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APPENDIX A 

TEENS OF REFERENCE
 

FEASIBILITY STUDIES FOR TEN ADDITIONAL PROVINCIAL URLAS 

General
 

The project consists of three parts: (1) training of counter
part engineers through on-the-job assignments of the various aspects
 
of relevant water supply feasibility studies, (2) preparing water
 
supply feasibility studies for five provincial urban areas (referred
 
to herein an the third five areas), using counterpart LWUA and local
 
consultant personnel for conducting such studies, (3) preparing 
additional fi-, water supply feasibility studies for urban areas 
(referred to herein as the fourth five areas), with the counterpart
 
personnel taking a dominant role in ;he conduct of such studies. 

Training 

The Contractor will be assigned full-time LWUA couterparts who 
will receive continuous on-the-job training. The Contractor shall
 
design the training program, along with actual field work and problem
solving sessions, for eventual counterpart self-sufficiency. In 
order to obtain maximum benefit from the training program, LWUA will 
make every reasonable effort to assign qualified personnel on a con
tinuous basis for the full duration of the project. For the training 
program to be effective, the Contractor :'ill have supervisory control
 
over all assigned counterparts to the project. It is expected that,
 
upon completion of this project, the full-time personnel assigned 
for training will be technically competent to plan and execute future 
feasibility studies without the assistance of foreign consultants.
 

Third Five Feasibility Studies
 

The Contractor shall prepare technical, economic and financial
 
feasibility studies for each of five selected areas of water districts.
 
The feasibility studies shall be adequate to determine the, scope,
 
magnitude, essential plans and features, benefits and costa of the
 
project, including, alternate solutions thereto*
 

The quality and depth of the feasibility reports shall be
 

adequate to serve as the basis for negotiation of loans from inter
national lending agencies to finance design and construction of
 
feasible provincial water systems. 

More specifically, the work to be performed shall include, but
 

not necessarily be limited to the following:
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a. 	Evaluate all available data such as maps, geological,
 
climatological, and hydrological reports, census statistics, 
water production and demand, availability of power, etc. 
Develop such other data and information as needed to 
support the project analysis and recommendations. 

b. 	 Make hydrogeological and hydrological studies to deter
mine the available water resources and the least-cost 
methoa of developing these resources to meet present 
and future demands. These studies shall include test 
well programs where neceesaryo Data developed shall be 
sufficient to establish feasibility and to assist in 
detailed design of source facilities for either ground 
or surface water. 

c. 	 Make field 3urveys and studies peraining to: population, 
socio-economics, water production and consumption, exist
ing water and sewage disposal facilities, power v'equire
ments, location of existing water facilities, availability 
of local construction materials and e'uipment and effects 
of the proposed project on the environment.
 

d. 	 Develop alternative plans for the supply, treatment, 
transmission and distribution of water. Select a master 
plan, based on least present worth cost, taking into 
account the capital cost streams and operational cost
 
streams in the foreseeable future. Provide a detailed 
description of the existing water systems, including 
an evaluation of integrating the existing system of 
portions thereof with the proposed future development 
of the expanded system. 

a. 	 Prepare preliminary plans, drawings, outline specifica
tions, design criteria and analysis, equipment and con
structing standards, all in sufficient detail to define 
the projects, and thi phasing of such project master 
plans to the year 2000. A list of emergency/early action 
works shall be prepared to provide immnediate relief and 
high impact solutions to present water supply problems. 

f. 	 Prepare reasonably firmn estimates of costs for the 
engineering, construction, operation and maintenance 
of the projects recommended for implemrnntation. The 
estimates shall be based on the assumption that off
shore procurement will be obtained from Free World 
sources. These estimates shall be sufficiently de-
tailed to indicate the costs of the components of the 
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project and shall be defined in term- of local costs and 
foreign exchange. Consideration shall be given to bhe 
effects of the energy crisis and shortages of supply of 
vital commoditieso 

g. 	 Design water rate schedules that are within the citizens' 
abiliiy-to-oay of each area and at the same time result 
in a self-supporting system. On this basis, carry out a 
financial analysis and present the results in the form of 
both r statement of profit and loss and a statement of 
source and application of funds. The analysis should 
include a year-by-year estimate of debt coverage and a 
financial feasibility analysis on a time adjusted basis, 
taking into account inflationary trends. 

h. 	Develop an economic analysis which considers all quanti
fiable economic costs and economic benefits. Non-quanri
fiable elements should be explained and appraised to the 
extent possible. The reports shall clearly state and 
justify all assumptions made. They shall show the bases 
and results of internal rate or return calculations
 
(utilizing discounted cost flow methodology) on alter
native investment possibilities considered and include
 
jensitivity testing of crucial variables. The results
 
shall be compared to the opportunity costs of capital
 
and appropriate conclusions drawn.
 

Draft final reports for the third five cities shall be completed
 
after the eleventh month of the official start date of this contract
 
amendment.
 

The names of the third five urban areas to be covered by the
 
studies shall be made known by LdUA to the Contractor at least a
 
week prior to the effective start date.
 

Fourth Five Feasibility Studies
 

The conduct of these studies shall be such that the counter
part INUA and local consultant personnel would take a dominant 
role in %,hestudy development of the fourth five cities. The 
requirements for the feasibility studies will be the same as the
 
above except that the draft final report shall be completed after
 
the seventeenth month of the official start date of this contract
 
amendment.
 

The names of the fourth five urban areas to be covered by the
 
studies shall be made known by ULWUA to the Contractor no later than
 
sixty (60) days after the effective start date. 
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Reports and Printed Matters 

The Contractor shall prepare and submit technical reports and 
documents to IAUA, as follows:
 

1. Draft final reports of the water supply feasibility studies
 
of the third five water districts in seven (7) copies in
 
the English language no later than the end of the tenth
 
month. IbUA will provide the review and comments within 
four (4) weeks of receipt of the draft report. Relevant
 
corrections, addenda and errata will be provided within
 
two (2)weeks of receipt of LWUA'e review of the draft.
 

2. 	Draft final reports of the water supply feasibility studies
 
of the fourth five water districts in seven (7) copies in
 
the 	English language no later than the end of the seventeenth 
month. Within four (4)weeks of the receipt of the draft 
renort, IWUA will provide their review ind comments. Re
levant corrections, addenda, errata will be provided within 
tio(2) weeks of receipt of LUA's review of the draft.
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APPENDIX B
 

SUMMARY - FIRST-TEN AREA FEASIBILITY STUDIES
 

A. GENERAL 

I, Field tests show that most water distribution systems have old
and inadequately sized pipes with considerably reduced capaoities,
resulting in low pressures and marginal fire-fighting capabilities. 

2. 	Water sources, both ground and surface water, are available, andin most cases, plentiful; but water handling facilities such as 
impoundments, reservoirs, intake structures t transmission mains, 
treatment plants, storage facilities, and distribution piping
have to be planned, engineered, and constructed to convey the 
water to the demand centers. 

3. 	 Water demand will increase exponentially as urban population
 
grows, accompanied by increases in the standard of living/
 
opportunity.
 

.	 mplementation of well planned and properly engineered water 
supply systems is feasible, from the technical and the economic/ 
fimancial viewpoints. 

5. uantifiable economic benefits exceed the known costs of the 
water supply projects. The non-quantifiable benefits are also
 
significant. Therefore, economic analysis of the implementa
tion of improved and adequate water supply systems is substan
tially more favorable than financial analysis would indicate.
 

6 	 The recommended plan may be implemented through well defined 
series of construction stages. Thene staged programs are 
considered financially viable, provided water rates are set 
on the basis of the consumers' rability-to-pay. In certain
 
cases, the water rate structure may be designed to provide
 
some form of subsidy to lower income groups.
 

7 	 The local capability to plan, design, construct, manage and 
operate efficiently improved water supply systems will have 
to be strengthened to keep up with the increasing demand for 
*uch expertise. 
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neoommendations - Technical 

1. 	The logical nd economical development of waterworks facilities
 
must be based on a comprehensive lonl'-range planning process.
The planning process muet take into account alternative studies, 
economic optimization of the selected plan, and the citizen's 

2. 	Approximately two-thirds of the water produced in existing water
 
supply sysiom is not cold or billed against water consumers. 
Such unaccounted-for-.wnte2r is due mostly to leakage and wastage 
in the transmission and distri.ution systems. A comprehensive 
leakage and ;rastage eurvoy rust be conducted in preparation to 
a corrcctive leavaci./astae program, 

3. 	 All existing flat-rate onwction;I be netered as early asat 	 must 
possible, Mciters obould be installed first on unmetered large
demand oonnections, ifhere pressures are high znd eventually, 
where demand and pr nsmirr-. are Ir'j, An effective meter repair 
and preventive maintenance program should be initiated as soon 
as possiblo.
 

4. 	 A routine water meawarement and Pampling program at the sites of 
proposed and existing water sources and within the existing dis
tribution system nnvst be initiated. Bacteriological, chemical 
and physical testing of these water samples should be performed 
so that corrective measures can be made to safeguard public 
health of the water cenauvers. 

5. 	 A continuous disinfection p rogr-a ;. uat be enforced to safeguard 
the entire water diistrilution systam on a 24-hour daily basis. 

6. 	 A physical inventory and survey of all existing water supply and 
drainage/sewerage systems and all conn2ctions to private premises 
must be conducted. An inventory of all private wells, septic 
tanks and private drainage syst ems to complete as-built drawings 
will be included in this task. 

7. 	 A flexible and enforceable plh-mbing code must be adopted to comple
ment proposed water supply facility improvements; to eliminate 
water supply/drainage cross-conn-ctionq and to minimize potential 
(future) wactewater/dr-ainaige problems. 

8. 	 A hydrological and meteorological data collection and monitoring 
program must be initiated by establishing stream, spring, rainfall 
and evaporation gaging stations and by measuring water levels and 
volumetric discharges at existing and proposed well fields. 
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Reomtendatiton it t inl 

1, 	 The. legal lbai:3 Yor th, .vtio.Ioemntof exietJrg and n'w water 
cgesourebu 'mb rablieheod. Cuidelines for the implementation

and 	enfern or policies buch an vator allocation should be 
Ostabliv rhAd
 

2, 	 gatc:r,rat( q have treditionally been so low that, in most cases,
even orerationa. costs are rot even covered ky collected revenues. 
Water ra.te mupt ba iireared -o realigtic levels to cover amor
tiation <f capital eLpenes and o:)rational cost. Associated 
with this wrter ra-te increase is the need to socialize the pricing
structuraf sg, a ftbpped-up rzte -. ucture, Low-income water users 
Ihou1d e bille& .ccor.Lirg to their jbility-to-pay, with high-income 
conrnersr 
 indufftrioe and cownercial establiishmenta Msbsidizirg
the low-incme -roups. 

3. 	There is 
a serious need to upgrade and train personnel involved
 
in the plamning, design, construction, management and operation

of water supply systems. Therefore, improvements to the engineer
izWg, management and maintenanc3 procedures should be implemented

in antiuipatiorn of future requirements that will be imposed by
funding agencies and the water district's demands.
 

4. 	 After the p4ysical inventory is completed (Item 6, Technical
 
Recommendations) a water audit tank force should be organized

within the rater district to monitor/inspect premises and to
 
detect/minimise leakage wastage and meter tampering. 
 Such task
 
force should be granted police powers in protecting the water
 
resources of the community. 

5. 	 To enoourage early provision of water servioe and to help low
income households, a revolving fuind for service connections
 
should be established within the wdter district. 

Spope of Project 

The firt 10 foasibility studies were financed from proceeds
 
of a loan to the Government of the Republic of the Philippines from 
the United States of #Aerica through the Agency for International 
Development. The studies covered over eight percent of people living

in provinoial urban areas of the Philippines.
 



'Tho 	 pro ot oasisted of 4 parts: 

l. Przroysing water supply eawter plans and feasibility studios
for 10 provinoal urban areas of the Philippines, initially:
Ceblu, b-nca, ButuAwx Oamis, and Dast (see Appendix 
picur3 B..'1); 

2. 	 Iveopinr a methodoloLU of oonduotink these studies through
wonek]y training seminars of LWUA engineeze; 

3. 	 Appmy. th "rainiir f. hdoloy t using LWUA trainees,
A tht- propsrixtion of Ft.zti plano and feaaibility studios 
for thc. e-omnd 5; ara nanilys Tarlaot CUbanatuang San 
Pei-iizz -La Uniin, Lucna ad Lips; and 

4 	 kwii.J LUA 1. lon -ean plnening by developing selection 
!-J -i t . oitoria U 100 cities and oonducotin[
po,.foaibi.iy rvjn eyi! nd data collection en these oities/
Muicipalitiea. (Refer to Appendix C.) 

Th t o ,?oo-terclrtLWUA and local oonsulting (DCCD 
.. t,.: ,i) wm iportanteri .unt an element in the 

Hyfrol~ioo and h oeaolcgio information im ioaroe and insuf
fioienit to 
 zke 	auourats assensment of the future potential surface
 
and Cromd water r-amces Thereforeq the safe yield studies of
 
streme snd 
 nerFrcm. aqulfers have been based an short-.term field
 
we s plom,%td by bro. eatimRot. 
 and tempered largely by engineer.
 
ing jdreut.
 

The 	-6xiatiag mnterverke facilities at the urban areas are in
adequately dsignd ani improperly oper&ted. 
 Tbere is evidence of
 
widesprfea 
 wastage of the water through leakage from old, oorroded
pipe mainat -nd careless unse br the average householder. Wastage
is aBsdciatcd vith and enoouraged by un 	teered (flat-rate) water
 
ooineotions, Water rates have traditionally been so low that inmost cases? vrtioual costs are not even covered by colleoted 
revfo~nuet! 

Deficiencies* Most deficiencies it the 10 water distriots studied 
are zimilars water shortagN system e, water unaccoutabilityg in-.
suffioient dioinfoot-ion, and :.nadeqvite serviog. 

http:po,.foaibi.iy
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The w-ter shortage Pffeote the yaytem pressures, fire-fighting
potential, ardd consumption pautern.. Because water must be rationed, 
pressures fluctuate over a wide raugz ana often beocome negative.
The negative pressures increase the Possibility of contsiniriated water
entering the diotributiorn tryotem. Areas receiving no water are ex.
tremely vuinerable to fires, Man5 i-vter disetrict customers have 
modified theiT coneumption patte=.s btcause of water rationing. Some 
get water only- during uightb-time 
time hours. Sich service atrain 
oonsumers and the water district. 
best of circumstances, sub-users 

hour, and other, only during day
any goodwill developed between 
Unserved househods are, in the 

obtaining their water from dwellings
connected to the distribution "-nt -n. These unserved households 
must pay water vendors rates (up to 5-7 times) greater than water 
district rates. 

More than two-thi-ds of the water produced is neither sold nor 
billed against the water oonsumers. Leakage and rastage comprise 
more than half of the water produred. House connections without 
meters or with non-functioning meters are billed on a flat-rate basis 

a situation which encourages the wasting of water. (See Table B-1.) 

-

The water aupply system 6gonerally includes numerous opportunities
for cross-connections with polluted fromwater drains/sewers. 

APPENDIX TABLE B-I
 

WATER ACCOrUITA31ALITT 
(As a Percontage of Water Production) 

Account ed-For-Wat er Unaocoitnted-For-Water 

Metered Flat-Rate Underestimated
 
Area B 1 i llin Total Flat-Rate Use N _Leakage Other Tota 
Ozamiz 33 4 37 
Deet 

9 13 35 6 63 
3 25 28 5 31 30 6 72
Butuan 7 26 33 5 31 23 8 67

Zamboanga 20 20 40 9 29 
 15 7 60
 
Cebu 17 14 31 
 11 26 725 69
Luce,a 0 17 17 33
17 26 7 83
Lipa 0 21 21 7 29 36 7 79Tarlac 5 41 46 0 35 10 9 54
Cabanatuan 16 31 47 7 30 10 6 53
San Fernando 17 4 21 3 7 762 79 



Plaznkg Criterii 

The 	following criteria were used as guidelines for the feasi
bility studies: 

1. 	 Re ional Anroch: Plarning of facilities was made on a 
regional basis, taking into account the short-term district 
boundaries and the logical long-term service areas beyond 
present or politictU boundaries. 

2. 	 Source of Water: Groundwater and surface water were given
equal emphasis as potential sources of water. 

3-	 Self-Sufficin: The recommended plan was based on a 
system which would provide the highest quality of water
 
service withiii the abit y-to-peWY of the customers. 

4. 	 Conservation: Sf ,btioi of alternative plans considered 
water, power, chemicals, and foreign exchange as a valuable 
resource which must be conserved to the beet extent possible. 

5e 	 Stage Development: The lorig-range implementation program
for source, transmission and treatment facilities was based 
on several construction stages/phases to satisfy projected
 
requirements for a specific design year: 

Stage/Phase hplemenation/Construotion Period Target Design Year 

Early Action 1976-78 

Stage I 1977-90 1990 

Phase 
Phase 
Phase 

I-A 
I-M 
I-C 

1977-82 
1982-86 
1986-90 

Stage I 1990-2000 2000 

Phase 
Phase 

II-A 
II-B 

1990-95 
1995-2000 
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6. 	 Alternative Plan Screening and Selection: From an array of 
identified plan alternatives, an interim plan was selected 
on the basis of least (present worth) cost anid other non
economic parameters. The selected (interim) plan was tested 
for 	economic/financial feasibility.
 

7. 	 Skilled ML4npower Short ge: The recommended plan recognizes, 
in the short term, the apparent shortage in skilled, techni
cal and mvanagerial expertise. 1mphasis was given on the 
need for district personnel training and certification. 

8. 	 W alit: The feasibility study identifies present and 
future water quality problems and includes recommendations 
towards providing water supply that is safe, healthful and 
wholesome. It develops conceptually long-range water quality
 
management plans to conserve the integrity of this valuable 
resource.
 

Design Criteria 

Average per capita domestic water consumption for each of
 
the 10 water districts was estimated uith the use of field data
 
and available records of past and present water use. Per capita
 
domestic use was increased annually to account for projeoted economic
 
growth within the community (cee Appendix Table B-2).
 

