B8O T 15 3.45 245 52 2638 2341 +15=210 2131 142 714 297 1657
1990 315 - 635v 80 B8O . 71 15 3.72 264 56 2958 2638 +152225 2413 161 917 320 1816

dcost of Xeter = 1%



APPRIDIX TABLE XIL,C-l

PROPOSED STAFFING PLAN
NISAMIS OCCIDENTAL VATER DISTRICT

ONGANIZATIONAL UNT?

Average Salzry ms-ny 1978-79 198382 19 198728 1990-91
1976 Level) Jamber of Salaries’& JNumber of Salaries & Mumber of Salaries & Number of Salaries & JMumber of Salaries & JFumber of Salaries &
Positions Banerjte3 [Popjtions Begefits  FPositiops Benefits Posjtions Benefits Posjtions Benefits Positions Benefits

General Manager's ’
23166 2 33977 2 45186 2 60138

Ofrice 1 2 79845 2 106345
Muinistrative Dive 9 . 41128 7 76445 7 101664 8 159339 8 211585 8 281809
Offics of the Chief . — .

Enginear "2 4325 3 33976 3 45188 3 60137 3 79845 3 106345
Production Divisiom 8 28417 8 67106 8 89244 10 150882 10 191627 10 . 255230
Construction and Maime
tenance Division 8 29730 1 471451 8 68907 9 100728 9 133736 9 178125
Commercisl Division 15 £2200 19 108612 19 144597 23 233027 23 309393 23 412084
Totel Positions and

Sslaries 43 178366 48 367567 41 494766 55 764251 55 1006031 55 1339938

1/ Piscal year 1976=TT showa projescted actual salaries. Roorganization starts in 1978,

2 Salaries slown above imdicate inoreases froa cwurrent lavel and i.-puu improvsd
o-ptom/pﬁm and greater responsibilities,

2 A11 bemefits were estimated at 1TS of salaries with escalstion nto of 10% per anmum,



APPENDIX TABLE X1~ (-2

STRVICE CONNECTION SCHEDULE
MISANIS OCCIDENTAL WATER DISTRICT

I 1913 1980 1985 12%
Avea Jarved (ha.) 165 290 400 "0
Popalation of Served Area 73,100 85,500 102,000 18,4
Pepulation of Service Connectioms 17,500 _26.900 40,000 43,000 |
FO., OF CONNECTIOKS AND ANNUAL
BILLED CONSUNPTION (1000 cum)
Domestic Metered
g" seter - C . - -
1/2% meter 841 1,610 2, 3,932
3/4" weter k | 6 10 “
1" meter 2 4 7 10
Sab-total 846 1,620 2,788 3,956
Domestic Flat Rate 165 - - -
Total Domestic 1,011 1,620 2,768 34956
Commercial Netered
3/6" meter - - - -
1/2" astar 570 915 1,516 2,235
3/4® metoer 3 5 8 12
1" meter 2 k| 5 7
Sub-total 515 923 1,589 2,254
Commeroial Flat Rate 2 - - -
Totnl Commercial STT 923 14389 2,254
Industrial Ketered
3/8" metor - - - -
1/2% meter 12 21 35 50
3/4* moter 3 s 8 12
1% meter 2 3 6 8
Sub~total 17 29 49 70
Indnstrial Flat Rate 1 - - -
Total Industrial 18 29 49 70
Governmental/Institutional Metsred
3/8" meter - - - -
1/2" meter 8 16 28 0
49 meter k 6 10 15
1" aster 2 4 1 10
Palks 1 2 4 3
Sub-total 14 28 49 70
Govt/Inat't Flat-Rate (hydrants) 304/ x X X
Total Govt/Innt'] yry 28 49 70
Netered Connections 14196 15322 4,475 6,350
Flat Rate/dsfective meters/
hydrants 454
Total Servioe Cannactions 1,650 2,600 4,415 6,350
Total Billed Consumption per year
(100Q_oum) 459 1,322 2,103 2,883
Neter Underregiastration 25 28 M 40
Unbilled Use and Wastes 286 118 38s . 434
leakage 434 482 585 689
Illegal Connections 28 1 k] 40
Pudlio Use 12 13 16 18
Tytal Unbilled VWater per year (1000 cum) 782 868(319,6%)  15054(313,3%) _ 1.241(30%)
Total Water Produotion per year (1000 oum)
1,241 2,190 2,157 4,124

1-‘-?:«“" inoluded (26)
historical
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DEPRECIATIDN VALDES

50 YEARS SERVICE LIFR
Bristing FPacilities
Source Development
Source Transmission Lines
Pransnission Lines
Storage Tank
Distribution Mains
Internal Network
Administration Building
Servioce Connection (Pipings)