Commercial and institutional water demands were estimated as a 
percentage of the domestic demand. Where no reliable records were 
available, a unit demand of 5 cumd/ha (gross) was used. 

There are currently few or almost no heavy and/or "wet" industries 
in the provincial areas studied. Projection of future industrial water 
demand was based on land zoning plane, where available. 

Maximum-day and peak-hour demands were estimated from field data
 
and available records. From an evaluation of variations in water use
 
observed in or, of the water districts, the following ratios were
 
adopted for this study:
 

Relationship of Flow 	 Ratio
 

Maximum-Day to Average-Day Demand 1.20:1o00 

Peak-Hour to Average-Day Demand 1.50:1.00 - 1.75:1.00 

http:1.75:1.00
http:1.50:1.00


AVERAG DAILY WI" 
DDIAE AND XUFPLY E33=U= (o=.) 

O.teg=r of later Ostis Dt .1tuan Zboanga Cebu 
U"e
 

Year 29290 1980 . 2000 1 20 am 

Domestio 3,230 7,050 13,900 5,760 12,640 25,500 4,000 11,080 22,800 8,800 16,6GO 27,600 68,200 94,000 168,00n
Comarcia./l nAtitutio.1 3900 850* I1700* 690* 1,520 3,060 400 1,100 2,300 2,200 2,600 3,000 6,800 5,4w 17,000 
Indu trial 100 560 2,100 500 1,100 2,000 3,600 7,600 12,000 

Accounted-for--Vater 3 620 7,900 15,600 6 450 14 160) 28t560 4 500 12 700 27,200) 11 500 20 300 32 600 78 600 11l00 197 000(Equaivalent,lpod) 4134) (249) (168) 1134) 1149) 1168) M15) 1153) 179 158) t13 7)t70 1183) 2) 
Unacco unted-for-Water 2,380 3,900 A,300 6,070 7,140 1,-0 4,200 6,800 7t700 8,700 8,Z0 33,700 37000 49,000
(Jivlent, po)9) (64) (42) (5) (50) (45) (105) (70) (45) (7-) (61) (51)

Grand Total 6,000 11,300 19,500 10,800 20,200 35,700 6,400 16,900 34,000 19,200 29,000 40,800 112,300 148,000 246,000 

Cabanatu Le Uniam 1noena Lipa, Taru.o 

Year 1985 1 001 2000 1985 20 199 2000 1985 01 2000 12050 

Domestio 
Coamxrcial/Inatitutional 
TInAutrial 

9,300 
1,900-

13,200 
2,400-

22,600 
3,600-

4,260 
900 
660 

8,000 
1,320 

950 

19,600 
2,400 
1,400 

9,800 
1,500 

650 

15,40C 
2,000 
1,000 

26,900 
2,700 
1,700 

3,900 
600-

7,200 
1,100-

12,90 
2,000-

8,300 
1,700* 

12,300 
2,200* 

E1,300 
3,400* 

Air Baa 
Accountea-for-Water 
(Equivalent, ipod) 
Unaccounted-for-Water 
(Equivalent, ipod) 

Grand Total 

11 200 
1160)

3,700 
(53) 

14,900 

15 600 
t165)

4,400 
(47) 

20,000 

26 200 
180)

6,600 
(45) 

32,800 

5t820 
188 

1,930 
(62) 

7,750 

10t270 
1184)

2,830 
(51) 

13,100 

23 400 
188) 

5,900 
(48) 

29,300 

11-950 
166) 

5,150 
(71) 

17,0 

18t400 
174) 

5,000 
(47) 

23,400 

3 0 
186) 

7,800 
(46) 

39,100 

1,750 
6t250 

202)
1,500 

(48) 
7,750 

1,800 
10,100 

189) 
2,400 

(47) 
12,500 

1,850 
16t750 

11 
3,700 

(42) 
20,450 

10t000 
159) 

3,300 
(53) 

13,300 

14t500 
1165) 

4,100 
(47) 

18,60v 

241T700
1i 

6,200 
(45) 

30,900 

*lndstrial demand lx included. 



A review of the available records and consumption patterns 
indicated that the prenent vnaccoited-for-water is high, anounting 
to 50-80 percent of the vrater produc-Ut'io. br preliminary 
design purposes, it has been assumed that =iaccounted-for-water 
would be reduced gradualLy as positive imp:ovements axe added to 
the water system. By the yea-r 2000, unaccounted-for-water would be 
about 20 percent or even less.
 

Cost and Economic Criteria 

The opportunity cost of capital or discount rate uped in this 
feasibility study is 12 percent. The discount rate was utilized for 
economic screening of the technic1y viably alternatives. 

Projections irdicate a genoral price escalation rate of 10-12 per
cent for the period 1976 through 19CO; 8-10 percent for the ptriod 
1981-85; and 6-8 percent for the period 1986-90. 

For the purpose of cost estimating, a construction cost index 
(CCI) for water supply projecto has been developed, with 1965 as the 
base year (CCI-i0). Unit costs for the water supply feasibility
 
studies have been projected to July 1976 price levels (CCIN384). 
Construction cost curves have been developed tor in-place costs of 
pipelines, deep wells, fater treatment plunt(i, pimp stations, and 
storage reservoirs and used for estimating t.he relative cost magni
tudes of alternative water supply plans. 

Ability-to-ly Issue 

Presidential Decree Vo. 198 stipulates That water district must 
be financially self-sufficient. In the pa-,t, most water systems have
 
not been able to generate sufficirnt revenuos to cover even just the 
operation and maintenance expenses due to various factors including 
poor pricing schemes, defective collection qystem and inadequate con
sumer promotion. The major reason that has been pointed out, however, 
is that the consumers being served by the vater district have such
 
low incomes and hence, they are not in a financial position to pay
 
the full costs of the system. Thereforo, before a water system is
 
improved and expanded, the ability-to-pay of the target population
 
to be served must first be ascertained. 

Since water districts are not expected to be extended goiernment 
subsidy, this has significantly simplified the analysis of the factors 
affecting ability-to-pay. The factors that affect ability-to-pay are 
the annual inoome of families covered by the water district; percentage
 
of their income allocated to water supply; average per capita water 
use; and the cost of water per unit volume. 
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In March 1975, an informal survey was conducted among Water
 
District Oenoral Managers to help gather data needed in the ability
to-pay studies, Questionnaires were distributed to 15 water districts
 
oovering provincial areas that differed in size, location and eco
nomic conditions.
 

The answers given by the general managers of the 15 water dis
tricts are summarized as follows:
 

1) 	Though ten of the water districts were revenue-producing
 
prior to the change in wanagement of the water district,
 
thirteen imposed increased water ra-bes upon takeover.
 

2) 	Water consumers generaly accepted the increase after some 
explanations justifying it. Only five received formal 
complaints about the increased rates while eight received 
formal complaints about the poor quality of water supply. 

3) 	Ten had difficulty in the collection of water bills pri
marily due to dissatisfaction of consumers to the water
 
service. 

4) 	 Assuming that capital and service improvements were made, 
the general managers indicated they could increase their 
rates by an low as 25 percent and as high an 447 percent 
for the average and below average households. 

A formal survey was conducted in April and Niy, 1975 in the City 
of Lipa and the Municipality of Tanauan. These pilot areas were 
selected because (a) they are at present experiencing water supply 
pr'oblems; (b) the income levels of their families are similar to the 
national income levels; and (c)they are near Manila, only about
 
two hours away by buss.
 

The survey covered 556 families, clasaified into 4 income groups. 
Twenty-eight (28) percent czme from the low-income class; 55 percent 
from the middle income; 12 percent from the upper middi, income; and 
5 percent from the highest income group. 

The following table presents the highlights and'pertinent findings 
of the survey: 
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ESTIMATED ABILITY-TO-PAY BY INCOME GROUPING 

Low Middle Ul2r Middle Aigh 

Income Group 
%Diotribution 55% 12% 5% 

Probable Ability
to-Pay on Basis P13.50 ?24.50 ?37.00 ?67.50 
of Improved Service 

Estimated Monthly 
Average Income P300 P700 P1,000 P2,700 

Abil ity-to-Pa 
Divided by 
Average Income 4.5% 3-5% 3.7% 2.5% 

The foregoing table indicates that the low-income group may be
 
able to pay a maximum of P13.50 a month for water (about 4.5 percent
 
of their average income). In the extreme end, the high-income group
 
may be able to pay a maximum of ?67.50 a month for water (about
 
2.5 percent of their average income). This disparity in the percentage 
of income allocated to uater by the 2 income groups may well be the 
best argument for a socialized price structure. 

The probable maximum ability-to-pay -Pthe average household in 

the pilot area is about ?25.00 per month.-"
 

Alternative Studies 

Several alternatives on water sources, source development, water 
treatment, transmission and distribution of treated water were identi
fied for each of the 10 provincial urban areas. These alternatives 
were evaluated and screened, using economic and non-economic techniques. 

Alternative analysis of the water source(s) for the long-range
 
program is primarily based on the least present worth cost alternative,
 
tempered by non-economic parameters such as socio-political, environ
mental and other conside:,ations.
 

l/This figure includes appropriate allowances for the respondents
 
understating their income or unwillingness to pay and the increase in
 
amount they are willing to p y as a result of improved services.
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The water quality tests performed on samples taken from spring 
and well sources indicate, in general, thf.t most of the phsical and 
chemical quality parameters are within "permisible" and/or excessive" 
limits as defined in the Philippine Drinking Water Standards. 

For ground water sourues, disinfection will be the only treat
ment needed. Disinfection ensures safety of the water delivered to 
the oonsumers. Various disinfecting chemicals (chlorine, iodine, 
bromine, oxidizing agents) and processes (ozonation, ultra-violet
 
radiation) were examined in this study. Chlorination which has a long
 
history of successful application, has been determined to be the most
 
practicable disinfection process. In 3 oases (where surface water is
 
the ,rimary source), complete treatment is recommended. The treatment 
process consists of chemical flocculationt coagulation, sedimentation,
 
multi-media rapid sand filtration and chlorination.
 

Major distribution alternatives for t'.-e areas a, concerned with 
pressure zones, feeder mains, storage facilities and internal distri
bution network (servuice mains). 

Important considerations with respect to distribution storage
 
are location, and staging of required volume. The alternatives for
 
feeder mains include the locaticn or routes, sizes, c-pacing in the
 
_-," rk, and construction staging. The alignments for future feeder 
maina have been chosen along existing and planned road and street 
rights-of-way. As much as possible, the feeder mains have been looped 
to avoid dead-end service areas; to minimize the number of customers 
affected by line shut-off; and to provide adequate pressure during 
maximum demand periods as the water can be supplied from more than one di
rection. Two-himdred (200) mm has been taken as the minimum diameter 
of feeder mains and 1,000 meters, as the iaximum spacing. The timing 
of construction of -the feeder mains took into account the attainable 
level of growth in the distribution system, with priority given to 
areas having,higher densities of potential customerso
 

Alternative studies on the internal network systems considered 
service both with and without fire protection. Other considerations 
included minimam presaures in the system; minimum pipe sizes, valve 
location and spacing; and typo, location, and spaoing of fire hydrants. 

Alte-natives available to counteraurt present and future water 
shortages include: (1) reuse of wastewater, (2) desalting., 
(3)precipitation augmentation, (4) land management, and (5) dual 
plumbing system. Except for land management, the above alternatives 
would have littIe or no applicability in the projeat area in the im
mediate future, ir. view of economic and other factors unique to the 
study area. 



Reoommended Plan(s)
 

The reconended plans for the 10 provincial urban areas include:
 

(1) Maximum use of existing facilities. 

(2) Interim improvements that may be implemented ty the district
 
(with or without LWIJA financing).
 

(3) Reinforoement and expansion of the transmission anct distri
bution facilitiest including pipelines, valves, pressure
 
control chambers, chlorination stations and storage tanks
 
(with LWUA financing), 

(4) Expan ion of internal distribution piping, and installation
 
of new metered service connextions (with LWUA financing).
 

For the long-range (2000) plan, the principal water souroes will be:
 

Principal Water Number Name of Urban
 
Source of Areas Areas
 

Springs 3 Ozamiz, Daet, Lucena 

Wells 5 Butuan, Lipa, Tarlac,
 
Cabanatuan, San
 
Fernando
 

Surface Water 2 Zamboanga, Cebu
 

The long-range plan has been divided into 5 construction stages, 

with the following data (see Table B-3): 

Toal/Averae for 10Urban Areas 

Total Project Costs (P x 106) 2,282.1 

Project Costs for Phase !-A (P'x 106) 806.3 

Total Served Population (Year 2000) 2.222 million 

Total Served Population (1986) 1.078 million 

Average Cost per Year 2000 Resident (?) 1,027 

Average Cost per Year 1986 Resident (P) 748 
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Areat~d(ba 
Oam EN amal' 

ZAKROADMA CFMU 
S 

WCUL UXIPA ALM SAN PXMANM V k 

170 380 60 1,020 1,060 360 190 275 390 215 4,120 
Pfture (year m ) 750 1,580 1,325 2,100 2,660 1,470 860 1,140 19130 1,155 14,170 

1980 85.5 143.0 724.8 132.0 635.1 129.5 72.6 115.5 108.2 9800 ,644. 2 
1990 
2000 

118.4 
154.0 

188.0 
2.O 

166.3 
209.6 

178.O 
230.0 

865.-
1,129.3 

171a 
222.6 

96.0 
121.8 

1499 
190.8 

149.4 
190.1 

13-4.9 
179.1 

2,217.5 
2,875.3 

1950 26.9 430 33.2 73.Or Y5&"'5. 2 4 23.0 345 10.2 662.7 
1993 53.0 95.0 83.3 125.0 605.0 105.9 53.4 87.5 94.3 55.6 "'V_,.C 
2000 93.0 170.0 151.5 184.0 960.0 167.8 88.7 137.1 148.0 124.2 2,122.3 

1980 
1990 
2000

1ki sting ftaollitiev 

7, 20 
13,600 
23,40 

13,00 
24,200 
42,COO 

7,700 
20,300 
40,30 

23,000 
34,800 
49,000 

1351000 
178,000 
295,00d0 

16, 4W 
28,100 
46, 90 

6,2DO 
15,000 
24,500 

7,v0 
22,300 
37,100 

12,300 
24,000 
39r40 

59000 
15,800 
35,20W 

233,--' 
376,1C' 
634, 1C0 
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SpringsGu 
urftoa Wate NeesNeda 
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Needs 
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Novas 

Pair 
Needs 

Good 
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.Z1 
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zL/M 
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0oo 
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water 
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wells 

Treatmat Diairf o . 1iaf Disiinf "- Complete Complete DixLfeo- Divimfe"otioz Bi.i1r-ctLle Divimf tetl.m rsv t1ia 

Project Wal 
O'reJ.1 

(r 6 tion 

79.7 
tica 

192.7 

tion 

163.0 156.3 1,238.8 

ticn 

110.5 54.6 80.5 93.3 112.8 202&1*. " 

Phase X-A 
1986 Serve ?ojaUtiout 
Per Capita Cowl 

23.0 
42,560 

540 

48.6 
76,200 
1 637 

33.9 
63,260 
r 535 

43,5 
104,200 

P 417 

520.1 
500,030 

1,o40 

37.5 
78,900 
P 475 

14.0 
35,500 
P 394 

25.2 
67,-'00 

P 374 

29.2 
74,990 
P 390 

31s3 
35,900 

P 872 

806.. 
i078,720 

loonomic Ba fflt/ 
Coast fltio 1.161 1.16:1 1.27:1 1.6491 1.25s1 1.86:1 1.88:1 1.5531 1.48:1 1.25:1 

RaeofR 1m-~ 24% 22% 20% 21% 16% 

Resulting Water ft,e(P) 1.00/m 1.10/cm 1.6o/ 1.20/c, 1.60/= 0.80/== 1.00/-w 1.00/0r 0.75/am 1.25/cm 
Initial Borrovine , 

equired (P x 106) 31.1 67.7 45.5 56.5 797.5 56.5 22.0 37.8 46.9 44.5 

7/ Thia a.dditicll ofotahl- lr.iin th., relatio-ship betwtee eomcoaio b"nefitx and oosts v a;plied nlry to the aen-z2d 5 ur'bana."as 



The per capita project costs of upgrading the existing systems 
to provide at least 1986 needs range from P334 to rl,045. Based on 
the assumption that the viter district has to be financially self
sufficient, water rates for the initial 3-year period (1978-80)
 
would be 1"O.75 - Pl.60/cum. With social pricing,the resulting water
 
rates corrospond to 3 to 5 percent of the income of the low-income
 
groups; and Z-, to 5J percent of that of the average-income groups,
 
without nocial pricing (see Appendix Table B-4).
 

Details of the recommended plan(s) are shown in pages B-19 to B-48. 

Prior to the implementation of the Phase I-A Program, early

action works will be performed for each urban area. The early action
 
program inoludea easily implementable steps in planning and adminis
tration; land acquisition and d a collection; and operational im
provements. Of importance are:
 

(1) 	strengthening the legal basis for development of water
 
sources;
 

(2) Lnitiating improvements to the management, engineering 
and. maizitenance procedures; 

(3) 	land and right-of-way acquisition for proposed improvements;
 

(4) 	routine collection of hydrologic and meteorological data;
 

(5) 	c-mnversion of all service connections to metered services;Y
 

(6) leakege su--vey and appropriate repairs to pipelines and
 
valves;
 

(7) 	acquisition of selected office and system equipment;
 

(8) 	cleaning and lining encruited pipes;
 

(9) 	provision of disinfect.ion facilities (chlorination); and
 

(10) installation of i-mter analysis and testing facilities.
 

-/Economic analysis shows a benofit/cost ratio which justifies total
 
metering of service connectione,
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APPENDIX TABLE 3-4 

FIMWCIAL ANALYSIS 

Jieamiu Det Butuan Zaoanx Cobu Luoena Lip Tarlac saatuan UL 

(Aver,/e er Rate 1.00 1.10 1.60 1.20 1.60 0.80 1.00 1.00 0.75 1.25 

Without 
Soci&l 
Pricing 

With 
social 

Monthly Cht/iverae 
Household 

(P/month) 

Percentage of Income,5 
(5) 

Socjaliteel: 0-15 cur 
Water 1 16-30 " 
P.a&t' t 31-40 " 
(?/c=i) i Above 40 cum 

Monthly Cot/ 
Below Average Househol4/ 

/ ercentage of Ioou. / 

(%) 

24.00 

3.40 

0.75 
1.35 
1.95 
2.55 

12.60 

4.2 

26.40 

3.Co 

0.80 
1.50 
2.30 
2.95 

13.50 

4.5 

38.40 

5.50 

0.80 
2.75 
4.60 
G,35 

14.75 

4.9 

28.80 

4.10 

0.80 
1.65 
3.50 
4.50 

13.65 

4.6 

38.40 

5.50 

O.S 
2.75 
4.60 
6.35 

14.75 

4.9 

19.20 

2.70 

0.60 
1.10 
1.50 
1.53 

10.10 

3.4 

24.00 

3.40 

0.75 
1.35 
I.95 
Z.:6 

12.60 

4.2 

24.00 

3.40 

0.75 
1.35 
1.95 
2.55 

12.60 

4.2 

18.00 

2.57 

0.50 
1.10 
1.70 
2.30 

8.60 

2,9 

30.00 

4.28 

0.80 
1.85 
3.10 
4.70 

13.85 

4.6 

25.00 

3.7 

13.50 

4,5 

4/J3-sed on "&ter use 24 ona/mocuth. 

V/Bazed a average ionme P700/month (1976 levels). 

Y~'ased an water ue 16 cum/month. 

, 13..4 cn household Ino. P300/month (1976 imm.- ). 
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Financial Feasibility 

The financial feasibility analysis made for the study establishes 
a detailed set of guidelines that the water district management may
 
use in making crucial decisions during the initial years. A plan
 
was developed to indicate the manner and the time funds would be used 
to operate and maintain the system; implement the program; establish 
reserve funds; and retire the indebtedness. Water rates have beer, 
developed on the basis that the system will be financially self
supporting. These water rates appear to be within the ability-to-pay 
of the average householder in the district (see Appendix Table B-4). 

Funds from revenues derived from the operations of the water
 
distiict can be devoted. 'to financing developmental costs to the extent 
that the revenuep exceed annual cash requirements for all purposes. 
Funds may be borrowed by the water district for development. From 
the district's point of view, LWUA is the primary, if not the only, 
realistic soarce of funds. LDJA borrows both local and foreign 
currencies at varying tens and lends them to water districtsa
 

Funds required to cover development coets have been determined
 
in the financial study. Aloe included. in the finarcial analyses are 
(1) water distriot assets and depreciation forecasts. (2) annual de
preciation expenses, (3) revolving fund for service connections, 
(4) debt service requirements, (5) revenue unit forecasts, (6) water 
rates determination, (7) revenue forecasts, (8) feasibility of charges, 
(9) external borrowing required, (10) projections of financial state
ments, (11) cash flow statements, and (12) other financial statements. 

Economic Feasibility
 

The recommended improvements of the water supply system will
 
bring about numerous economic benefits to the water district. Eco
nomic feasibility studies show that the benefits exceed the economic
 
costs associated with the d&velopment and operation of the water
 
supply system. The economic benefits that will be derived from an
 
improved, upgraded, and expanded water system can be classified into
 
quantifiable and non-quantifiable. Quantifiable benefits are those
 
which can be expressed in monetary terms while non-quantifiable benefits
 
are intangible but real, and are extremely difficult to express in
 
monetary terms. The quantifiable benefits that have been identified 
and for which monetary values have been determined are increase in 
land values, health improvement, reduction in fire insurance cost,
 
reduction in fire damage and incremental revenue. Significant non
quantifiable benefits are improved standard of living and economic 
linkages.
 

The economic cost of the proposed water supply system is the sum
 
of all expenditures required to realize project objectives and benefits.
 
Costs inoluda (1) capital expenditure costs, and (2) annual costs. 
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One method of determining the economic feasibil ity of a water 
supply project is by oomparing th, present value of the benefits 
likely to be derived and the present value of the costs. The results 
can be expressed as a ratio cE.lled the benefit-cost-ratio. The 
project is considojred feai-ible if the ratio is equal to or greater 
than one to one. Another method utilizes thu internal economic 
rate of' return (TER.R) The IERR ';i the diocount rate at which the 
present avlue of the benefit stream e.als the present value of the 
cost streanm, Cf thu cai7cal:aed IMR n icenda the adopted or national 
discunt rate (12 perent in thins particular study), then the project 
is eonmidercd K methods used the;oonomncal ?oth were in economic
analys i , 

Se~a u~ Con~c 

'x,:Pot the Zarboczi ;a City Water District, none of the 10 urban 
areas have central sanitary sewage (wastewater) collection and dis
posal systerco. Gner iy septic tanks are used in larger houses and 
estabichmet3 Te efffluents frum the septic tanks are piped to 
leaching pits, or ovorflow into the nearest drainage ditches. The 
latter practice results in grossly polluted open drains and gives 
rise to offensive antd unaesthetic conditions. 

As the water supply problein -s resolved, wastewater quantities 
will increase. Consequently, related public health and aesthetic 
problems will also increase. Therefore; as soon as the first phase 
of the water supply prograw in aderway, appropriate steps should 
be taken by the water district towards the satisfactcry solution of 
the anticipated pattierproblem. 

The initial effort should be directed to developing a compre
hensive soewerag/drainage feasibility sutdy. This study must address 
the issue of whethe:- c combined or %_eparate system should be pro
vided. This should also include various alternative studies relating 
to ultinmate disro.qal of wastewater such as primary treatment and river 
disposal, Wiastef,...r reclaaati.onr oto. 

In the meantime, an invontory of existing facilities and col
lection of pertinent data and infoimation should be connected in pre
paration for the cewrage/&rainage feasibility study. These activi
ties will include a houso-tc.-houie survey of wastewater and toilet 
facilitien and compilation of availp.ble und as-built drawings of the 
storm drains and canals. 

B-18
 



MonitorjIn of Water qu _d F].ows 

To provide accurate and reliable data for operation and planning/
 
detailed design of future facilities, it is imperative that water
 

quality and flow of the proponed water sources such as springs be 
monitored. Flow d-ta from thv springs ray be taken ironthly, except 

during the dry months when flow data should be done ort a bi-weekly 

basis. Monitoring activitieo should bo c)ordinated and the water 
district or it- consultants should update and review the monitoring 
program as te Coale nd the needs of the study area change. 

Updating. th W1ter Supply Vister Plan 

After -the water euppl% mat4>eir pla;n has been adopted and initially 
implemented, it will be necessary to undertake a program (f continuously 
updating ad keeping the plan cirrent. Plan updating should take place 

at least once every 5 years2 or sooner if significant changes occur. 

UpdatilIg is required to asses the effectiveness of the current plan, 
the benefits gained, the actual costs, and the problems encoutered; 
and to provide overall review, refinement, and direction for the future* 

1. Misamis Ocoidental Water District (MOwD)
 

Source
 

The long-term supply of the Ozami!&-Clarin service area of the 

MOWD will be derived from the present Ta.ibaksan and Cocok Spring 
sources, and from the Regina, Bitoon and Lower Da].ingap Springs. 

The Cocoki Regira and Bitoon Springe will be developed during 

the first otrdruction phaso (1977-82), Certain improvements to 
the Talibakian Spring faci]ities will aiso be made during this phase. 

will provide a rinirit combined yield of approximatelyThese souxrees 
adequale to meet the projected demand of the10,400 ciuyd w ich will be 

water district until 1986 Subsequent source development, which must 

be completed by 1986, will tap the Lower flalingap Spring to provide 

additional capacity to meet te water demand at least until the 
year 2000.,
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Transmission
 

Tranuminsion lines for the lon&-ter improvement plan will 
total 47 kr ranging in size from 100 to 350 mm. These will connect 
the spring saources, o4'orage tanks, aid the distribution systems 
of Ozamiz and, Claipi. furirx; the fi-st construction phase, 
15.2 km of 150 to 250 rir pipen wiil be installed. 

Treatment
 

The onl, txeatment thatcill 'beL-etquired for the Ozamiz-Clarin 
water supply t disinfeotion 1,y ohlorination and it is recommended
that thisj be proviT,. in th,<: o3.rly a-.roi program. Chlorination 

faciitiec will 'i LnitallcAd at 2 points, one to serve the Coook 
and Regine . Springs and 'the other to tr s.t the flow from the Talibaksan, 
Bitoon and. Loer la.ingap Sprinkls. 

Stor~ag 

Three (3) nk vill be. provided in 3 constructionutr,.rle 
phases The -t MncbilI a ua storagefi t be 1,900 ground tank to 
be built during 'the fir"st constiaction phaise in Barrio Segatic at 
a ground elevation off about 67 m-ters. It will receive the flow 
from the and R:'-toon and wi? I V::Talibaksan prings 'e O-amiz and 
Clarin, The second tank ivill be a 00--cunM ground storage facility 
on the Czamiz City di,£ribution sys.em, This tank, to be built in 
Barrio F.labay. n at a Ground elevration of 63 meters, will provide 
additio-,ai cupply during ptoiqJ:domand peri.ods and will help maintain 
uniform pressures in the frirge exeai of the distribution system near 
0amiz City., The thipid tank is a 90-cu storage tank. It will be 
located at the site of the first storage tank in Barrio Segatio, 
unless future denwnd oonditicons indicate that another site in Ozamiz 
or Clarin is prefrrabeo. 

Distribation
 

A ota! of 4,1 Im of diotr'ibution nains ranging in size from 
150 to 200 m, will be ccnjtrncted in the long-termi plan. Pipes 5.2 kto 
long ani 50 .i 200 n indianeteri and !8 valves will be installed during 

the fir-t oonitruction phase. Of th6 total pipe length for the first 
-phase, I. I= of 150 1mr pi4:rs will be installed in Clarin and the 

rest in Ozamiz C¢!y,. The diF'tri'butioCn,.sytems of Clarin and Ozamiz 
City will b 9 conrectow- during the second :onstr ction phase by a 
6 km long, 1;0-mm lie along the Na.ionai 1oad. Distribution 
mains to reirforoe os.rlier mwins will be installed during later con
struction phases. 
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Internal Network
 

Internal network piping (service mains) will be installed to 
reinforce the existing distribution system and to extend the water 
service to new areas. It is projected that by the year 2000, some 
750 hectares will be iialnved by the water system. Of this area, 
190 hectares w3ll be served directly from transmission and distri
bution mains and 560 hectares from the internal network rystem. 

During the first. construction phao: internal network piping 
will reinforce the network in 30 hectares of the present service 
area and will include inrtalling 17 fire hydrants in the same area. 
Additional 100 hectares will receive internal network piping, 85 
hectaree in and around the Ozamiz City poblacion and 15 hectares in
 
the Clarin poblacion. A total 8.9 km of 100-mm pipes aad 3.2 km of 
150-m pipes will be installed,
 

Service Connections
 

The long-term program involves a total of 12,550 service con
nections by the year 2000. Some 1,500 new connections and replace
ments for 200 existiugT connections are scheduled to be installed
 
during the first construction phase. Meterine all service connections 
is a goal of the water district. 

Other Pacilities
 

The existing offices and facilities for the administration and
 
operation of the MOWD are housed in rented and overcrowded premises.
 
In addition, the district does not have facilities for the testing
 
and repair of customer water meters, and for water sampling and analy
ses. To pi'ovide for the necessary facilities/space, a new administra
tion building will be built in the first construction phase. The
 
water analysis laboratory will be expanded in a later construction
 
phase,
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Capital Cost B 8-' 

Construction Construction Construction Total Project Foreign Exchange 
.g. Period Cost (F) Cost Component (US$) 

Farly Action 1976-78 ? 594,000 F 683,000 $ 44,000 

I-A 1977-82 16,232,000 23,006,000 774,000 

I-B 1982-86 4,785,000 6,522,000 180,000 

I-C 1986-90 7,572,000 10,591,000 416,000 

II-A 1984-952/ 15,143,00) 21,401,000 773,000 

II-B 1992-2000 12 j0O0 548,000 

TTtfA~L 38,000 ?9670) 

2. Camarines Norte Water District (01D) 

Source oeveloenj 

Future sources of supply of the CINfD will be the existing Boro 
Boro, ?Aiana and Lugui Spring sources to be improved during the 
initial construction phase, and later on the )Malubay, Banban, Balane, 
Alinao, Vargas and Bungcay Springs. Boro Boro, lagana. and Lugui 
Springs have an estimated combined capacity of 13,900 which can meet 
the system water demande until 1981, the year when the Malubay Spring 
must be fully developed. The Malubay Spring will provide an addi
tional capacity of 6,900 oured. thereby increasing total source capa
city to 21,000 cumd. This total capacity will be adequate until 1988. 

8/Al1 costs are Lased on July 1976 prices and an exchange rate of 
P7.00 to $1.00. 

9/Each construction phase is generally 4 to 5 years. However, a 
major excention to this is Stage Ii which begins in 1984 and ends in 
1995 since the development of the Lower Dalingap Spring must be 
implemented in 1984-86. Because this additional source will provide 
water supply to satisfy demands in Ozamiz and Clarin until year 2000,
the cost of the development of this source bas been included in the 
Stage II program. 
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The Banban and Balane Springs, scheduled to be developed in 
1987-88, will increase the total supply to approximately 30,000 cumd,
sufficient until 1994. The additional flow required from 1994 to
2000 will be cbtained from the Alinaot Vargas and Bungcay Springs.
These springs will provide an additional capacity of 11,700 cumd,
 
bringing total source oapacity to 41,900 cumd.
 

Six (6) storage facilities are planned to be constructed in the
 
long-term improvement program# 
Two (2) tanks will be initially

built, one to serve the Labo service ara and the other to serve the
 
other municipalities. 'he Labo tank will be 
a 400-cum ground tank 
constructed between Barrio Tulay na Lupa and Labo, 3 km from Labo,
and at a ground elevation of 37-40 meters. Water from the Boro Boro
Magana-Lu-:i4-alumy eyelews will diorhargo into this facility before 
delivery to Labo. The zocond tank, referred to as San Vicente Source
 
Storage Tank Noe It ia a ll0OC-cum storage tank to be built 2 km west
 
of San Vioentet also at ground elevation 37-40 meters. This tank will

also receive flow fron, the Bore Bore-4~gna-Lugi-Malubay spring
 
suppliet.
 

During the third construction phaec, a third source storage tank
 
(San Vicente 
Source Storage Tank No. 2) will be constructed near San 
Vicente, also at elevation 37-40 meterso This tank will have a capa
city of i,700 Cure and nill be designed to veceivo the flow from 5 or 
more springs proposed to be tapped in the fA ture. 

Other tanks to be consotrcted are distriihution storage facilities.
 
One tank will be designed to serve the Labo service area 
and will be 
located north of Labo. It will have a volumze of 400 cum and a maximum 
water level olev..tion of 40 meters. The other 2 tanks, to be built 
in separate construction phases, will be located in Barrio Padaguit and 
will have maximum water level elevations of 40 meters. The first tank 
will have n operational volme cf l urm; the second,m800 1,000 cum. 

Water Treatment
 

Disinfection by chlorination will b the only treatment required
for the water from the exibting and proposed sources. Three (3) chlorina
tion stations will be established near the babo Source Storage Tank
and the San Vicente Source Storage Tanke No. 1 and 2. Each chlorination
 
station will be equipped with 2 chlorinators8 one serving as stand-by.
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Transmission and Distribution Ylains
 

A total of 132a5 km oif transmission and distribution mains 
ranging in size from 100 to 600 mm is required for the long-term 
improvement plan, During the first construction phase, 32 km of
 
pipeline ranging in diameter from 200 to 600 mm will be installed.
 
Of this total pipe length, 9,4 km will be 200-350 mm transmission 
lines from the proposed spring sources to the source storage tanks.
 

Internal N1,two-'k 

Internal network piping will be installed to reinforce existing
 
distribution systems and to extend water service to new areas. It is
 
projected that by the year 2000, 1,580 hectares will be served by
 
the water district, 'No-hundredforty (240) hoctares of this area
 
will be served directly from transmission and distribution mains,
 
and 1,340 hectaren, from the internal network systems. 

During the first construction phase, the existing internal 
network in RO hectares of the Daet service area will be reinforced 
and provided with fire protection service. The internal networks 
in the other municipalities do not require immediate reinforcement. 
Also, -rator service will be extended to 160 hectares in Daet and 
Mercedes. One-hundred (100) lhsctares in the fringe area of Daet and 
60 hectares in Mercedes will be served. The area in Mercedes will 
also be provided with fire protection. 

Service Connections 

The long-term program involves a total of 28,000 service con
nections by the year 2000. It is estimated that the district will 
have 4,000 connections by 1978, Some 2,400 new connections are 
planned to be installed during the period 1978-82, bringing the total 
number of services to 6,400 by the end of this period. 
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Oapital Cost S 

.0/V-


Construcotion Construction Construction Total Project Foreign Exchange 
Stage/Phase Period C I Cot() Component (US$) 

Early Action
 
Works 1976-78 1,426.000 ? 1,640,000 $ 161,300
 

1-A 1977-82 31,4461000 48,574,000 2,284,600 

I-B 1982=86 15432,10NO 23,840,000 685,600 

I-0 1985-90 28,343,000 41,055,000 1,691,300
 

II-A 1990-95 39,69i,000 58,333,000 2,389,800
 

II-B 1995-20"0 I Q1QQQ 19,221,00 __ 579-

TOTAL P128- 68,000 ?1921663j000 $7,792,100 

3. Zamboagau City Water District (ZCWD) 

Interim Improvements
 

'A total 3.600 meters of 150-am pipes are recommended to be cleaned 
and lined, The significant portion of those pipes are within the 
core city area. 