Total 50 Yrs. Life

25 YEARS SERVICE LIFE
Bruipoent

15 YEARS SERVICE LIFE
Neters

Total Depreciable Value

WORK YE PROCES3
Souros Development
Souroe Transmission Line
Storage Tank
Administration Bldge
Bquipment
Total Worl In Proceas

ASSErS ADDED BY YEAR EXD

Transmission Linea

Distribtution Mains

Internal Network

Service Connection: a) Piping
b) Neter

oo o

-
W

b
i
w

‘g’;llnl‘ﬁ': §|§:Il

Total Assets Added

ASSETSRETIRED DURING YEAR

Neters 15

151

650
193

73
521

AB2
1923
889
122
189
54
=51
1341

15

POOK VALUE OF CAPTTAL A3SET3 BY YEIR XD

Assets Other Than land .
land

ahl

Totsl Capital Assets (Book 2022
Yaleel

15
20
4686

15

10606

2L

10877

APPBIDIX TABLE XI.8-1

ASSRT AND DEPRECIATION FORECAST
NISANIS OCCIDENTAL WATER DISTRICT
(  x 1000

1979 1980 1981 1982 1983 1984 198 1986 1987 1938 19% 190
588 588 588 588 588 588 538 588 588 588 588
- - 3700 3700 3700 3700 3700 3700 3700 3700 3700 3700
- - 4377 4377 4371 - A3TT 4377 4377 4371 4377 4377 A3T7
3240 5463 7956 9330 9330 9330 9330 9801 44223 15000 19000 19000
- 1570 1570 1570 1570 1570 1570 1570 1570 1570 1570 1570
417 1076 1816 2813 3695 5693 7214 8329 11291 13837 16550
609 1550 2605 4060 5337 6742 8288 10330 11988 13578 15291 17144
1128 1128 nge 1‘1522 1122 1128 1128 1;28 1&232 1128 1;28 1128
223 283 1 2249 2 1
é‘& 17710 24323 2E4j25 33'%' 33567 3%%% 40351 49185 5&_55&12(l 63185 63'2'3%
482 482 482 482 482 482 482 482 482 482 A2 482
32 457 g g2 861 3%520—8 3 62 1811 2 2413
930 12649 25383 2961 32224 35074 . 13 42850 51299 60735 657158 T1191
3003 3700 - - - - - - - - - -
3207 4377 - - - - - - - - - -
% %orr - - - - - = = - o -
2223 2493 1374 - - - 471 4422 4T - - -
659 7 997 882 951 1047 1521 1715 2362 2546 2753 1484
941 1055 1455 12717 1405 1546 2042 1658 1590 1713 1853 1001
221 8 273 300 330 36) gog 332 368 S04 245 588
41& 4672 '42% : F}%‘ '&:z 5 3154 31_52 Eh ’29451 '2’1%503 ﬁ 522393
15 15 15 15 15 15 15 15 15 15 15 15
18874 25398 29631 32239 35089 38228 42865 51314 60750 65113 71206 74584
273 211 211 271 2n 271 2711 2711 271 271 271 271
19145 25669  29%02 32510 35360 38499 43136 51585 61021 66044  TATT 74855



Year

1976
19717
1978
1979
1980

1981

1983
1984
1985

1986
1987
1988
1389
1990

618
730
819
1168

1263
1366

APPENDIX TABLE XI-E~2

SCHEDULE OF DEPRECIATION EXPENSES AND ACCUNULATED DEPRECIATION
MISAMIS OCCIDERTAL WATER DISTRICT
( » x 1000 )

Total
Annual
Dezrece

Qenses

26
32
81
164
283

544
634
694
758
830

932
1112
1312
1424
1546

Accumlated
Depreciation

Prior Year

300
311
328
394
543

811
1340
1959
2638
3381

4196
5113
6210
7507
8916

Book Value of Assets

Retired Duri
20 Yrs, 25 Yrs,

LI I I | [ BN

the Year

15 Irse Total
15 15
15 15
15 15
15 15
15 15
15 15
15 15
15 15
15 15
15 15
15 15
15 15
15 15
15 15
15 15

Net Accumlated
Depreciation

Jear ¥pd

31
328
394

543
811

1340
1959
2638

3381
4196

5113
6210
1507
8916
10447



Itenm
Nasber of New Conneotions
Nashar Paying Cash
Nasbar of Installmemt Plam Added
No, of Installment Plan Paid

(Cumlative)

Nonthly Installment Plan (escalated)

Inarement Addedl
Increment Deducted®

Cash Receipts:
lusp Sum Payments (ue‘htd)"
Installment Payments{ocumlative)

Total
Anmal Construotion Cost
¥orking Capital Required
Cumlativo Capital Requirememts