Source 1'veloent
 

The future source of supply of the ZCWD will be the Tumaga River, 
the exinting source. Me expected yield of this river is sufficient 
to meet projected maximum daily deyrrands until the year 2000, without 
construction of a major dam., However, it is recommended that a per
manent diversion dam be constructed to replace the existing dam of
 
loosely packed cobblestones. Analysns have indicated that the best 
site for this new dam is approximately 300 meters upstream of the 
existing dam. The proposed dam, 27 meters lo, 2.3 meters high, and 
of reinforced conorete will be constructed during the first construo
tion period (1977-1982)4 Additional source facilities include a new 
intake structure and fine screen/grit r3moval chamber. 

-/& costs are based on JulY 1976 prices. 
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Raw Water Transmission Lines 

Transmission facilities for conveying raw water from the Tumaga 
River diversion to treatment works at Pasonanca Park will consist of
2 pipelines. "e first pipeline, to be constructed during the first
 
construction period, is 600 m in diameter and 4 km long. It will
 
be laid along the east side of the Tumaga River. This transmission
 
m.in will have a capacity of 29p800 curd, adequate until 1986. Oper
ation of the first trans-mission main will permit dewatering and in-
Spection of the existing 750-rn transmission main* The second trans
mission miin will be 500 mm in diameter and 3 km long, and will 
provide additional capacity for the projected year 2000 maximum daily

demand, it is vi~inef to thread this pipeline into the existing
 
water transmissiion line, The second pipeline must be operational
 
by 1986.
 

Water Treatment 

Complete water troatment$ consisting of chemical coagulation t
sedimentation, filtration and chlorination, will be provided for the
 
Zamboanga City supply as required for water obtained from surfae,4
 
sources. Alterations and additions will be made, during the first
 
construction phase, to the existing treatment plant in Pasonanca Park. 
The plant will be zonverteed to a conventional complete treatment plant.
The plant will have a capacity of 32,700 cured, which is adequate to 
meet maximum daily demaids until 1988. Plant expansion which should 
be completed 'by 1988, will bring the total treatment capacity to 
49,000 curnd, the year 2000 projeoted maximum daily demand.
 

Storage facilities are planned to be constructed at 2 sites:
 
(1) the treatment plant site in Pasonanca Park and (2)Barrio
 
Cabatangan. A total of 7,400 cum storage will be provided, divided
 
equally between the 2 sites. Initial construction, which will be
 
during the third phase (1986-90), will provide 1,850 oum storage at
 
each site. Both storage tankg will be built at elevation 45-52 meters. 

Treated Water Transmission Facilities 

Treated water transmission lines will deliver water from the
 
treatment plant to the distribution system or st. rage tanks. A 
total of 16.2 km of new transmission mains ranging in size from 250 
to 600 mm is required for the long-term improvement plan. Only
 
3.2 km of 300-mm pipe will be installed during the first construction
 
phase.
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Other Facilities
 

The existing ZCWD office building, which currently houses the
 
untire administrative staff, meter repair shop and other facilitiest

is %ary crowded. It is recommended that this existing building be
 
designated for use only by the General Manager and Customer Service
 
staff; and a new building for the water meter testing and repair

shop, a new water analysis laboratory, and for general storage be
 
constructed in the first construction phase. The meter testing/

repair shop and water analysis laboratory will be expanded in 1990
1995.
 

atalCost Summamr4 ]/ 

Construction 
Stage/Phase-

Construction 
Periodcot?, 

Construction 
Cost, 

Total Project 
(?)) 

Foreign Exchange 
C2Mjonent (liSs) 

Early Action 1976-78 P 646,000 P. 743,O00 5 52,000 

Interim Improve
ments 1977-79 311,000 358,000 8,000 

I-A 1978-82 30,671,000 43,532,000 2,186,000 

I-B 1982-86 14,983,000 20,779,000 829,000 

I-C 1986-90 30,486,000 43,182,000 1,626,000 

II-A 1990-95 17,271,000 24,023,000 938,000 

II-B 1995-2000 jjLQ ,000 23,667,000 731,000 

TOTAL P162 00 361370,000 

.-F/All costs are based on July 1976 pricea.
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4. Butuan City Water District (BCwJD) 

Interim Imorovorient 8 

The ,nvi interim improvement which must be completed by 1977 is 
the overhaul or replacement of the existing pumpset in the Bonbon 
deep well. This will provide a groundwater supply of 1,000 cumd or 
more to thn existine transmission line at an operating pressure ouch 
that the line will cariy the well and reservoir water simultaneously. 
An additional deep well should be drilled in the same vicinity as a 
standt-y or suppiementary source and as an eventual replacement be
cause the production rate of the existing well appears to be declining 
gradually. 

Source Deve Zn
 

A loth=term groundwater supply by induced infiltration wells, 
tapping the surface gravels of the Taguibo River Valley to the 
northeast of the City Pooper, has been found to be the most eco
nomical and practical for the study area. A total of 20 wells will 
be constructed in Taguibo for the long-term improvement plan. Based 
on preliminary field observat.ons, it has been assumed that the wells 
will have 250-11m casing, depth of approximately 50 meters, and spaced 
approximately 400 meters apart. Each well will be equipped with a 
diesel engine-driven well pump capable of delivering 2,200 cumd at 
a total head of 80 meters. Six (6)wells (5 production wells plus
 
I stand-by) will be constructed 
Six (6) wells and 8 wells will b
struction phaue?. 

duri 
e addod during 

the initial 
2 

construction phase. 
subsequent con-

Transmission Pacilitias 

Transmission lines to be constructed for the longe-term improve
ment plan will total 53.0 km ranging in size from 300 to 450 mm. 
These lines will connect the well sources and storage tanks to the 
distribatior system. Mains, ll.3 km long and 300 to 400 mm in dia
meter, will te installed during the first construction phase to 
transmit the flows from the Tucuibo wells. 

Water Treatment 

The only treatment that will bt required for the Taguibo deep well 
water supply is disinfection by chlorination. Chlorination facilities 
will be installed at 5 points. Two (2)stations will serve the first 
6 wells and the other three will treat the flow from the latter addi
tional wells. Chlorination is also recommended for the surface water 
and well sources at Bonbon. The chlorination stations for the Bonbon 
supply are recommended to be constructed in the Early Action and 
Interim Improvement Programs.
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Storage
 

Two (2) storage tanks will be provided in 2 construction 
phases. The first tank will be a 2,500-cum ground storage tank to 

be constructed during the second construction phase (1982-86) near 

Bonbon at a ground elevation of 28-35 meers. It will be connected
 

by a 300-mm line to the transmission line from the Taguibo wells. 

The second tank will also be a 2,500-cum ground storage facility. 
It will be built at the same location as the first tank and will like

wise be connected to a later-stage transmission line from Taguibo.
 

Distribution Mains
 

A total of 58.1 km of distri'ution mains and 107 valves ranging 

in size from 150 to 300 mm will be installed. Pipes, 10 km long and 150 
to 250-mm in diameter, and 19 valves will be installed during the 

first phase of construction (1977-82). The initial improvements will 
be concentrated in the core city and densely populated areas of 
Butuan City. 

Internal Network 

Internal network piping (service mains) will be installed to 

reinforce the existing distribution system and to extend the water 

service to new areas. It is projected that tor the year 2000, 

1,325 hectares in and around the Butuan City poblacion will be served 
by the water system. Of this area, 300 hectares will be served di
rectly from transmission and distribution mains and 1,025 hectares, 

from the internal network system. All areas with internal network 

piping will have fire protection service.
 

During the first construction phase, internal network piping 

will reinforce the existing network, including installation of fire 

hydrants, in 40 hectares of the present service area. Additional 
160 hectares within the core city will also receive internal network 

piping but without fire protection service. Installation of fire 

hydrants in new service areas is deferred until succeeding or later 

construction phases. 

Service Connections
 

The long-term construction program involves a total of 22,500 
service connections by the year 2000. Some 3,000 new connections 
are scheduled to be installed during the first construction phase, 
bringing the total number of servioee to about 3,500 by the end of 
this construction period. All services will be metered. 
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Other Facilities
 

The existing offices and faciliLies for 'the adininistration and 
operation of the BCWD are housed in rented mnd overcrowded premises. 
In addition, the disatrict does not have faoilities for the testing 
and repair of iAter meters, and for water sampling and analyses. 

SC12/ 

Construction Construction Construction Total Project Foreign Exchange 

Stare/Phase Period o Component (US$) 

Early Action P 569,000 654,000 $ 55,000 
Interim Improvement 248000 285000 19,000 

I-A 1977-82 22,986,000 33,868,000 1,586,000
 

I-P 198246 28,230,00 41,855,000 1,881,000
 

I-C 1986-90 12,152,000 15,521,000 511,000
 

I- A 1990-95 34,069,000 51,551,000 2,455,000
 
11-B 199,200, 12 127,000 12,216p 89
 

TOMA -1 L810002 1P'162,950000 $,06,000 

5. Metropolitan Cebu Water District (MCW]D) 

Source DevelopL=nt 

The long-term supply of the MOD will be derived from the Balamban 
and 'Mananga Rivers. During the first ocnatruction period, Balamban 
River i1.be developod, 

-An 82-met cr high dan, loazted near .Parri.o Lusaran, will be con
structed -to regula-te the alamban Rivex flows to an estimated potential 
safe yield of 138,000 cumd, which is expected to be adequate until 
1993. Additional supply to meet projected year 2000 water demands will 
be derived from the Mananga River which is scheduled to be developed 
in the fourth construction perioda 

llAcosts are based on July 1976 prices.
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The selected dam site on the Balamban River appears to be
 
suitable for construction of either a roc.ffill or a concrete dam.
 
The project will a2lo h.clude uJintream and downstream cofferdams, 
a diversion tinnelq a chute-type opillway, access roads, and raw 
water system conoisting of a reinforced concrete intake tower and 
transmiosin line to the Talamb n wv;ter treatment plant. 

The Maanga River sourco develomient facilities will include 
a 96-meter hifh da.m located 1.5 lkn north of Barrio Jaclupan to 
regulate the Kiana River flows to provide an estimated potential 
safe yield of 83,400 cuncb O(her facilities will be similar to 
those recomi;9rded for the !Ra!irnban River development. 

Raw Water -h'~srnsdosion Line 

Raw "aier transmi-sion lines will deliver raw water from the 
surface nomrcoi; to thteir rinopective treatment plants, A total. of 
29.1 lm f tstcrr':Lnsion r from 600 2,500]1e ranig 1.j' size to mm 
will be newi i.. 

The initial trarsmieion line will consist of a 7.6 km long, 
2,500-m die oter Colit'n5-!:[nMd tmmcnl and a 7.7 In long, 11000-mm 
pipeline. Pf.wver, the tra Lmi1sion pipeline will be adequate only 
until l988j thus a 7."f' km long, 600-mm pipeline will be con
structed drirng thii'1 conitruwtion period to reinforce the line. 

For the Manang-a River sYstew, the raw water transmission line 
will consist of a 6 1 krilong, 1,000-mm pipeline. 

Water Treatment Plants
 

Complete treatreait wifl. be required for both the Balamban and 
Mananga River waters. The proposed treatment plants are conventional
type and will employ ooagulat.ion, flocculation, sedimentation, fil
tration and disinfeotiono
 

The treatment plant for the Balamibsn River supply will be located 
near Barrio Talamba- and will have an ultimiate design plant capacity 
of 166,000 cured. The initial. facilities for a 120,000-cumd capacity 
will be installed during the first construction period and will in
clude a chemical building and an administrative building. These 
building facilities will be designed and constructed to be adequate 
for the full capacity of the treatment plant. Expansion will be im
plemented during the fourth construction period. 
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Bhe .-reamen' plant and facilities for the Mananga River supply 
will be similar in design concept to those recommended for the 
Balamiban iz-nt,_.ca1cit-ym, i i1"I. C of the Plant is 1001000 cumd, 

Treated Water Tranaiesion Dacilities 

,i d :e t>. i.n lines ill convey water from treat

ment plants to the d.istribution system or storage facilities. A 
total of 85 kni of tran --mintirion mains ranging in size from 200 to 
1,400 n.x .i~l bc- needed in the long-term improvemenL program. Thirty
three (33) kD of 250 to 1,400mm pipes will be installed during the 
first conetructicn period.. These facilities will include the line 
from the Talamban trealnent plant to Cebu and the Tisa storage tank, 
the linc tromthe plant to Mandaue tnd Laga lapu, and the line to 
Consolacion, Liloan and Mandaue, 

S4. (6) ..w orzv;o f ii.i. with a total volume of 60,600 cum 

will be providcd ii 4 conntriuction phases at the 2 treatment plants 
and Tisa. Pivc (5) of the:'o tanks w.i 1 ve operational ranges vary
ing from , to 7 mteirs .n'i overflow elevations at 70 meters. Initially, 
a 20,O00(-cmn groond storaL- tank with a 7-.meter operational range will 
be locmtt.d betiween e6e3-tione 6-70 meters at Tisao 

Tho sirtL .o.C ank will be in ta.led during the last con
struct-±on perik.d. "hn will have a capacity of 600 cum and an overflow 
elevation at 1&0 m,tern to crve the high area in Talamban. The existing 

Betanie rage ank will alon be improved. 

TAc boos.t,- mi.xpii Ftations are needed in the long-term plan 
for the 16CW s.' item. One Pimping station will serve the Guadalupe-
Lahug arca; the others the high area at Tlamban. 

The Guualujx,-Labu$ booster zone will encompass the area in 
.Barrio3 Guadalupe and liahug between ground elevations 40 and 90 meters. 
The pump station for this zone will be installed during the second 
construction period at d will have a capacity of 4,000 curd. It will 
be couetod to .he existing Betania storage tank through a network 
of 150-2O Tm diutributLon mainse A reinforced concrete cover will 
be provided for the Betania storage tank to protect the water from 
contamina.tion. The capacity of the pumping station will be increased 
to 5,000 cu d in the fourth period, with the installation of additional 
pumping units. 
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The pumping strhtion for the Talamban booster zone will have a
 
4a,000-cund capacity aid will 'Ieconstructed in the last construction
 
period.
 

DIlistribution Mains 

A total of 153 km of distribution mains ranging in size from
 
150 to 450 nu will be installed. Initial improvements to the feeder
 
oystem, consisting of 29 km of 150-400 mm pipes, will be concentrated
 
in the central area of Cebu City, the core city areas of Mandaue and
 
L p.u-Lepu and in ConsolacionT Liloan and Compostela. 

Internal Notwork 

Internal network piping will be installed to reinforce existing
 
yintronial networks and to extend the water service to new areas. It
 

izi pyojected tlmt by the year 2000, 5,050 hectares will be served 
0) the water system. Of this area, 1,330 hectares will be served 
Oivectly from transmission and distribution mains and 3,720 hectares, 
f£'om the internal network systems. 

Duirimg the initial construction period, 630 hectares of of exist
ing internal networks in the cities of Cebu and Mandaue will be rein
forced. This will cover the entire network serving Mandaue and an 
area in the older portion of Cebu City and its high-value commercial 
and institutional district bounded by distribution mains to be installed 
,1;aing the same period. New areas to be provided with internal network 
include 100 hectares in Cebu City and 40 hectares each in the central 
parts of Lapu-Lapu City and Consolacion, a total of 180 hectares. 
bou't 60 -kmof 100 and 150-mm pipes aid 251 commercial-type fire by

dZhints will be installed. The ares to be covered by fire protection
will be limited to 300 hectares in the core city of Cebu, 100 hectares 0 
in Mandaue, 30 hectares in Lapu-Lapu and 10 hectares in Consolacion. 

Service Connect ions 

The long-term program involves the installation of 119,70O new
 
oervice connections in NCWD. Of this nunber, 7,700 connections will 0 
be installed during the early action and interim improvement programs. 
, O,10 17o 0) new connections ar-e to be installed and about 2,000 
existing acrvice coiuvtions will be replaced during the first con
-truction period. All services will be metered* 
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The tj admii3stration of the M1CWD 

ill rapidl? tecome sinadecaite fcr the expandod water ysrtcm and 
raf.v o ofeitreraidiitaioIid~ at 

-the ....... t. J - ie in the first con
atructwT!r ~ ru. Iii~Cc l~~laboratory,~ wa-tCr 

new and approa er aliengi ard er&ix equipment a'd general 

shop Jm ,..n "ater analysis laboratory 
will be tra.I-j; tv buildinL,, The water 
ana,.ysi-,. * e','/ : shop will be expanded 
during the fcu Lh Lcc rcstr'c-in period. 

Proi C4 . (os (r x 31,000) 

Const,.urloiLiOn Foreign 
Construct ion Conctruct i o, Cos Local. Exchange 

Phase Per io01( Pxt To tal 

Early Action 
Works 1976 5,03ru 3,555 2,264 5,819 

Interimimr 

menta 197678 16,360 9,537 11,138 20,695 

l-A 1978-82 399,175 330,360 189,746 520,106
 
I-B 1982-81 38,795 24,055 26,492 50,547
 

I-C 19M)_89 69,.53 46,199 44,426 90,625
 

II-A 1989-94 379,627 312,830 181,805 494,635
 

ip 8TTAL ,9__ "9 122 ,28808 

/All cote are based on July 1976 prices. 
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6, Li.a City Water District (LUWD) 

Source
 

The , ppl' 1CWD be;.c uply for the will derived primarily 
from groundwaite ;.- , - <V: " have pressure zonesJi _1li 3 

served by a lotal of . . .42..Lz £ hcb 9 5 cnd 4 operational wells
 
are pl U,-. to .. nes 1.,2 and 3, respectivelv. EAch
 

.......... il b ... .- w interconnections
•.. 4a we].l, 
a. on.,.the , 3p or;; lly closed and will be
 

opened nnly choring oW -'
 

_,, iht o f,thr, n .1 . ' "...one 

follow as; OiOGOc '/ i &hrowti ando expansion of -the service
 
area. 7The fol .o:. -~w 


Czn x c w - .. l in 3 Btages and will 

"' ... havve been established, based on the
 
aval)3abl& limited weil for the .4eYl construotion: (l) well
 
apacing, 2 km in each ,q fer; (2) well depth, 100 meters in the
 
upper aqui._. and. 2100 c'. in 1,,ti.ower aquifer, (3) size of casing, 
200 rrm; (4) yie.T, one wv'aj~e,3 0 0 cuind; (5) pumping". w: eI1.. 

water l.evels 45 moto:+fe: for, he uT qr aq-.ifer and 1353 meters for the
 
lower aquifer.
 

I e i -r ution faili.ac.1ttieetn sdifor the long-term improve
ment p'ogram Lw of inof .,ID will. ;.oide 47.,31 i pipelines ranging size 
from 100 to .150 iri Thea-. T,.iL, . se jre o connect the well sources 
(and ey-iritinuc: oes) h h. propossod storaCe tanks an, the internal 
network of*the LCWD. ii the fi'sit construction period, 15.6 km 
of pipelines rain. in oIzo from 100 to 200 mm will be installed. 

Treatment 

The oniy trcatment proposed for the water supplied to the LCWD 
S.yet em is disinfection "by nch'oinat.ion, Chlorination facilities will 
be provided for every addiioial wells, 

The u.tiijnte storage reqtnirement izi Lipa, is 2,800 cum, with 
1400 Cum to be provided in the firet construction stage and additional 
1,400 cum to be provI.tod in 1he second construction stage, The existing 
storage ton.k in the poblacion is rtcen~o.. to be kept as emergency 
storage and the Pernando AiL- BaI-e 'ei 'e :.lcilities should be restored 
and kept in servioe. In th first construction phase, the storage tank 
in the poblacion will be utiliZed and the storage tank at the Fernando 
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Air Base will be renovated. During the second construction period,
 
the required 1,400-cami storage will be provided throgg h ] .G0O-cum 
storage tank, located in Parri¢- BaiinTtagah at an elevation range of 
335-340 meters, and through another 400-cium storage tank in Barrio 
Tibig at elevation ruange of 362-365 meters, 

Internal Network
 

lnternitU network piping will be installed to reilforce the existing 
distribution system and to extend water service to new areas. Existing 
internal network systems for 14O hectares will be reinforced by 1990. 
New service areas will be provided with internal network covering
40 hectares, 70 hectares and 125 hectares by l982. 1986 and 1990, re
spectively, in the first stags of the long-term construction program. 
Hence, it is projected thaLt by the year 2000, 680 hecta-es of service 
area will be covered by in"to--ni. network pi1ping. 

Service Connections
 

The lon-term constructicn progran involves a total of 14,600 ad
ditional service connections through the year 2000. Tkring the first 
construction phase 2,050 new comections are scheduled to be installed. 
Metering 1sallc-1ioe corcoctions i a goal of the water district. 

Other Faciiities 

SI. prooont, the LG0D ocaupies a sr-,ail office space within the 
compound of the Lipa C'i-ty agineoring Dovrtmient. The existing office 
is not adequate for proper operation and management of the district. 
A new administration building- ill lie built in the first construction 
phasve. This office complea will include an administrative area and 
functional opace for laboratory, meter shop, storage, Larage and 
parking which are, in general, needed for the efficient operation of 
a water district. 
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ConstruCtion Proc 

Conatruction Construction Cort C __-p )) 

Phase Period p I W.) Local IC Total 

Erly Action 

Works 1977-78 983 461 726 1,187 

I-A 1978-82 10,774 7,340 6,700 14,040 

I-B .982-86 [,365 5,762 5,210 10,972 

I-C 1986-90 5,262 31344 3,512 6,856 

II-A 1990-1995 102517 7,355 6,427 13,782 

II-B 1995-2000 3887 _.1 

TOTAL L8 81 =450 

7. Lucena-Pagbilao-Tayabas Water District (LPTWD)
 

Source
 

The long-term water supply for the LPTWD) will be derived primarily
from the Iriay-it Spri namsion of the cexjsting collection facilities 
at May-it Spring includev misicellaneous Eiite works, construction of an 
additional collection hni)ber, construction of a valve/metering chamber 
and construction of a i,5 1I gravel-surfaced access road. These facili
ties will be constructed di.ring the firft conotr-iction phase and will 
not require expansion during the stiidy perioI. These facilities will 
provide the projected de~mai.-cl in Luc na and Pagbilao until the year 
2000.


The exiatirg raado ',,albi -,Lai ", 

Ge il.o Peauijo antl Dapdap "A" and "B" 

spring raoilities wi.1 impp'r water to itabas, and will not recuire 
additional works exoe;t for the construction o, a 2-lai access road. 
These springs will prori,"c nfficien flows to meet oystem dernandsn in 
Tayabas until 1995, at which time the .pdap "C"12 "D" and "E" Springs
will be developed -t provide the additional 1,650 cumd required to 
meet projected year 2000 demrnds.
 

14/All costs are based on July 1976 prices.
 



Irans m;isnion 

The transmission facilities for -the long-term improvement program
" 
in the L?2Y -ill include 21.,6 km of pipelines rar~:ing in size from 

200-to 700 , They s -.Iv concnect the spring sources with 
the proposd storage tancs aind istribution systems of Lucena, Pagbilao 
and T-aya_-s., During the firAi ph~aee of construaction, 17.7 km of pipe
line -11c.,,.. rafuritg size from 200 to>,-i.ud a-purenances. ir. 

7N0 num, iill 'be constructced.
 

Treatment 

Thu ony treatment propose fo.: the water supplied to the LPTD
 
system is di.,.infection by chlorination. All chlorination facilities
 
required Xfu' projected year 2000 flows -iill bie provided during; the
 

r1 Lotior Progat,. oxcapt those for the 14ay-.it SprinC supply which 

will.be auitmented with iarge,-cvap.city facilities dUring tho first 
oonstruct ion phase. 

The ultirmate storage requiremant in PfagI o ip 900 ounm, with 
500 cum to bd rovic ied in the first constructicn phase and 400 cur to 
be provided by 1992. Both storae task3 will be constructed at an 
elevation of 70 meterst approximatel] 1, k-m from Pagbilao along the 
Pagbilaoo-Tuyabas Road. 

The ytear 2000 stor-go re .mti'- for Tayabas will be provided 
in 2 stages, 700 Cni, to be r-rovided n-ethc rt onotraction nhase 
and 500 oumr te be provid.nd by 192o These storrag, tanks will be 
located at an elevation of 230 meterr%abont 1.0 km from Tayabas along 
the road to the northwest of Tayalbar_ 

ucr n ocated 
Isabang and Tongko, Economic comtarison of' various alternatives 
indicates that 70 percent oi the Lucena stora.ge requirement ;.ill be 
provide- a-t the Tongko site. The firsthse cinstruction will con
sist only of providirg covers for the . a 

The storiige reqadre cn -c.. , l,(-;ef 4 .be at 2 sites 

"t.... T 
projecl;cd year 2000 storaze rei:romen; ath Tongko ,50 cur) will 
be included in the new tank to be constructed i-n 1992. 'The balanceof the- Lucena, stor'e "n t"

of the stor:e requirement loceatoe at is-abang,atnLuena -will be 

elevation of 70 meteo, 
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Di otr iu i oil 

7he total constx-actu pi'ogra for the utu(tv period incudes 
60 kin of pi]pelinn r'mgIn In size .romf '150 to 250 m. The first 
phse ,)-f c s-t c:t. .In!des 13.4' ko f pipelinos of sizes 150 
-to 250 ,mo 

nitenal .o 

1nterici,.l i-.t.,,:.' i r-lled to reinftooce the exist
ing distributicn <yct-m, and to v.'zend irat; service to new areas. 
Exiiting interntl n ooystims f-, abut 30 hNOtares wilI be re
inforced by arnzi j 'vb prnvidhd wth i teral 
network cover.*. c 20 1' . by 1() 85 1990 and 2000,

r1spet ieye ;' the elr 200,M 1,155ki, th,:t by 

hectare_ f ,n icQ ee - co red by i1-titrgI ,network pipi-ng, 
Ad.Jitional '1 1 . ',, .- 3. from tranf-isJon and dis
tribution iai.us will i0e.. ia. ,, & " ervice rea to 1,470 

Service Connec-LI0on 

The 1o _..... : -:o.ruction pgram involves a total of 24,900 
additiona!. sefr-ice ' m-eetiox.z Iy the year _Du)0.,DrivU the first 
conptru.Lion pha,Gc.: 0 0 ,;omnctJon are scheduled to be in
stalled, i~ete :L .l ':ice 0onne re is goal of he water 
districtc 

Other tci1 i i 

Thre LPT~'WINatD-.n, ai off ice in ., hioli it (LThD) owne 
but in locatbd on land oi-neJ by th-- Froviincial Government., LPTJD 
does not have faoilitie:, for the testing aand reroir of customer water 
Inetera, anet for kai- ipnm, and a.vyses. To provide for the 
necossary facilities and space, a new ad-minitration building will 
be bujilt in the first con.rstrotion phase. Additional revenue offices 
for Tayabas m'aiyiobe Lt laterar.d Ir3y construated a stage. 
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Construot ion -!,d°10 

, ro: rar.. Corsy F00.1r Lc 

(1 -v- ,692.0 821.0 1,222.0 2 O0 

_1 120 7.3 3" 489. 0 

P e 2O,2731 7,047o3 7,640.5 l4,688.3 

Phase I-C (1A-90) t61. 72 52,631,- 8,5,1,.-2 16,441.6 

Rha .a . 5 ) 21,068.9 13 309.3 1.4,081..,' 27,451.6 

Phase II-E '1995--00) LX2 ,381.6 l2,36-2 

TOTAL 8 l2 538,0 r OO6 4 A 110~~~ 

8. Tarlac Eyater District (TMD) 

Source
 

The long-term wa.ter up:i. for the TID* will be derived mainly from 
deep well so'oaceB :se area w-il e 2 pressutro zones servedThe c-x<' 
by a total o' 11 now wo ll. of1 which eight (8) are planned to serve 
Pressu_,'e Zone 1. iThteron.feiotons botw.n the 2 -,pressurezones will 
be norma!ly cloz.od and 7.Till opened o:;.iy uUi'i.g emergency ,ituat ions. 

.......... ... of the ne, l! will be done :Ln 2, taLes and will 
folpsis E'S . ge-row A of the serviceclosely Possilblc 4 aid.. 
ar" , The following critrima have becn-c.- .shod based or, -the 
available limited woi2 data fo:- the well c.ostruction; (1) well
spacirg, 2 kin; (2) well. dopth, 200 m -rs; (0) diaeter of casing,e 

300 mm: ( ) average yield cf one well; ,: cid; (5) pamping water 
level, 65 .me'er3. Pour (4) new wells are to be oons9tructed during the 
initial construction period. 

'.eatment 

The u'nly trcatment proposed for h'n-rter supply of T0 is disin
fection by chlorination. Each deep well will 'be equipped with chlorin
ating facilities to be Thistalled adjacent to it. 

1A11 costs3 are hased sn July 1976 prices. 
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Storme
 

Five (5) reservoirs will be constructed, three for Pressure Zone 1 
and two for Preuoare Zone 2. All reservoirs will be located at the 
higher ground elevatione aoathwest of the poblacion. 

For Pressure Zono I, the ultimato storage requirertent is 3,300 cum. 
This volume will b prvided at 2 sites in 3 constructed phases.

6Initially, a 1,300-cum standpipe (2,100 cuali operational volume) will 
be built near the provincial hospital. In 2 separate subsequent con
struotion phases, a 700-mum ground level tank and a 1,500-cum stand
pipe will be added, All storage taprks will have an operating range 
of 5 meters, overflow elsvation ef 70 imeters above mean sea level, and 
an automatic or manual flow control device. 

For Prerus'e Zone 2, uith an ultimate storage requirement of 
1,100 oum, a 2,400-um (600 cum operational volume) standpipe will 
be constructed in 1978-&0 at Barrio San Jose Urquioo. A second stand
pipe with 2,000-oum total volume (500-oum operational volume) will 
be built at the same site in 1990-92, Both tanks will have a 5-meter 
operating range and overflow elevation of 90 meters. 

Distribution Mains 

The existing distribution mains of TWD will require reinforcement 
and expansion throughout the study period. The total construction 
program for the study period includes approximately 66 km of distri
bution mains ranging in size from 150 to 450 mm. The first construc
tion phase requires 13 km of mains ranging in size from 200 to 450 m. 

Internal Network
 

Internal network piping will be installed to replace existing 
pipes that are undersized or badly corroded to reinforce the dis
tribution system and to extend water service to new areas. The exist
ing internal network systems in 230 hectares will be completely 
reinforced tY 1990. New areas that will be provided with internal 
network will cover 120 hectares in the first construction period and 
will total 415 hectares in 1990 and 610 hectares by the year 2000. 
Additional 300 hectares will be served directly from distribution 
mains, increasing the year 2000 area served to 1,140 hectares. 

Service Connections 

The long-term construction program includes a total of 23,200 
additional service connections through the year 2000. During the first 
construction phase 4,900 new connections are scheduled to be installed 
and 200 existing connections will be replaced. Metering all service 
connections is a goal of the water district, 
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The existing adminit;-trative and operations facilities of the TWD 
oac sist of a rented cmnthral office in a local co eroial building, 
an improvieod field localtd beneath -:ae elevated storage tank and a 
small wooden shop. Tne district does not have facilities for testing 
and repair of water meters avi for uater sampling and analysis. To 
provide flor the neeessary faciliies/spaoe, a new administrative 
building will be provided in the first construction phase. 

Beoauae of the similar neods of the Oabnatuan City and Tarlac 
uter districts, the relatively short distance between them, the 
relatively high capital co6t of laboratory facilities auid the relative 
scaroity of experienced laboratory porsomel., only one laboratory will 
be constructed to serve both water districts. This lPboratC 'Ywill 
be built in Tarlac. 

Capital Cost Su rL,61 

Construotion Construction Project ost( x 1,) 

Construat ion Phase Priod Co l O Looal FEC Total 

Early Action Works 1977-4978 1,305 690 886 1,576 

Phase I-. 1978-1982 19,353 13,928 11,289 25,217 

Phase I-B 1982-1986 12,027 7,951 7,727 15,678 

Phase I-C 1986-1990 5,779 3,603 3,927 7,530 

Phase I-A 1990-1995 14,513 9,763 9,155 18,918 

Phase II-B 1995-2000 8094 1 5J86 11589 

TOTLL 61,871 41.662 _ ,4 8,0 

16/.Al1 costs are based on July 1976 prices. 
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9. abamtum City Water Di triot (CCWD) 

Bouro. 

The long-teem water supply for the CCWD will be derived matinly

from deep well souroeso The service area will have 2 pressure zones
served IWa total of 16 new wellg of which fourteen (14) will
 
serve Pzts'exese Zone 1. Because of the reoomended well spacing of
 
1 to 2 kmp 2 wells will be needed in Pressm-e Zone 29 although the
 
=ter demand in this pressure sone in very smal. Excess water

from Pressure Zone 2 will be transferred to Pressure Zone I through
 
a pressure-rogulaing, vlve0 

Construvion of the new wells Viil e done in 5 stages and will

follow as closely as possible the growth and ezpansion of the cerrice
 
area. 
The following citreria have been established based on the
 
available limited well data, for the well oonstructions (1)minimum
well spacing, I to 2 kw; (2)well depkh, 300 meters; (3)diameter
 
of oasing, 300 tam; (4) average Yield of one wll, 2,600 cumd;

(5)pmping water level, 30 mierc . Six (6) neuw wells will be con
stiucted during the first oonstruotion phase.
 

YZeatment 

The only treatment proposed fkyru the water aupply of CC4D is

disinfeotion ty chlorination. Ucgi deep well will be equipped with

ohlorinating faoilitiem to le installed a 
 c-asvnt to it. 

ftoraim 

For Pressure Zono 1, the ultinmte storage requirement is 4,800 cum,.This volumG will be provided at 3 sites i 2 oon:ruotiorn phases. Two (2)
Otorage faoilities will be provided during the first construction
pkae,, In 197&-80 a 4, 60q-c istaadpipe (1,200 oum operational volume)
will be built in Barrio Ban-tug aulalo. The s*condffoility will also
be a atandpipe with 5,300-cum volume (1,200 cue operaiior.l volme), 
to be built in 1980-82 in the poblaoion. Both storage tanks willhave an operating range of 5 meters, ovvwf'low alevation of 70 meters 
above mean sea and willlevel, be equipp-l with double-acting altitude 
valves for flow control*
 

For Presurae Zone 2, with an uItina~e storage requirement of only
100 cur, a 400-oxuw (100 oum operational volume), standpipe will be con-,
atructed in 1995-97 in Barrio Ba.gad. The tank will have am overflow 
elevation of 60 meters and will be equipped with a double-acting
altitude valve. 
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Distribution Mains 

The existing distribution system of CCWD will require ruin
foroement and expansion throughout the study period. The total

construction program for the study period 
includes 54.4 kr: of 
distribution mains ranging in size from 150 to 250 mm. The first
construction phase requires 13.2 km of mains ranging in size from
 
150 to 250 mm.
 

Internal Network 

Internal network piping will be installed to replaoe existing

pipes that are undersized or badly corroded, to reinforce 
the dis
tribution system and to extend water service to new areas. Initially,
the internal network over a 200-heotare portion of the existing
service area between the Cagayan Valley Road and Nabao Creek and in
Barrio Aduas will be reinforced. The existing internal network
 
systems in 340 hectares will be completely reinforced tr 1990. New
 
areas that will be provided with internal network will cover 100
 
hectares in the first construction phase and will total 350 hectares 
in 1990 and 570 hectares by the year 2000. Additional 220 hectares 
will be served directly from distribution mains, increasing the year
2000 area served to 1,130 hectares.
 

Service Connections
 

The long-term construction program involves a total of 22,950

additional service connections through the year 2000. During the
 
first construction phase 4,550 new connections will be installed and

600 existing connections will be replaced. Metering all service
 
connections is 
a goal of the water district.
 