AYPEDIX TABLE XI-E-3

WORKING CAPITAL REQUIREXENTS FOR
REVOLVING FUND FOR NEW CONNEUTIONS
MISANIS OCCIDENTAL WATER DISTRICT

1917, hi:st-] 1919 Jogo 1981 1982 1983 1984 1385 1986 1981 1983 198 1990
14 14 375 375 375 375 375 375 375 375 375 375 3715 375
46 46 150 450 150 150 150 150 150 150 150 150 150 150
68 68 225 225 225 225 225 225 225 225 225 225 225 225
= = = = = = = = = = 4 _6 a4 22
68 136 361 586 811 1036 1261 1486 171 1936 2127 2284 2362 2362
P6.33 7.06 T.9% 8.87 9.77 10.74 11,81 13.0 14429 15.48 16,72 18.02 19.49 21.02

(P x 1000 )
5 6 21 24 26 29 32 35 39 42 45 49 53 57
- - - - - - - - - - 3 6 14 23
22 25 91 102 113 124 136 150 165 178 193 208 225 242

— ) —22 " ~52 . 127 161 <198 228 219 220 =2l 289
25 13 113 146 182 221 263 an 363 416 472 528 582 631
55 6 278 255 281 309 340 374 412 445 482 519 561 605
30 29 15 109 99 88 M 63 49 30 10 (9) (21) (26)
30 59 283 382 410 547 610 659 689 699 690 669 643

174

Yocumelated installment PAYBets ars calculsted om the basis of 100€ incremsntal additions during the previous years am 50% of

the last year,

2Based on assusption that installment plam will be peid back in 10 years.
.llnbn- of connections paying cash x (2/3 366 + 190) x escalation fastor.



APPENDIX TABLE XI-E-4

TRIAL FINANCING PLAN AND DEBT SERVICE
MISAMIS OCCIDENTAL WATER DISTRICT
( » x 1000 )

Cash Sources Loan Digburgements and Debt S ice

Total Revolving Outstanding Amortized Outstanding Total
Fiscal Capital Pand Amount Debt Start During Debt Year Debt

Year enditures Revenues Digbursed of Year —Year End Interest Service
1976 1222 - 1222 - - 1222 -
1977 2679 25 2654 1222 - 3876 110 110
1978 6206 33 6173 3876 - 10049 349 349
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 2623 221 2402 28493 185 30710 2564 2749
1983 2865 263 2602 30710 185 33127 2764 2949
1984 3154 311 2845 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 5038 528 4510 55204 939 58775 4968 5907
1989 5448 582 4866 58775 1704 61937 5290 6994

1990 3393 631 2762 61937 1704 62995 5574 7278



. APPENDIX TABLE XI-E-5

FORECAST OF CASH REQUIREMENT S
MISAMIS OCCIDENTAL WATER DISTRICT

1976 198 @ 188 2 1220

Operating Cost 315 1045 1672 3353
Working Capital - 109 49 (26)
Debt Service —_— 1640 3984 71218
Sub-~Total 315 2794 5305 10605
Reserve Funds 9 84 318 1061
Uncollectibles 5 96 96 212
Approximate Reverme Requirements (000) _330 2934 5129 11818
Eotimated Noe of Connections 1414 2600 4475 6351
Ave, Anmial Cost Per Connection 233 1128 1280 1870
Est, Quantity of Billable Water (000) 632 1320 2100 2900
Ave, Cash Requirement per Billable Cum 52 2622 273 4410
Escalated Income of P440/Mo. Household 440 645 1030 1670
Proportion of Inoome of Low Income
Household Devoted to Water, As— 2436 649 53 449

puming 20 cum/mo Consumption (%)



APPENDIY TABLE XI<E~6
. AEVENUR UNIT FORECAST
MISAMIS OCCIDENTAL WATSE DISTRIC?

1975 Y9890 1985 1990

pe of Coxzeotion “Wo. of Prope Eatimated Tad  Toml — Ho. of Sstizaced  Total  Ho. of Tatizated Total  Sos cf Fstimated  TotAl
by metar sise Conrectionst Consorytiond .C_enm";timé pactor B.7.s.T7  Cormections Comsurpticn 3,U.s. Cconections Covsumption R.U.S. Cormecticos Consumpticn  R.U.!

mestic & Coverzment

1/ 849 9 1106 1 1106 1626 3133 313% 2 4986 4996 3972 6839y 683
34 N 1 " 1 " 12 2 R 20 51 51 2 -0 T

b 4 2 -2 1 -2 - 6 = _& _-u4 93 93 -2 a0 L)
SUP-TOTAL 859 100 1140 1140 1646 3230 3230 2833 5140 5140 4021 7050 705

mmarcial & Industrial

1f2e 582 81.7 98 ‘2 196 a36 319 ’ 638 1611 07 1014 228% ‘695 139
/L 6 1.3 2 2 4 10 5 10 % . 8 16 24 1" 2

o 4 1.8 2 2 4 (3 { 14 1 1 2 1 15 3
Bulks 4% A 4 15.2 <8 3 =4 -2 .- in _4 24 282 —_— 1z B
SUD-TOTAL 593 100,0 120 258 954 390 839 1642 620 1334 2329 850 182
TOTAL 1,198/ 1260 1358 2600 3620 4069  MTS 5760 6474 6350 7900 887

‘1915 figures are actual; 1980, 85 and 90 are estimated with the proportion or conneo*ions in each size resaining constant.
Sproportion of consumption tesed on plov Relationship.
Spased cn Table VI-T.

. 71..11:«- both "service R,U.s.” and "commodity R.U.s."3 The effeot of minimum monthly charges will be to incresse total R.U.s. ainoe there will alvays be some customer
not using the dasic quantity of water alloved within the minimum price.

“96 dafective geters were etcluded from total.



APPENDIX TABLE XImB.T7

REVENUE FORECAST
. MISAMIS OCCIDENTAL WATER DISTRICT

Estimated Income . Other Total

Year Rate/RU Rumber of RJUes, From Inoome? Inoome
P {Yearly in 000s) Sales  (000)

1976 1,00 691 691 21 712
1977 1.00 891 891 27 918
1978 1.00 1084 1084 33 1117
1979 1.90 1290 2451 14 2525
1980 1.90 1485 2822 85 2907
1981 1490 1652 3139 94 3233
1982 2,50 1828 4570 137 4707
1983 2450 2004 5010 150 5160
1984 2,50 2188 5470 164 : 5634
1985 3420 2363 7562 227 7789
1986 3.20 2530 8096 243 8339
1987 3,20 2706 8659 260 8919
1988 4450 2881 12965 389 13354
1989 450 3065 13793 414 14207
1990 4.50 3240 14580 437 15017

90thor Income (derived from meter replacement charges, contingenoy
fees of new connections, service fees, etc) estimated just abewt
3% of sales, 4



Fiscal

Jear  Expepdjtures

1976
1977
1978
1979
1980

1981
1982
1983
1984
1985

1986
1987
1988
1989
1990

Total
Capital

1222
2679
6206
8283
6539

4248
2623
2865
3154
4652

8464
92451
5038
5448
3393

MISAMIS OCCIDENTAL WATER DISTRICT

APPENDIX TABLE XI-E-8
FIRARCING PLAN AND DEBT SERVICE

® x 1000 )

_Cash_Sourceg

Revolving

Fand Operating
Reyemues Income

25 -

33 -

113 -

146 -

182 -

221 -

263 -

311 -

363 -

416 -

472 -

528 4510

582 4866

631 2762

Amount

Disharsed

1222
2654
6173
8170
6393

4066
2402
2602
2843
4289

8048
8979

Loan Disbursem
Outstanding Amortized

Debt Start
of Year

1222
3876

. 10049
18219

24612
28493
30710
33127
35589

39497
47164
55204
54265
52691

-] Debt S ice
Outstanding
During Debt Year
_Year Ed _ pterest
- 1222 -
- 38716 110
- 10049 349
- 18219 904
- 24612 1640
185 28493 2215
185 30710 2564
185 33127 2764
381 35589 2981
381 39497 3203
381 47164 3555
939 55204 4245
939 54265 4968
1574 - 52691 4884
1574 51117 4742

Total
Debt

Servj

1;6
349
%04
1640

2400
2749
2949
3362

3584

3936
5184
5907
6458
6316



APPENDIX TABLE XI.ZX-9

FEOJECTIONS OF FINANCIAL STATEMEKNTS

MISANIS OCCIDENTAL WATER DISTRICY

( » x 1000 )
PE NN s 13, 1918 119 19%0 1981 1982 198 1984 1988 1986 1901 1998 1989 1290
Vster Zales 691 891 084 51 2822 3139 4570 5010 TO 62 8096 8659 12963 13793 1?80
Lesss Provision for Bad Debt  (14) (9) (11) 49) (28) (31) (91) (50) 55).  (151) (81) (81)  (259) '(138) 146)
Other Inoome =21 il 73 ~52 ~24 137 130 164 221 248 260 289 - A4 431
Total Reveme 698 %09 1106 24716 2879 3202 4616 5110 5519 7638 8258 8832 13095 14069 14871
less: Operating Cost 249 536 _588 1045 1348 1085 11 151 1612 2051 2366 2651 2898 3353
Inocoms Before Deprecis-
tiom 383 560 570 1888 1834 2054 3531 3919 4068 5966 = 6201 6466 10444 11171 11518
Depreciation 26 32 81 154 283 sS4 634 & 158 830 2 1112 1312 - (1424 ng_
Net Operating Income 357 52 459 1724 1551 1510 2897 332&5 ' 3310 513 9 5354 9132 9747 997
Plus: Intarest on Rescrves 1 4 8 15 26 45 11 117 161 216 304 421 5712 159 958
Income Before Interest om long
Ters loans 358 532 497 1739 1517 1555 2974 3342 3471 5352 5573 8715 9704 10506 10930
Interest - 110 349 _904 1540 2215 2564 2764 2981 3203 3555 4245 4968 4884 4742
Yet Inoome (loss) 358 422 148 835 (63) {660) 410 578 490 2149 2018 1530 AT136 5622 6188
Cumulative Net n(wouo) 358 180 928 1763 31700 Jo4q0 1430 2028 2518 4667 6685 8215 12951 18513 24164
Loss
Appropriations to Re- B
serves 21 7 kY] 74 85 188 274 301 328 454 810 866 1297 1378 1458