Other Facilities 

The existing administrative and operations facilities of the
CCWD are housed in a rented central office in a local commercial 
building. CCWD does not have facilities for testing and repair of 
water meters and for mater sampling and analyses. To provide for the 
necessary space and faoilities, a new administration building will
be built in the first construction phase. However, a regional laboratory to be located in Tarlac will take oare of the water analyses
for the CCWD and other water districts in the area. 
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Capital Cost Summa / 

Construction Project Cost (Fx 1.000) 
Construction Period Cost (P1,000) Local FEC Total 

Early Action Program 
(1977-78) 1,077 437 863 1,300 

Phase I-A (1978-82) 21,960 18,046 11,184 29,230 

Phase I-B (1982-86) 13,225 10,078 7,477 17,555 

Phase I-C (1986-90) 9,416 6,482 5,797 12,279 

Phase II-A (1990-1995) 14,734 11,088 8,125 19,213 

Phase II-B (1995-2000) 10,52Z 7,402 6,9 2 

TOTAL 709553.533 3975 93.2-98 

10. La Union Water District (LUWD) 

Source 

The long-term water supply for the LUWD will require a total of 
25 infiltration wells, of which seventeen (17) will be in the Bauang 
system and eight (8)inthe Baroro system. The infiltration wells ' 
for the Bauang system will be constructed in 4 stages, the first of 
which will involve 5 wells. The following criteria have been es
tablished based on limited available data, for construction of the 
Bauang infiltration wells: (1)well spacing, 100-150 meters; 
(2)well depth, 50 meters; (3)diameter of asing, 250 mm; (4) avr
age yield from one well, 2,000 cured; and (5) pumping water level, 
20 meters. 

For the Baroro system, the infiltration wells will be constructed
 
in 3 stages. Criteria established for construction of the Baroro
 
wells are: (i)well spacing, 250-300 meters; (2) depth, 40 meters;
 
(3)diameter of casing, 200 mm; (4) average yield from one well, 
1,000 cumd; and (5)pumping water level, 20 meters. Three (3)wells, 
two operational and one standly, will be constructed during the first 
construct ion phase. 

.: J/All costs are based on July 1976 prices. 
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Treatment
 

The only treatment recommended for the infiltration well water
 
is disinfection ly chlorination. Separate -acilities will be provided
 
for each system. 

Transmission Facilities 

The proposed transmission facilities for the lang-term improve
ment plan in the LUWID will require 34.2 lr, pipes ranging in size from 
200 to 500 m for the Bauang system and 24.1 km of 200 and 300-m 
pipes for the Baroro Lystem. During the first construction phase, 
21.6 km of 200 to 500-m transmission pipelines will be constructed.
 
Of this total lengtbh,15.2 km will be installed for the Bauang system
 
and 6.4 kin, for the Baroro system.
 

Distribution Mains 

The total construction program for distribution mains includes 
31.87 km of pipelines ranging in size from 150 to 250-m in 
Bauang system and 11.80 km of 200 and 300-mm pipes for the Baroro 
system. Initially, 4.45 km of 200 and 250-m distribution mains will 
be required for the Bauang system service area and 0.60 km of 150-a 
pipe for the Baroro system. 

Storage 

Five (5) storage tanks will be constructed at 5 different sites 
in the reoommended long-term LUWD water system. Three (3) tanks with 
a total storage capacity of 4,200 oum will be provided for the Bauang 
system. The remaining 2 tanks will be for the Baroro system and will 
have a total operational volumle of 900 oum. 

The existing 450-cum storage tank in San Fernando will be retained. 
The existing 150-cum storage facility in San Juan will be abandoned 
because its overflow elevation (66 meters) is significantly higher than 
the long-term HGL of 60 meters. 

ooster Pmping Statio 

A 2,000-oum booster pumping station will be built during the
 
last construotion period, at the junction of the Bauang and Baroro 
systems. This station will be needed during the dry periods to tranfer 
water from the Bauang estem to the Baroro system. 
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Internal Network 

Internal network piping will be inscalled to reinforce the 
existing internal networks in 160-hectares area of San Fernando and 
and 25 hectares of San Juan and to extend water service to new areas. 
Wr the year 2000, a total of 805 hectares (including existing 183 
hectares) will have internal network piping. Additional 350 hectares 
served directly from transmission and distribution mains will increase 
the year 2000 service area to 1,155 hectares, 

Service Connections 

The long-term construction Irogram includes a total of 20,350
additional service connections through the year 2000. During the 
first construction phase, 1,500 new connections are scheduled to be 
installed and 200 existing connections will be replaced. Metering
 
all service connections is a goal of the water district.
 

Other Facilities
 

At present, the LLI7WD occupies a small provincial government
owne!. office building which is sot adequate for efficient operation 
and management of the district. It is recommended that a new office 
complex be constructed for the 1IWD in San Fernando during the first 
construction phase. 
This office complex will include an adminis
trative area and functional spaces for water analysis laboratory,
 
meter repair and plumbing shops, storage, garage and parking.
 

Capital Cost t 2 
Construa ion -PoetCs (?X20n' 

Construction Construction Costosion 
Phase Period P1100 Local FEC Total 

Early Action 

Works 1977-78 943 624 515 1,-139 

!-A 1978-82 24,016 16,003 15,288 .31,291 

I-B 1982-86 7,670 5,324 4,671 9,995 

I-C 1986-90 5,221 3,177 3,625 6,802 

II-A 1990-95 359046 229189 23,576 45,765 

Il-B 1995-2000 8,75 17.850 

TOTAL 86,592 56,292 56,550 112,842 

1 Based on July 1976 prices.
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SUMMARY - PREFEASIBILITY STUDIES FOR 100 CITIES
 



ArPEi N-1 Ix C 

Z~~1M!. A1?Y PhIEzDLh STDSF110 GITIES 

fea...b_. . v ,ur'v,-y and aat,-, c~ollection eiire conducted on
 
131 o'reas sv ,! 150 water srlsems for a pariod of 8 months.
 
(1,co -"-..... ...... oo,-ir0d of ol oties/municipalities with
 
existing wt, . . " itI a iulEtion of 30,000 or more in the
 
Thilippine ) . . .. Pi.'re. 0-] zhows the location of the sudy
 

h ]0 C' w,-ter U t.em! luie- foe nd vitab.0le 

a13 Cap.itil ,,L,-,.E ,.. r'OjI-- CPtO i'oY- 0!lo,. water supply imn-rove
rments and ]6 ' proj-ct for "!irtial" improvement. Data
 
on the£,e ater -,: h. are sumn-marizod below:
 

Complete 1 / Partial2 1 
nmi2cltlsrjct3 

j',jtnber! 0" 2';7 ri 6 16 

improveanc nt s 7-273,635,0OO P79,304,000 

Voi''eig-ri ,,. .. ,or ,,out $ 9,948,000 S 3,979,000 
.... im i 'i " ota;. iopulation 

Served by 1983 !,940,000 415,0OO
 

Aver_,Es }bpu]atiWn Se.i'ied 30,000 26,000 

Averaoe Corzcntrtion Cost 
Per -'oject P 4,210,000 ? 4,956,000 

Avers:. ori-- Exclmna 153,000 $ 249,000 

Average Coiitru,;t.on/Cost 
Fer 1983 fR'a:idexit t 141 191 

Co.rplj;" , re from tho technioal and 
eccnomic criteria. au are recoorm;re. for capital -..-:r intance imme

ial 'i u-o,-cts --. bausd on certainare lly feasible 
<(riteria. Capital vs:istriaice ma: be provided on a se'lective basis. 

Iosnot ... other ¢cmj;i. ch as land purchase, engineerli. 
se s7 io( nl 4a,d adminirtrative (osts, interest during construction 

and oontinF;vncies. 
I
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Forty-eight (48) of the 110 -aer system would reqaire special 
technical studiez-, most of which relate to groetrdwater investigations. 
Fifteen (15) of theM arc amnor the 65 sLystems recommended as capita] 
assistance projects, and five, among the "partial" capital assistance 
projects. 

Needed improvemen :.s v-;h oh would cost relatively little but would 
greatly incroxape -ho iat;r oiupply were classified as emergency works. 
Such works i ouo1T be equired in .58 water systems. Most works are in 
the cate-cr- cf °brokun p'imp or eneineos which go out of order fre
quentlyU 1Cz\X ;C trflf miisz on" lines, et.c.
 

T-~enty-nine (29) "........-wer e o .., .re; 'o4/suitable for
-'dreqcapital l.soa s.o:: -nr available information., Only in about 

six of the l10 $ztoms are thr, people not serioualy inconvenienced
 
by lack of wjott'r. Tn the majority ax^ the system- pressures are
 
low (or non-exiAtj-.4) a large part of the diy; much of the town
 
area in not .ervcd; the availabl: 4ater i, unevenl v distribated; 
or there i ju t not enough water supply. Forty-three (43) systems 
were clnsified as h ving low pressures throughout the system ("low
pressure" will not reach the second floor); lorty-nine as having both 
low and good pressures in part; and only thirteen, as having good 
pressure throughout Forty-eight (48) systems have water pressures
throughout the 24 hours; thirty-five, from 12 to 23 hours; fourteen* 
from 4 to 12 hours; four, from 2 to 4 hours daily; and fivel less 
than 2 hours each day, Even these fiegures tend to make the situation 
look better than it io. In half a dozen instances, the 24-hour supply
is available but inedequrate, This is because a very inadequate spring 
or highland source feeds the .ystem also 24 hours a &ayo 

Other oities app-ar to have adequate or even excassive water, 
in each authorized ccnnection. Hare also, the figures are often 
misleading. In a number of totnsi the uvauthorized connections are 
numerous. In one tokmo they were estimated at 250 percent of the 
authorized co:mections. Leaks and other losses of water are generally 
excessive., Discussions with officials and consumers indicate that the 
consuming pub].ic needs more water. If the figures would show that the 
supply wat; nnarly adequ.ate cfor consumers, this may be untrue as usually
-there have been nmch loss and waoteful use. 

JFor r.u-poros of this study, a !-erject is not saitable for 
capital assistanoe if (a) the source of required additional water 
is not apparent, andI/or (b) the constructio.n cost of initial (1983)
requirements substantially exceeds F20/capita. 
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APPENDIX D 

LOCAL WATER UTILITIES ADINISTRATION 

Histerical Bakgroan 

In response to the pressing need to provide adequate and well 
operated water supply systems in the Philippine provincial urban 
areas, the Local Water Utilities Adminisration (LWUA) wan estab
lished through Presidential Decree (F1D) 198 issued in Nay 1973. 
The deoree seeks to establish, operate, maintain and develop relia
ble, adequate and economioally viable water supply and wastewater 
disposal systems for provincial iurban areas.
 

Prior to this development, a comprehensive study of selected 
water supply systems revealed the generally unsatisfactory condition 
of these systems. Waterworks facilities were mostly inadequate and 
provided freqiently unsafe water; thus, immediate improvement was 
called for. 

In September 1973, LWUA was formally organized. LWUA is to act 
as the national body that will coordinate efforts towards the deve
lopment of water systems at the local level through the formation 
of water districts* 

When PD 768 was promulgated on 15 August 1975, LWUA became a 
government corporation directly under the Office of the President. 
Through this now decree, the authorized capitalization of LWUA was 
increased from .02OO million to P500 million to be provided over a 
10-year period. The total amount of authorized loans from domestic 
souroes was increased from P500 million to P1 billion, and from 
foreign sources, from $100 million to $500 million. 

On 11 Deoember 1975, LWILTA ws tranferred from the Office of 
the President to the Department of Public Works, Transportation and 
Coemunioation with the issuance of Letter of Instruction No- 31. 

7be primary objective of LWUVA in to promote -the development of 
water supply and wastewater dispoval systes through the astablish
ment of locafly controlled water distriots that are self-sufficient 
technically and financially. In line with these goals, LWUA's 
functions are to: 

I. 	 Presoribe and regulate the minimum acceptable standards of 
construction, materials and supplies, operation and mainte
nanoo, personnel training, accounting and fiscal policies; 
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2. 	 Provide teohnioal advice, managerial assistance, and 
financial assistance to water d4stricts;


3, Monitor and evaluate water district performance;

4. 	 Provide operational guidelines and review new water 

ratma;
5. 	 Ef,.ct systems integration, joint investment operations,

district annexation and de-annexation whenever economically 
warranted. 

Organizational Set-Up
 

Under Presidential Decree No. 198, LWUA is to be directed by
 
a 5-man Board of Trustees. it present, however, the Board has
 
4 members, with the General MIanager as the fourth member. The
 
Board formulates policies for LWUA and the General Manager is
 
responsible for implementing -these policies.
 

To carry out its functions, LWUA maintains 4 operating depart
ments, each headed by a manager. (See Organizational Chart, Appendix
 
Figure D-l.)
 

The Technical Services Department provides technioal assistance
 
to water districts and develops design, construction and operational
 
standards.
 

The Loans and Programs Department administers and monitors INUA's
revolving fund and relending program. It develops application criteria 
and covenants and processes loan applications of duly constituted water 
districts. It also negotiates domestic and international loans. 

The Regulatory Department monitors the performance and opera
tions of water districts. It processes and administers LWUA's cer
tification program for water districts. As a matter of policy, only

duly organized water districts which have complied with certain mini
mum 	standards and procedures are issued a Conditional Certificate of 
Conformance (CCC) and are qualified for financial assistance from 
INUA. 

The 	 Administrative Department provides the necessary staff 
support to LWUA in terms of personnel recruitment, records manage
ment, general services and related functions. The Management and 
Training Division under the Administrative Department organizes,
develops and implements training programs for water district per
sonnel in 4 areas - policy making, management, technical and opera
tions. Those may take the form of training courses, seminars and
lectures aimed at strengthening the institutional structure of water 
districts. Likewise, training is provided to IWUA personnel to de
velop the necessary expertise 'hat will be extended to the water 
districts for the efficient oper'ation and management of their systems. 
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ORGANIZATION CHART
 
LOCAL. WATER UTILITIES ADMINISTRATION
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Short-run andLa-raaoPropams 

The short-run program of L44UA is geared towards the implemen
tation of immediate measurps to improve the operations and financial 
status of the water dist'ict-;, 

The loryh-range pro& am, on the other hand, is dt''ected towards
 
the:
 

1, 	Establisbnient a candard for theof' unifor,I administration 
and tranagement of -:1.l .eator districts; 

2. Development of _ini.-u;. p rfcrmanco and quality standards 
for water districts and moanitoring theilr conformance to 
said standards; 

3. 	 Creation of a water cupply datl bak by conducting exten
sive surveys of water supply systems; 

4. 	 Development of a priority schedule for the impro.rement and 
expansion of waterworks physical facilities; 

5. 	Development of a relending program of water districts. 

Ongoina Program 

As of 30 Jiune 1976, 35 water diatricts have already boen formed 
(twelve witOhout a Conditional Certificate of Conformance or CCC); six 
are in the process of being formed; and twenty-five have expressed
interest to district formation. A CCC is issued to a water district
 
once it has significantly taken steps3 towards the improvement of 
public water supply, according to certain criteria prescribed by 
IMUA. 

The following are the ongoing and recently oompleted projects 
of WLUA: 

I. 	The 110 watex- orku systeme survey was conducted under a 
support contract with Camp Drosser & .cloe Internatione.l
 
(CDM) and completed last Jlaroh 1976. Data gathered form
 
part of the data bank of IAUA.
 

A loan of $20 million has been negotiated to finance 
the .foreignexchange requirements of the project and to 
partially reimburse the local currency costs for 25-35 
projects. As a continuation of this CDM study, LkUA is 
conducting an additional survey of the second 100 systems. 

2. 	The feasibility studies for 10 provincial areas as reported

in this paper were completed in August 1976, Funding for
 
the ..esign, supervision and construction uf these systems
 
has been negotiated with the Asian Davelopnent Bank and
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the; S*orl Qnj)ing are final ergineering designs:mkd :luri 
for Leyte Ito-o, Zaimbo.-nga, Ozamiz, Butuan, Camar'ines Norte, 
Metro Cebu. 

3. 	 The wata .z-urces evaliua:tion program for Baguio City 
was complcte,' in Jtvis 1976, anid work on the interim 
impnt:,'enents was consluded latut KiXch 197(6. 

4-	 Constructioz. in ourrontly ti"erway for San Pablo, Bacolodq 
Cagayun de Oro- Dtangas and ])avao, 

5. A program of n:mirar uhcpa for water district personnel 
is beiag coiducted by LWUA. As of ,Tuno 1976, 20 such seminars 
have ,oen held. Concurrenti;m, L.!UA engineers and water district 
mana-,-Ars have been sent for tU-aining abroad. A cadetship pro
gram has al io been launched wherein comprehensive apprentice
s;hip training is givea to 'rnaerin., in prepano -aduate 
ration to permanent employ-ment with LWUA. 

Appendix Fiure TD-2 illustrates the provinoial u ban axeas where 
improvements, are c urrently being made. 

LWUAOrganizational Departments
 

Over a period or 3 years, LWUA has developed into an organization 
of almost 200 employees. it is continually expanding to meet the de
mands of its short-and long-range programs.
 

At present, LWUA i.,assisted by foreign consultants in developing
 
its institutional capabilities, Advisory services are being provided
 
particularly in operations and training; in the institutional develop
ment of water districts; and in the technical sector.
 

Within each of the 4 departments, the following improvements
 
in IWUA capabilities have been made:
 

1. 	Loans and Programs Department
 

Tho develofment of the capabilities within this
 
department is essential sinoA improvements in the l oa3
 
water systems are largely dependent on the financi4l
 
support LWUA eItends to the water districts.
 

A long-range program has been developed to determine
 
the future capitalization needs of LWUA to carry out its
 
improvement programs and secure commitments fr(m foreign
 
and domestio lending institutions for needed loans.
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Loans have been negotiated with United States Agency
 
for International Development, Danish International Develop
ment Agency and Asian Development Bank. Loan conditions 
have been satisfactorily met. 

The procedures for the relending program with water 
districts for both short-and long-term loans have been 
established. These include standard loan oovenants, re
lending interest rates and repayment procedures. 

Before IUA grants any loan to a water district, it 
performs a thorough examination and analysis of its re
payment capability. As a prerequisite to any loan applica
tion, a 10-year cash flow projection of the water district 
is submitted for review. This projection serves as a 
measure of future financial performanceo 

Financial monitoring is done every month. Financial 
statements of loan reoipients are analyzed to facilitate 
early detection of financial problems so that necessary 
remedial measures are applied on a timely basis. 