APPRADIX TABLE X1~ B-10

CASH FIOW STATE(ERTS
- MISANIS OCCIDRNTAL WATER DISTRIC?
( # x 1000

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1%

AN 1739 1371 1555 2974 3342 mn 5352 5573 5T15 9704 10506 10930
164 283 544 634 694 758 820 932 1112 1312 1424 1546

Sourgep of Pupds 1976

Fet Income (Defore Interest) 358
Depreciation 26

s 8 let B
8

Increase in Carrent Liab, 5 3 9 16 17 0 a8 =23 -1 &4 51 _48 4 16
Total Interpal Sources 389 1912 1926 2116 3598 4054 4282 6209 6569 6938 11064 11971 12552

long Tera Debt 1222 6173 8170 6393 4066 2402 2602 2843 4289 8048 8979 - - -

Capital Contributions — —i L EY 146 <182 221 263 11 63 ~416 ~A12 328 ...582 S31
Total External Sources 3222 2679 6206 828} 6539 4248 2623 2863 154 4652 B464 a4 328 282 S
Total Scurces 1611 3248 6815 10195 8475 6364 6221 6319 7436 10861 15033 16389 11592 12553 13183
Applicatiop of Fundg

Investaent in Utility Plamti222 2679 6206 8283 6539 4248 2623 2865 3154 4652 8464 9451 5038 448 333
Interest on Debt - 110 349 904 1640 2215 2564 2764 2981 3203 3555 4245 4986 4884 4742
Principal Repaysemt = = = = = 185 183 18 381 381 381 .99 239 & L4

%ctal Capital Charges 1222 2789 6555 9187 8179 6648 5372 5814 6516 8236 42400 14535 10945 11906 9709
Incresse in Current dssets 105 _711 .50 411 19 91 3% M8 a2 a1 58 1093 260 226
Total Appliocations 1331 2866 6605 9598 8298 6739 5731 5549 6647 8759 12571 14793 11958 12166 9935
Net Increase (Decrease) 280 g 21 77 (375) 490 970 789 2102 2462 1596 (406) 387 3248

Cosh ot Beglmning of . .o g e Mm 1666 1291 181 ozl 0 e Al gz Ry :H
. -

1489 1666 1291 1781 27151 3540 5642 8104 9700 9294 9681 12929

¥

Cash At B of Pericd 300 682



APPEONDIX TABLE II.B-11

FROJECTED BALANCE SHERTP
MISANIS OCCIDENTAL WATER DISTRICT
( » x 1000 )

ae 16 1917 118 19719 1380 1981 1982 1983 0 1984 1983 1986 1987 1988 @ 19%9 2 19%0
Gross Valne of Fized Assets 1437 2763 6088 11365 M2 29%2 3510 35360 e 436 51585 61021 Gs44  TUTT 7485
less: Aoumlsted Depreciation 3]; 328 22 a] !}ég 1929 3 33 g 12 %21
Net Value of FPixed Assets 112 2435 94 'ﬁﬁ' 16781 5 30551 2722 511 40 32‘1{% 11 537 Zg‘g%T
"'?k is Process 383 1923 478  _77180 8011 = = = = = = = = = =
Total Pixed Assets 17 4358 10483 18602 24858 28562 30551 32722 35118 38940 46472 54811 58537 62561 64408
CURRENT ASSETS
Cash 300 682 892 1489 1666 1291 1781 2751 3540 5642 8104 9700 9294 9681 12929
Acocunts Receivables 173 223 271 615 706 785 1143 1253 1368 1891 2024 2165 3241 3448 3645
Lesst Proviaion fcor Unoolleoti~
des (3) (2) (3) (12) (7) (8) (23) (13) (14) (38) (20) (22) (65) (34) (36)
Inventories 1 27 30 108 129 142 138 173 J%0 214 234 253 273 29% [
Total Current Assets 471 930 1190 2198 2494 2210 3059 4164 5084 7709 10342 12056 12743 13390 16864
Total lssets 218 . 5288 11673 20800 27352 30772 23610  36B86 40202 46649 56814 66907 71280 75951 84272
BQPITY & LIARILITIRS
TTY
OGoverament Contributions 549 549 549 549 549 549 549 549 549 549 549 549 549 549 549
Capital Contributions - 25 58 171 317 499 720 983 1294 1657 2073 2545 3073 3655 4286
Regerves 21 48 81 155 240 428 702 1003 1331 1785 2595 3461 4758 6137 1555
Upappropriated Retained
Earnings 231 12 841 1508 1400 S22 148 3g25 sz 2882 4090 4754 8193 12436 11166
Total Bquity 907 1354 1535 2483 2566 2088 2719 3560 4361 6873 S307 11309 16573 22777 29596
108G TERM DR2?P
long Term loens ihu Grrent -
Maturities) 1222 3876 10049 18219 24427 28308 30525 32746 35208 39116 46225 54265 52691 51117 49543
CURRENT LIABILITIES
Aoocounts Payable 53 58 8 98 174 191 1814 199 252 2719 KL 354 442 483 559
Carrent Maturities of long
Tara Debt — = — — S8 185 85 281 281 -281 232 233 1314 1514 1574
Total Current Liabilities 53 89 98 359 376 366 580 633 660 1282 1333 2616 2057 2133
Total Bity & Liabilities 2182 5288 11673 20800 27352 30T72 33610 36885 40202 46649 56814 66907 71280 715951 81272




AFPEDIX TABLE XI-B-12

JORECASTED RATE OF RETURN ON NRT FIXED ASSEIS IN SERVICE
NISAS OCCIDENTAL WATER DISTRIC?

{ r x 1,000,000)

iten e 9 98 s 1980 1981 1982 1983 1984 1983 1986 1987 1988 1999 190

Average Bet Pixed Asseis .
in Servioe &2 1.78 4,06 8s26 13480 22,67 29,56  31.64  33.52 37403 42,71 50,64 56,67 60.55 63448
Net Opereting Income «36 53 «49 1.72 155 151 2,90 3,23 3.1 Se14 527 535 9413 9.75 9.97

Bute of Retura (‘) Bl9 29.7 12.1 20.8 112 6.7 9-8 1002 9.8 13.9 12.3 ’0'5 16.’ - 16;.’ . ’507



APPENDIX XI~F=1

MEMORANDUM OF UNDERSTANDING

le  The Asian Development Bank (ADB) Appraisal Mission for the
proposed Provincial Cities Water Supply Project (the Projeot; 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 Project

2 The part of the Project involving the Water Distriot (the
Sub~-P:oject ) oonsists of:

(a) Development of the Cocok, Regins and Bitoon Springs
together with improvements to the Talibaksan Spring to
provide a reliable yield of 10,400 CMD sufficient for
the projected demand up to 1986. Treatment by con~
trolled chlorination with all equipment provided with
standby units,

(v) A 1,900 m3 capacity storage tank.

(c) Transmission mains:~ 250,200 and 150 mm dia.
(Total length 15,2 km)

(d) Distribution mains:— 200 and 150 mm dia. (Total
length 52 km).

(e) Internal network mains:-

( i) reinforcement:= 150 and 100 mm dia.
(Total Length 2.1 km)

(ii) extension:~ 150 and 100 mm dia.
(Total length 11,5 km)

(f) 17 fire hydrants.

(g) 1,500 new service connections and replacement of 200
existing connections.

(h) Administration building, meter repair, and laboratory
facilities,

(1) Recruitment of consultant services as specified in
paragraph 6(a) through (c) below.



3. The Sub=Project is at present estimated to cost P31,000
million,

Relending Arrangement

4e The relevant part of the proposed ADB loan will be relent to

the Water Distriot through the Government and LWUA. The Water
Distriot should arrange with the Government and/br INUA for the balanoe
of funds required for the implementation of the Sub-Projeot. 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 Boarde The terms and oonditions of relending
to the Water District would be the standard LWUA lending terms which
are generally satisfactory to the Banks The relending agreement shall
be approved by the Bank,

Execution of the Projeot.

Se 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 oconsultantse When appropriate, certain aspeots of the Sub=Project
may be implemented directly by the Water District.

Consultants:

6e The consultants to be engaged by IWUA on behalf of the Water
District shall look into, among other things, the following aspects
of the Projeot.

(a) Preparation of detailed designs, tender doouments, assist=s
ance in the prequalification of tenderers and analysis of bids and
recommendations for the award of contracts for the first oonstruction
phase works as detailed by the consultants, Messrs., Camp Dresser &
McKee Internaztional Incs

(b) Supervision of oconstruction, 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,

(c) Development of appropriate leakage control, metering and
data collection program including hydrological studies of existing
and potential supply sources to establish their reliasble yield and the
training of the Water Distriot staff in these respects.