2. Technical Department 

a. Engineering and Design Section 
In line with IMUA's objective of standardizing 

methods and procedures, the section develol~d a 
Technical Standards Manual. This is the current basis 
for LWUA's review of design work submitted by engineer
ing firms. 

The staff has also developed the capability to 
prequalify construction firms and administer construc
tion contracts. Coistruction firms are evaluated in 
terms of technical capabilities; available equipment, 
financial resources and previous projects undertaken. 

b. Planning and Survey Section 
Extensive participation of LWUA counterpart 

personnel in the preparation of comprehensive 
feasibility studies continues under the amended 
CDM contract for additional 10 cities. At the 
end of this assignment, the LWUA personnel involved
 
shall have acquired the proficiency to undertake
 
similar studies.
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As part of IMUA18 long-range planning, the 110 water 
systems survey was performed and based on the findings 
of this survey, the Interim Demonstration Program was 
launched. LWUA engineers, with advisory support from 
consultants, will take a dominant role in undertaking 
interim improvements for see 25 to 35 high-impact 
projects.
 

a. Hyd-rogeclogy 
At present, tbere is very limited local expertise
 

in the field of hydrogeology. Consequently, a number 
of LUA engineers in this section have been sent to 
foreign institutions for specialized training. 

To supplement theoretical Lmowledge, vast field
 
experience is required. The field studies for Baguio
 
and those of the CDM Second Ten Cities are a source
 
of field experience iu hydrogeology.
 

do Field Operations 
The field operations -Leam assists the water 

districts in their technioal and-operational probleam. 
For now, assistance is centered on the construction 
phase of the system. A Construotion/Inspeotion Manual 
contains LWUA's policy on ortntruotion. The manual 
includes procurement procedures and documents for use 
of the districts in their purchase of equipment and 
materials.
 

3. Regulatory Department 

The formation and developmant of water districts 
comprise the main function of the Regulatory Department. 
It administers the certification program in which COC's 
are issued only to water distriots that meet certain 
minima, standards set by LWUA and have given firm ooaiLt
ments for specific levels of development. Audit teams 
are sent out annually to evaluate progress in the water 
districts and extenCi assistance in oases of perceived 
difficultiesa.
 

With regard to water district developaentl the 
Regulatory Department checks %he compliance of the water 
districts to the various standards and operating guide
lines set by LUA. For instance, methods for water rate 
structuring were established for uze of the water districts. 
Prior to implementatior rate increases by water distriots 
are reviewed by LWUA. 
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The Commercial Praotioes Manual for billing and oollec
tion has been implemented in several water districts. LMUA 
staffmembers trained by a consulting firm are now undertaking
 
the task on their own,
 

Some staffmembern w"e oturntly working with foreign
 
consultants as part of the management advisory teams.
 
These groups have been created to provide managerial assist
ance to the distriotso 

4. Administrative Department 

The Training Division under the Administrative Department
 
organizes, develops %nd implements training programs for water
 
distriat personnel and for LWUA'o in-house staff. These
 
programs may take the form of lectures, seminars or forums. 
Trainizg grants abroad are also offered to supplement teohni
oal expertise. 

odern screening methods are applied in the recruitment
 
of the in-house staff* A performance evaluation scheme has
 
been prepared to gauge the inclinations and development of
 
each employee. Moreover, a oadetship program wherein young
 
engineers undergo rigid training before permanent employment
 
has been initiated.
 

Training programs for water district personnel are pro
vided in 4 areas - policy making, management, teohnioal, and
 
operations. These programs are designed to upgrade the 
quality of water district personnel and consequently improve
 
their operations.
 

As part of the water district institutional development,
 
the Training Division has devised recruitment procedures,
 
personnel rules and regulations, and personnel evaluation
 
schemes. Advisory and consultative services are also pro
vided in matters related to personnel development.
 

Water District Institutioial De3lIMiont 

Earlier studies of the country's water supply systems showed
 
that their development is mainly dependent on 3 factors, namely:
 
establishment of a national agency to provide technical, financial# 
and management asistanoe; weaning these systems froe political 
influence; and, operating these systems in a business-like manner. 
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The water district concept was introduced to promote the develop
ent of self-sufficient and politically independent water systems. 
By definition, a water district is a geographical subdivision com
posed of one or more cities/municipalities serviced by one water 
utility. It is a non-profit, quasi-public corporation run by & 
5-man Board of Directors through a General Manager and is independent 
from the local government. The organizational structure of the water 
districts allows the elimination of political intervention so they 
are left to manage their affairs independently. 

The Local Water Utilities Administration functions as the
 
national agency empowered to extend technicalt financial and manage
ment assistance to the water districts* It implements improvement
 
programs to help the water districts attain higher levels of growth.
 

A basic factor in the development of the water district is the 
capabilities of its Board of Directos and key staff. LWUA's Training
Division, in coordination with other departments, attends to the 
training needs of the water districts. Training activities are 
organized periodically for different levels of water district person
nel to provide them with better insights on management and individual 
performance. Reports indicate a marked improvement in a number of 
water districts that have adopted the prescribed approach to personnel 
management* In general, the level of competence and management is 
improving. 

As regards financial management, the Comercial Practices Manual 
is proving to be a very effective method of increasing revenues and 
reducing costs in the water distriot. LWUA has carried out the in
stallation of this manual after which the water district is left on 
its own to implement the procedures introduced. 

The Commercial Practices Manual has been installed in 5 pilot
projects. All five have increased revenues, three have aooumulated 
sufficient surplus to meet their obligations to LWUA. With these
 
encouraging results, the manual may very well be the instrument to 
build up financially self-suffioient systems. 

The Challenge Ahead
 

The differences in the degree of development of the water 
districts are largely attributed to the varying reactions to the 
guidelines issued by LWUA. 

One particular problem of the districts is increasing water
 
rates to realistic levels. Some districts would rather postpone 
any rate increases until service has improved. The hesitation has, 
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in many cases, resulted in the failure of revenues to match opera
tional costs. In general, loan recipients are required to increase 
their water rates to prove their willingness and ability to meet 
their obligations. Other districts desiring physical improvements 
to their systems have increased their rates. A probable cause is 
the district's concern for public antagonism. A similar attitude 
has been observed in the implementation of most major changes 
advocated by LWUA. 

IMUA has intensified its public relations activities, empha
sizing the importance of the LWUA guidelines in attaining self
sufficiency. Teams are sent out to help water districts in their 
public relations efforts. To be meaningful, all i hese efforts 
will require the full cooperation of the water districts. 
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APPENDIX E 

The Philippine econoay is basically dependent upon agriculture. 
For mauy decades, agriculture has counted for about one-third of 
the gross national product (GNI). Bhe seririce, industry omes second 
with about ont-fourth share of the ONP, followed by the manufacturing 
sector with about one-fifth. 

Post-gar Period (1l 6--I2 

The principal strategy adopted by the government during post 
World War Ii period was import-substitution. Although this system 
provided the country with certain commodities, it resulted into a 
somewhat unbalanced development., T~ bias favoring capital in
tensive large-scale industries proved undesirabl. ir; a labor-surplus 
economy. Consequently, during the 1960's , the country experienced 
a slowdown in industrial growth, It became increasingly difficult 
to finance the growing import requirements of tht industrial sector 
with reoeipts from agric,ltural exports. By thu ti.- e, low produc
tivity and vulnerability to world price fluctuations had become the
 
major problems of the principal agricultural export products. It 
became apparent then that the import-substituti<vn p<clicy had outlived 
its role as the primary instrument of economic growth,
 

T6 redirect the manufacturing secotor from its dependence on 
import-substitution towards an export strategy, the government 
opted for decontrol and devaluation* These measures whioh were 
completed in 1962, however, failed to inject vigor to the industrial
 
sector. A second devaluation was effected in 19f0 by "floating" the 
peso i.e. allowing the peso to seek its own level in the foreign 
exchange market. This resulteC in a drop in the value of the peso 
by about 42 percent in relation to the US dollar from 1970 to mid
1973. Although a minor export boom was experienced, it triggered off 
severe inflation.
 

Eoonomy Under the New Society (1972-present)
 

In late 1972 with the advent of the New Society, sweeping re
forms were instituted to transform the country's socio-eoonomio 
structure. The main objective was to accelerate economic develop
ment and at the same time make the results socially meaningful. 
The deolaration of martial law was met by a brief period of hesita
tion in industrial activity. By the end of 1973, however, all eco
nomic indicators of the om,-ntry went up to unprecedented levels.
 
For instance, real GNP increased by 9.9 p. i' t:ent and the surplus in 

*This was written in September 1976. 
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the balance of payments (BOP) was $671 million, both the highest re
corded in Philippine history. This was achieved despite the devasta
ting floods in July .-&nu Anjust 1972 which ravaed the entire Central 
Luzon, the lakeshore towns of Laguna de Bay and Metropolitan Manila. 

In 1974, vigorous inflationary and receasionarty pressures
 
triggered by the oil price hike gripped most parts of the world,
 
particularly the Philippines. The growth rate of real GNP declined
 
to 5.8 percent. Inflation rate went up to a critical level of
 
39.8 percent during the year. A noteworthy accomplishment, however, 
was the surplus in the balance of payments registered for 1974 
amounting to $110 million (?777 million)*. The sectors which showed 
healthy growth rates were agricultural grains, heavy manufactured 
products and tourism-related services.
 

In 1975, the rational economy posted a relatively creditable
 
performance despite continued recessionar trends abroad, Real
 
GNP went up from F41.0 billion to 143.4 billion or an increase of
 
5.9 percent. This increase was brought about by encouraging develop
ments in rice production, nickel mining and construction. A most
 
remarkable accomplishment for the year was the drastic deceleration 
of the inflation rate to only 7.4. percent. However, a deficit of 
2521 million was registered in the country's BOP. This resulted 
from both a reduction in prices of and demand for the country's
 
export products, aggravated by a considerably higher import bill.
 
Total imports of the country for the year soared to $3.2 billion
 
while exports amounted to only $2.2 billion, or a merchandise trade
 
deficit of $1 billion.
 

Inflation is a recent local problem, baying started only in 
1970. Before 1970, the country enjoyed a remarkable degree of 
price stability for two decades. From 1950 to 1960, for instance, 
consumer prices in Manila rose by an average of only 0.6 percent 
per year. From 1961-1970, consumer prices in the country increased 
at an average rate of 5.6 percent per year. From 1970-71, the rate 
of increase jumped up to 21.8 percent but tapered off to 8.2 percent 
the following year. 

In 1975, the Philippine labor force was estimated to be 14.7 
million or about 35 pereoent of the population. Every year, the 
labor market must be able to abscrb about 800,000 people who become 

*The prevailing exchange rate by the end of 1974 was ?7.07 

to $1.00. 
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available for employment* This new increment to the labor force 
creates significant preseurs on the economy, despite the fact that 
about 300,0C0 withdraw from the labor force avezr year. 

The Philippine population is relatively young. More than half 
of the ostizited 41.8-million population in 1975 are less than 
20 years of age. Xoreoverl only 3,4 per-cent are above6 65 years of 
age. in 19701 the population growth rate was 3.01 percent but thie 
went down to 2.66 percent in 1975 as a result of a massive govern
ment oamp,,ign on fa'ily planing. The average Filipino family size 
is 5.9, More than two-thirds of households are located outside the 
urban centers. 

For many years, sugsr has been the major export product of the 
country# In 1975, it accounted for 25 percent of total export earn
ings. Other principal export products and their. percentage shares 
in export receipts in l975 are coconut oil (10 percent), copper 
concentrates (9.2 percent), logs and lumber (8.5 percent) and copra 
(7.5 percent). 

On imports, mineral fuels, lubricants and related materials 
comprise a major portion of the forei&n exchange outflow. In 1975, 
for instance, they constituted 22,3 percent of the total import bill. 
Machinery and parts other than electric took up 18.9 percent; trans
port equipment, 8-7 perosne; base metals, 6.2 percent; and cereals 
and cereal preparations, 5.1 percent. 

In the past decade, Japan and the United States have been the 
country's major trading partners. In 1975, Japan accounted for 
31.8 percent of the total trade (includes both exports and imports) 
while the United States' share was 24.7 percent. Saudi Arabia came 
third with 6.5 percent. Other major trading partners are Netherlands, 
United Kingdom, Federal Riepuiblic of Germany, Australia and Kuwait. 

The country has a stable and well-developed banking system. 
It consists of 36 conmezoial banks, 33 development banks, 11 savings 
banks and 739 rural banks. At the end of 1975, total assets of 
oorne.cial banks stood at P50.0 billion which was almost 20 percent 
higher than the previous year. Total resources of the development 
banku amounted to P7.0 billion in 1974 while those of the savings 
banks amounted to ?12 billion. The rural banks, which have been 
established in major cities and municipalities all over the country, 
had total assets of P2.1 billion In 1974. In addition to these
 
bankst there are 13 investment houses with aegregate resources of 
P3.8 billion in 1975. 
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For 1976, it is likely that the coun%ry will experience similar

diffioulties in its balance of payments positionf though to a leseer 
degree Q4 the whole, proupoots for 1976 a.ppear encouraging espeoially
because the industrialized nations have shon olear signs of economic 
recovery. Recent studies on the projected inflation rates for 1976 to 
1977 indicate that the country'a major tradir partners (with the ex
oep - an of Australia) would be able to keep their inflation rate at a
nxium level of 10 peroent. Baaod on these studies and the volume of 
trade between the Philippines and its major partners, it is projected

that tha inflation rate of imported it.aos for 19761977 would owue up
 
to about 9.8 percent.
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APPENDIX F
 

DESIGN CRITERIA
 

General
 

The following may be considered as 
design criteria for thelong-range facilities for water supply purposes. However, viewof scarcity of funds and financial feasibility, the criteria 
in 

forthe initial and emergency stage may be of somewhat lower quality, 
Service Area 

Present and future water service areas will be determined forthe water district. General topography, natural barriers, municipalboundaries, zoning plans will be taken into account in the determination of the future service area limits.
 

pulation Projections
 

The total service area population would be projected 
on thebasis of separate projections for the core city or poblaclon and
for the barrios within the present and future service areas.Transient population such as students, touristsp refugees, willbe included in these estimates.
 

A percentage of population 
 served will be estimated for thepresent and future systems. This estimation of percentage population currently served in the study area will be based on numberof piped water connections and average number of persons per urbanhousehold as obtained from the official census books. 
In the estimation of future population served, cost and availability of thewater from sources other than the wat . district will be considered. 

Land Use Projections 

Residential, institutional, industrialp commercial and public
areas within the water service area will be designated either fromthe existing master development or zoning plans of the communityor from data on other cities with similar characteristics. A projection of the land use pattern for the study area will be shown
 on 
a map and summarized in a table. 

Pressure Zones 

Depending on general topography of the water service area theremay be one or more service pressure zones in the water distributionsystem. The maximum difference in ground levels in any pressure zonewill not be more than 50 meters.
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Separate supply lines fP.m the souTCe Uill te ProvidLei io 

each zone where economically feasible.
 

Unit Water Demandv 

a. Domestic: Average per capita domest1c r ter conaiwlOtioj trill
be estimatcd for the serv-ujo re Pw,... water distr:Lc3, , ordt;
and recordo from similar cities dl o seed for early esti,
mates* Wlhen using the water distriot -vooords, the actual 
metered cuetomers and borrowers will ,r.considered separately.

For borrowers, an avearage unit co q puion of 20 ipod will 
be assumed. Ibwever, tho final estisa'tev will be based on 
actual field assuremants. Pield imnauroment will be done
by direot meter reading by iaolati, certain servioe area
sections that will represent different econouiio classes of 
customers* This measurment ,will bo conducted in areas with 
adequate supply.
 

Unit domeatio 0outubtion will bo inoronued by I to 2 
percent each year to account for economic growth within the
 
community, 

be Institutional and Comercial Institutional and oomweroial 
water demands will be estimated as a percoentage of domstic 
demand based on uvailable past records of tie water districts 
or similar cities. If .,4 records are z.ailble a unit flow of 
5 oumd per gross heoatai will be used in the estimatea, 

o. Industrial: At projentp toer'e is no hUavy industr in the 
study areas, Hiwever~ oalable zoai4g plana designate areas 
for future heavy industrial development. 

Past reoords on the water oos-umpt.!V cf exisi-i li'ai
industrial establishment6 will be studied to establish unit 
flows required por imtt area. If no records are avea.able,
 
a unit flow of 10 oumd/ba (groos) will be used in thu esti
mates. 

do Parks, golf coulcuoc Water deomids for thp ublio 2.,rko 
and golf oourses will be estimated from pant records, 

UMacountable WatOr
 

E tentative psroentzwe of the iotal supply riqitireu.nt %i:.11 b0established for unaccountable water from available water district ri;
cords and oonsumpticz patterns,) The fiMal tecimato of unacou-table 

7,,,0
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water will be based on actual field measurements. Unrocountable 
water may include waste and unrec. led 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 

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

Demand Variation 

Maximum-day and peak-hour demands in each service area will be
 
estimated from the available records for areas with adequate supply.
 
If no data are available the demand factors would be obtained from
 
other similar areas. To check assumed values an attempt will be
 
made in the field to record hourly fluctuations for a minimum period
 
of 24 hours.
 

For preliminary studies, P.maximum-.day to average-day ratio of 
1.2:1 and a peak-hour to average-day ratio of 1.5:1 - 2.0:1 will b3
 
used.
 

The present and future projected water demands will be tabulated.
 

Population and Demand Distribution
 

7he service area will be divided into several sub-areas represent
ing different population densities and demand patterns. Locations of 
the existing large demand customers (e.g., industry, military base, 
university campus, airport, etc.) and their water usages will be 
obtained through water district records or field measurements. With
 
these data, a demand load distribution will be made for the existing
 
and future water distribution systems.
 