Financial Measures
Te 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 programe The water rate is
expected to be increased to P1/cum (weighted average) per cubic meter
by 31 December 1976,

(b) Obtain concurrence of LWUA and ADB prior to undertaking
any major investment program outeide the Projeot;

(¢) Have its acoounts audited annually by an independent
anditor acceptable to ADB and submit its financial statements %o
the Bank for review,

Operations
8. The Water Distriot will:

(a) Esteblish leakage control and metering programs, and
collection of other necessary data required for the cperation and
future development of the water system;

(b) Improve billing and collection procedures;

(¢) Institute laboratory facilities for oontinuous water
analysis; '

(d) Maintain its water supply facilities in accordance with
sound public utility practices;

(e) Not dispose of its assets required for ite efficient
operation and implementation of the Project without prior approval
of LWUA and the Bank.

Land and Water Rights

9e The Water Distriot shall exert its best efforts to ensure
that the necessary land, water rights, or other rights are obtained
for the implementation of the Projeot and shall include in its quar-
terly reports to IWUA and the Bank a statement of the progress



made on the aoquisition of land and water rights,

Ooctober 24, 1975

MISAMIS OCCIDENTAL WATER DISTRICT ASIAN DEVELOPMENT BANK
APFRAISAL MISSION

By: By:
(sap) (sep)
DR. SOLOMON J. GUIRNELA, M.D, GERHARD H. KAHL
(Chairman of the Board of (Mission Head)

Directors)



REPUBLIC OF THE PHILIPPINES

MISAMIS OCCYDENTAL WATER DISTRICT
Office of the Board of Directors
CITY OF OZAMIZ

EXCERPTS FROM THE MINUTES OF THE SPECIAL MEETING OF THE BOARD OF
DIRECTORS, MISAMIS 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
Mra, Eufrocinz Y. Tan Member
Engr. Violeta Cs Culicinao General Manager
Atty. Yolando Villarus legal Counsel
ABSENT: Dr. Oscar Renulla Member

RESOLUTION NO. 100

WHEREAS, an ADB appraisal team is ocoming to Ozamiz City to
confer with the General Manager and the Board of Direotors 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 ADB and KOWD;

WHEREAS, the Board in meeting assembled, unanimously

RESOLVED, as it does hereby resolve to authorize the Chairman,
Board of Directors, this Dimtrict, to sign the Memorandum of Under-
standing.

RESOLVED further to furnish copies of this resolution to the
ADB Team, the General Manager, this District, and files.

I hereby certify to the correotness of the above-quoted
resolution.

(S@) 116ava 7. DONGGON
Seoretary
APPROVED:
(sep)
SOLOMON J. GUIRNELA
Chairman



APPENDTX XI-F-2

LOCAL WATER UTILITIES ADMINISTRATION

Asian Development Bank
P. 0. Box 789
Manila, Philippines

Dear Sirs:

Re: Loan Noe PHI: Provincial Cities
Water Supply Project -~ Allocations of
Proceeds of the Logn: Wiindrawals

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.

2e We confirm that the amount alloocated to Category III in-—
cludes the amount vr US$3,600,000 for financing local ocurrency ex—
penditures., We understand thet the Bank will disburase in foreign
currency the equivalent of 38% of each local currency payment made by
us under the contracts for the category, subject to the oeiling 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
fubriocated 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 fcreign ex-
change cost is not available, 45% of the contract price (or such
other percertage as shall be agreed between the Bank and us from time
to time) wi)l apply for the purpose of withdrawals from the loan aoc-
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 ocost 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 the 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 Categery will be reallocated by the
Bank to Category IX. :

Se On the basis of the attached Table, the amounts to be alloocated
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 program attributable to it.

(b) Misamis Occidental Water District: $1,749,000 together
with that portion of training program attributable to it.

(¢) Butaan 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 subjeot 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 Distriots under the
respective Relending Agreements referred to in Section 3.01(2) of
the Loan Agrecment,

6o 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 WATER UTILITIES
ADMINISTRATION

By

Authorized Representative
CONFIRMED:

ASIAN DEVELOPMENT BANK

By
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ALLOCATION OF PROCEEDS OF LOAN

(Provincial Cities Water Supply Project)

Category

Construotion Materials for
Supply Souroe Works and

Storage Tanks,.

Pumps and Treatment Works,
Pipelines including Fire Hydrants,
Service Connections,
Administration Buildings, Offioe
Equipment, Laboratory, Meters,
Meter Repair Facilities, Leakage
Detection Equipment and Vehicles,
Consulting Services

Training Program

Interest and Other Charges during
Construction

Unallocated

Total

Amount

(UseSs Dollar Equivalent)

$ 122,000
1,551,000
7,829,000

263,000

507,000
2,578,000
200,000

2,700,000
1,050,000

!;ﬁg!ooo




APPENDIX XI~Fw3

SCHEDULE 1

Desoription of the Pro ject

The Projeot consists of the expansion and improvement of
the water supply facilities of the four Water Districts t0 meet the
requirements up to 1585, and the interim improvement and expansion
of the existing water supply facilities and the detailed engineering
design of a major water supply souroce for anothar Water District, all
as described below:

1, Misamis Occidental Water Distriot

Development of existing and new supply sources to provide
a total reliable yield of about 10,400 CDM; installation of new
pumps; prgvision of chlorinators with standby units; construotion of
a 1,900 m” capacity storage tank; construction of transmission, dis=
tribution and internal network mains, fire hydrants and servios conneote
ions; provision of administration tuilding, office equipment, laboratory,
meters, meter repair facilities, leakage deteotion equipment and
vehicles,

N Butuan City Water Distriot

Development of wells to provide reliable yield of about
11,400 CMD; provision of chlorinators with standby units; oconstruotion
of transmission, distribution and internal network mains, fire hydrants,
and service connections; provision of administration building, office
equipment, laboratory, meters, meter repair facilities, leakage detection
equipment and vehicles,

3¢  Zamboanga City Water Distrioct

Construoction of a new diversion dam, intake structure, fine
soreen/krit chamber, raw water trausmission 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; conastruction of transmission, distribution, and internal
network mains, fire hydrantsj provision of service oonnections, offioe
equipment, meters, meter repair faoilities, leakage deteotion equipment
and vehicles,



4o Camarines Norte Water Diustrioct

Development of existing and new supply sources to provide
a total reliable yield of about 21,000 CMD; provislon gf chlorinators
with standby units; oconstruction of 1,000 m and 400 m” ocapacity
storage tanks; construction ~f transmission and interna) network
maing, fire hydrants and servioce connections; provision of office
equipment, laboratory facilities, meters, meter repair facilities,
leakage detection equipment and vehicles,

5« Metropolitan Cebu Water District

Procurement and inatallation of chlorinators for existing
supply scurces; 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; oconduot of a lsakage survey; and for the develop-
ment of a major dam supply source, acquisition of the necessary land,
ocnstruction 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.

Te Overseas Training Program for LWUA and Water District
Staff.

The Projeot is expected to be completed by 30 June 1981,



'SCHEDULE 2

Amortization Schedule

Date Paynent Due P nt of Principal
(expressed in dollars) *

1 March 1982 $161,700
1 September 1982 168,800
1 March 1983 176,200
1 September 1983 183,400
1 March 1984 19¢,000
1 September 1984 200,408
) March 1985 209,100
1 September 1985 218,300
1 March 1986 227,800
1 September 1986 237,800
1 Maroh 1987 248,200
1 September 1987 259,000
1 March 1988 270,400
1 September 1988 . 282,200
1 March 1989 294,500
1 September 1989 307,400
1 March 1990 320,900
1 September 1990 334,900
1 March 1991 349,600
1 September 1991 364,900
1 March 1992 380,800
1 September 1992 397,500
1 March 1993 414,900
1 September 1993 433,000

#To the extent that any part of the Loan is repayable in g
ourrenocy other than dollars (see Loan Regulations Section 3.03),
the figures in this column represent dollar equivalents determined
as for purposes of withdrawal.



Date Payment Due

2 e b et e e e b e et e el )

March 1994
September 1994
March 1995
September 1995
March 1996
September 1996
March 1997
September 1997
March 1998
September 1998
March 1999
September 1999
March 2000
September 2000
March 2001
September 2001

nt of Principal
(expressed in dollars)®

$452,000
471,800
492,400
513,900
536,400
559,900
584,400
610,000
636,600
664,500
693,600
723,900
755,600
823,100
859,100

Total  $16,800,00

#To the extent that any part of the Loan is repayable in a
currency other than dollars (see Loan Regulations Section 3.03),
the figures in this column represent dollar equivalents deter-
mined as for purposes of withdrawal.



FRENIUNS ON PREPAYMENT AND REDEMPTION

The following percentages are specified as the premiums
payable on prepayment in advance of maturity of any part of the
principal amount of the Loan pursuant to Seotion 2.05(b) of the
Loan Regulations or on the redemption of any Bond prior to its
maturity pursuant to Section 6416 of the Loan Regulations.

Time of Prepayment or Redemption Premium
Not more than 3 years before maturity 1e50%

More than 3 years but not more than
6 yoars before maturity 3%

More than 6 years but not more
than 11 years before maturity 405%

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 /A

More than 24 years before maturity ' 8475%