Existing Water System Analysis 

After gat. ring all pertinent data t the existing system will be 
analyzed through a computer program. All the pipelines, 100 mm and 
larger, will be included in this study. Regular and large demands 
will be distributed at relevant nodes of the system skeleton. Average
diy demands will be included in oemputer input data. Demand factors 
will be applied for maximum-day and peak-hour flow conditions. About 
5 percent of unaccountable water will be allocated to transmission 
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line and the remaining imacountable water Vill be evenly distributed 
in the distribution suysteo, The pr)Lmary system (pipeline 4 inches and
larger) will be ch~cke f ly - Lk our demand condition to find 
out about areas with oap&o>r? shortage and low pressures, Any high-.
level area which is bhi g ,'cd by a booster station would be studied 
separately after estab!!-.nr-,, il,, hydri-aulic grade line (HGL). 

. 14t1or-,S-in theIf th-1 aL,-a'k in system, the water
 
level in the ', [;h ,ill be . to bte t the aiddle of the opera
tional fitorage portilon laiW. p.h-hur demand condition. In the
 
computer application of the ::_itr, oithfrc the input flow or HOL at

the source vill be flxa, h.,ilowing "C"values will be used for
 
pipe friction loase2 

a) Asbetos Cse .±t}.Pir 

Size (ai) 10O-150 200-300 350-500 
"C" value 100 110 120 

b) Cast Iron Pir* 

Siza (am) 10-i50 200-300 350-500 
Age: new O0 110 120 

10 year1 90 100 1I01.20 eas80 go 10 
30 years or 70 80 10 / 

more
 

The internal distribution system will be chocked for fire flow 
plus maximum-Kday demand* After computing the node pressures in the
 
primary system for the maximum-day demand, a typical commercial
 
residential area will le checked for fire protection. A 
 fire flow
 
demand of 15 ips will be applied at each of 2 adjacent hydrants*
 

0o1pg'r studies, Fitur,_System 

The prop3sed iystem uill 1e studied for the design year 2000 
first and the economy of construction staging for 1990 will be 
checked specially for supply, treatment and transmission facilities. 

A system skeleton will bo prepared for each pressure zone. 
Future pipelines will follo.; existing roads or proposed roads as 
arich as possible. The maximum spacing between feeder main lines 
will not exceed !000 meters. For strengthening the system hydrau
lically all the pipelines will. be looped as much as practical and 
economically feasible. The primary system which will be checked 

l'svbject to field verification*
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hydraulically first will include 200 mm and larger pipelines. The
 
projected average-day demand loads will be distributed at nodese
 
For computer input, -the pipe data will include a pipe number t connect
ing node numbers, diameter, length and "C" value; the nods data will
 
include a node number3 ground elevation, and averap-day demand for
 
the design year.
 

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

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

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

Pipe Size (Ow) "c" Value 

200-300 110
 
350-500 120
 
600-larger 130
 

A field cleaning and lining of existing large-eise mains %ill 
be considered as part of the improvement program. An operational 
storage volume of 15-20 percent of maximum-day demand at the design 
year will be provided. The maximum operational 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 deter
mined through computer analysis. 

Well pump oapaoities will be based on an evaluation of the pumping 
test of the well for yield and drawdown. In determining pump head
 
characteristics, the estimated minimum water level in the well, head
 
losses through suction pipe assembly and the head required in the
 
system would be investigated.
 

Booster pumps will be selected either to meet peak-hour demands
 
if there is no distribution storage or to meet maximum-day demands
 
if there is an adequate storage. Each booster zone will be studied
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separately. The primary system (pipes 200 =n and larger) will be
 
checked fors
 

a) 	Peak-hour demand condition by applying a demand fa. 'or of
 
1.5-20.. (For this condition it will be assumed th' the 
system storage tank level is 2- meters below the over low 
elevation. The selected pipe sizes will be adequate for 
not creating a pressure less than 14 meters at any point 
of the primary system). 

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

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

Computer runs will be repeated with revised pipe sizes until
 
the system meets th-3 design criteria.
 

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

Supply facilities : HGL elevation and variation 

flow input capacity 

Pipelines : sizes, locations, "C"values 

Pump Stations t 	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 

Hydrants : inlet-outlet charaoteristics, locations 

Valves : check valves, closed or throttled valves 
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Pipes 

In evaluating and 
improvement program of 

trnactiin 
-the tior io

the 
c area waterworks 

pipe material for the 
system, 

proposed 
careful 

consideration should be given to the following: 

a. 	 The piN strength to . both internMl and external 
pressures; 

b. 	 Service life uf Lh,: p.,. ra crial (resistance to corrosion, 
erosion an(. disinteg'atioa); 

c. 	 Pipe laling and jointing. (simplicityt reliability); 

d. 	Operation and maintenanoe probluius; and 

e, 	 Economic considerat.ion 

Pressure class requirement for riajor transmission lines will 
be investigated on a pipeline profile. Working pressures will 
include additional allowances for surges and water hammer. Minimum 
pressure class of pipe will not be lizs than 7 kg/sqcm. 

enerally, ooncrete pipe and c raent-lined pipe have a better 
average coefficient of friction tuian unlined cast iron# ductile 
iron or steel pipe, 

Because of the brittleness of the material, the use of cast
 
iron pipe and asbestos cewent pipe is generally limited to the
 
smaller sizes. In addiion to the inability to take large bending
 
loads with brittle pipe, sudden failures and discharge large volumes
 
of water thp+ not only cause extensive darnage but may also put the
 
water system out of operation for a long prriod, can occur.
 

A high sulfate content of the soil will limit the use of con-.
 
crete or asbestos cement pips or require 2paoial protective coating.

When the sulfate concentration ia the soil exceeds 0.5 percent (or 
300 mg/l)t unprotected concrete pipe should not be used. Many types 
of soil can be corrosive -o ferrous metal pipe* A corrosion survey 
along the pipeline router3 ic necessary to locate extremely corrosive 
areas so that suitable typas of pine material and protective systems 
oan 	be selected.
 

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

Trench Width = 0.50 + D (m) 
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The minimum cover on a pipe nball be 0.60 meter. If there is 
a trafflo load, thol mtniroum. cover shall be increnaod to 0.90 metc.,

If this cannot be accomplished, the pipe will be encased 
 in concrete,
 

Recomncde,). Pip i'ateriaih
 

A iin piy selection can Le based on economic cost oomparison
of the recomniend-d pipe a atcrials for the rquired s'rvice and apa
city as s: ,in in the following table:
 

Diamete r j" Service 
...... -10 RO0 1W 2O"-__iPDstrib ition Tr :.. mi ion 

t..... C... ~' 2/ --- x -

)tee' 
 - xX 
Ca.3t Iron - X x x
Ductile Iron - x x x x x
A•berI:o-, Cem:n:-L - I - XPo lyvil C hlorid io&-

Polyethylene Pip. x -

Pipe cl'a. should be in accordance with the required operational 
pressureu in the system. 

PjR cniqud Lining in Place 

It i : possible to increase capacity of old transmij-ioij and
dictribution pipelines by 20 to 50 percent 'wlth cleaning and
lining rrocei: s. This is specially true where exiensive internal 
scaling has occurred in the pipeline. Experience shows that clean
ing aund cemon lining in place of 150-mm diaimeter and larger water 
mains are more economical than installing now mains to obtain the 
same capacity increase. Thereforet cleaning- and cement lining iii
place will be included in the improvement prograi, where extensive 
capacity loss 
in the water mains are observed.
 

Valves
 

To i,';olato aad d r,-in pipeline sections for test, inepection
cleaning and re::air, a number of valves are generally installed in
the line, T'Ile most commonly used valves are gate and butterfly
valves, followed by check, cone valves, blow-off and air release
valves. lDespite: the wide rangc of' designs, all valves on2yhave 
one purpoce: to slow down or stop the flow of water. In a diu

R'Galvanized steel pipe.
 
Service comoctions only, 
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trIbution ~ ~1~ urof t-ihut-off valve, kcate arldo
fly) are 'Atilized. Gate mxvcro. applicable to pipe sizesi up 

Vvavti 4n .n~tAo~mrtmwj.~ravb luca:ted at
 
ctrrt iti The-dmtpIi, inl bhfh colwumPt ion arcan
 
wil) 
 !,o c-do~ir ul Wcm TtOi lrea8. A mfaTximuml Valve apz-.Cinl'
Of ".TillI)b-rJcjdb., OnCiij in re~i~~a layouits.

howver Z~h~&V ;ccin~ w~i cperia OG judgmcn't of oonditiork
in :2 7 

valve: *-aqip-Cr h A ldever, hanrdwheels, Chains or 

ThcTju~~~u p3ln Ifaive be acoordanoeof Will in with
the caeivice r e;ti Valve deo-igil and Mn~atue~l conform 
to th~ i-2 P~a r A2"TM a;poIiricationc,~ 

Il ;"11 Caoia ~ am ;-IP~roe c.jiion~ cclw 

(a) 11g~v~u eiot: oomercja.' and industrial ar~a 

2pa'-i nig 150 m, rna.imum
,onnetn Pipe xaIvz 100 nv Minimumn in looped 

150 ram minimum~ in dead-end 
Nyztemc

Ho~icIl;:]60Un xu (2- -in)
Fi':'Pur Outlet :I x 100 raT (/4 in) 

(b) Normal si.rn4 0, family rezqiden-tipt1 arpaat 

Spacing t250 wn, m~aximum 
Cneti119 piP-e Give : 100 ncrr (4 in)

Pose-Puraper o~utlet : 1-100 mim (4 in) 

The ex;-:terior surfact of fire' hydrant sni11 be Painted for 
protection Ind. oany loci'tionv. 

Flovw. Metorn 

A* Diffe-rontial ifead rk~ters 

The. fl<ow of fluid throuiib a con.,3triotion inj p preIOse
conduot rv..-i.dt i.n 1Ow~rijcr' of prcasure at 00ontriction. The
dIrop izn piezometric head betweini 1. e undcisturbed flow and. the 



cn'striction i , fo-ict-ion of thc flo, rawe. The venturimeter, 
flow nozzle and ori.ice aiear are countriction moters which 
make ui;e of thio .rin,p-ile T jicad thr'ough a venturi-Th, loss 
meter is considerably lest, tha-n cr tie other two typon of 
meters, Pitot tub c ad pitotmeters may also be typed as 
differ-in.a Ai head mtero. 

Be Mechanical Mrt-
tcro
 

Rlich:nical iit-rs a-re widely used in water distribution 
synit ens . Two typ n, of m4cbanic!l meters An common are positive 
dicplacemcnt and propeller rjmterso Tho positive displacement
typt metars ar'e more accurate in measuring small flowc "'Ahis 
type of atter in not reoonmnrended, however, for water having 
fine particles as it is likely to become inoperative due to 
clogging, 

Plumbj ~ode 

The Philippine National. Plmcbing Codo shall be applicable. 

Distribution StoragLe Tanks 

Distribution storage tanks ave used to provide storage volume 
to meet fluctuations in water une, to provide fire storage, and to 
stabilize pressures in the distribution system. The tank in rela
tion to the sen.rice &rea, should be located as much as possible 
on the oppooite site from the source; on the other hand, the tank 
location should not be too far away from the demand center. A 
storage tank is normally located aL a sufficiently high point so 
that water level in the tank can control the hydr'aulic grade line 
and fluctuate with the variation of system demand. A tank refills 
when the demand is low and feeds into the system when the demand 
is high. With an adequately eized st~raged tank, it is possible 
to have supply and transmission faciliiles operating, more or less, 
at a cteady rate which is normally aboui; maximum-day demand for the 
design year. 

The total effective storage volume required in a service zone 
should be at least equal to the required nperationall storage. Fire 
and emergency stora-e may be provided if eoonomically justified. 
As mentioned previously, the eqnal-izing or operational volume i, to 
be equal to 15 to 20 percent of the maximum-day demand in ny
design year., A maximum side water depth (or level fluctuation) of 

7 meters will be assumed for the operational storage. 

The maximum hyd.rostatic pressure in any pressure zone in the 
distribution system should not exceed 70 meters. The tank overflow 
elevation, therefore1 will be set at a level whiob will be a maximum.
 

F-10
 



of 70 met<,rs higher than the lowest ground levi i i *i( service area. 
A storage tank caio be n_-i#, a;rel.vated or a stand-pipo all 
covered, Aitairk shape ,:an b. r otang-W1ar or :irv1i". hoof slab of 
a tank wil.. bn ourp-rted on interior columnti. 'ht tanks are normally 
sot0 ructed froi'm x',in-noceC1 cornrete or steol Reinfor-(,j conurete 
taxlks hive. lesf 'aintenance costs and will not i '4aire foreign 

exchan~ge 

w;mI' '.Onbi14t flow overflow
 
and drair pi.pjo aild Duto:int flow pls-cs. All theua pipez-i, oxcept
 
overflow pil.- are valved.
 

"ipine'Ain a ill of incoming pipe, 

For ,ar . oLtioe wi.thin a sama pri.xsuro zone, more than orn3 tank 
sitoe may be needed, In this zaseq voluome distribution at each site 
can be detcnred through computer aznayuis. The land for the tank 
site kihoulh bc cufficionrt to accomodate short-term a, we:] a:i future 
ntorave ur.t6 ihor thw serv'ice a-ea, 

Boofit--r F-tnn Staio.uo 

. p-amp~s~tio str-u.ture and r'ilated piping; will b dosigned
 
for a period of '5 yvar6. Oi the other hand, the equipment, In-.
 
cluding pwnpa and motors,, will be designed for about 15 years,
 

oelectAion of pumps will be based on syate,-diohr'5r, curve. 
With dcvelopment or composite p.imp ctrLve for the number of' eAslting 

-aiid proposed pvmnyp at a station and appliuation of thi.s curve on 
the syitems, thfe huac--discitrge c!ar"'e incicates rated flow and head 
for the ptmpu, Where pamp is pimpinv directy into distribution 
system, tl-i system curve will be studied through conputor anakysis, 

To pr,--vent cessive pressures in the pumped supply system 
(specially during minimum demand periods), pimps will be selected 
with a shut-off h:ead which will not be greater than the rated head 
by more than 10 percen't. 

If the watrer has to be. pumped through a long transmission line 
before it reaches "h d istrbtit .on system, an economical study my 
be necessary befoi-,: dcciding on pumping head versus transmission 
pipe size, Ti thi,; study, pressur-e limitation in a distribution 
system has to be conjier-ed. IT there is an adequate storage in 
the Oyate;,; thG ptump station can be designed for the maxim-day 
demands estiroated for a particular design yez-- If there is no 
feasible 6iEe available for a storage tank, pump stations will 
have to bo for p domaids.designed heak--o-ar 
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eliminated. Fo. thi- nelected sitcei, mass inflow curves will be
 
plotted covering at least one significant dry period. Mass in

"
flow curve h u"d be adjusted for evaporation ;md riparian rights*
Demand lines cLaw tangant to the high points of the mass curve
 
represent rate of withdrawal from the reservoir. Assuming the
 
reservoir t!.-I be 
 'Dill whereve;. a demand line intersects the mass 
c'urve, the . ,'t~Aen the demand line and the massimaxiuzepa-tur-
curve represents the net reservoir capaciit. required to satisfy
the demanti, Uotwzly scfe volume in thI! rctse voir, which may also 
be called dead volum, is allocated f~or siltation. 

To dter,'miu the banic dm height, area-volume curves are
 
drawn up for eaoh feasible dam site. r'rom these curvesg a dam
 
height can be selected which would create enough volume of reser
voir to eaiufy the demand and dead volume requirements. Estimated 
reservoir will b:E increased by 25 percent for supply safety.
In some ca.ienm one strex may not :yield sufficient quantity of 
water, Then it ill be, ncoo,3ary to look into other river basins 
or ,- supvolfmentrcuy supply. 

In othar cases; the same streai !mVabe considered for multi
purpose s3tn Ovelopment including poweu- irrigation and naviga
tion. Thits wil lI require close coopeoria.tion with the other authori
ties to make sure that adequate a.,ount of water will be available
 
for munici,-al in accordance with the governmental require
raents in the hitippineso any proposed dam 60 meters or higher
 
must he 'iincated to the National Power Corporation (N .pocor). 

Locationr arrangeAer2t, typ-e of equipmxent and structure are 
imiortant t.wpects of a pump station to be investijated in the 
design, 
Before deciding on a raw water Immp stationg an economical 
cost comparinon il] be -made for gravity flow through a tunnel ifarea topo.'raphy is suitable. A raw water pump station usually 
requires on appi-oach chraul intake structure which will be 
equipped with stop lo-s, bar screen and control gates, and pump 
wet we]ll 

Th station will be designed fo, the maximum-day demand in 
the desigLu year .ps will be capable of delivering the design
f]ow at the maxium head whie-b is the sum of differential static 
head, suction Uift (if anxy), nd suction and disoharge head losses. 
Selection of jn:z'4p in the station wiil be based on the application 
of pump curvi on system head-capacity curve 4 

Electri.o motor or diesel, englne-drivenvertical turbine pumps
will be used for the raw water pumpaqe 
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Staging of Source Development 

D %At-ui.oce development studies a demand versus supply chart 
will be prepared to show a timely staging of facility construction. 
A demandupply chart will include the supply from the existing

pieorces which, in some casies may be
t phased out if economically
 
justified, following the development of new sources*
 

The.....:in,&of comstruction will be in accordance with the 
t'c] ]okwir deraand conditions. 

Tac ity Demand 

Damns Average-day
 
Water Treatment Plant Maximum-day
 
Diversion and Intake Maximum-dIay

Transmission Lines a) Peak-hour if
no distribution
 

storage
 

b) Maximum-day if there is an 
adequate storage
 

Sufficient time shall be allowed for planning, design and
 
construction of future facilities.
 

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
 
he made. Topographical surveys at 1:2,000 scale will be required
 
at dai sites for facility layouts.
 

(roundwater s 

Springs can be developed for 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 this is done, a 
careful evaluation of aquifer and recharge 
area should be made to
 
avoid possible damage to the spring. 
The major works needed for
 
spring development would be the construction of a collection
 
chamber with necessary piping arrangement. Water quality must be 
chocked to see if any treatment would be required t the most
 
likely quality problem with spring water being either excessive
 
hardnessa, iron or 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-day demand of the service area, 
if adequate storage is provided for peak-hour demands. With no
 
storage in the distribution system, constructionstaging should
 
correspond with peak-hour demands.
 

Groundwatet -ells
 

All the avaii le data pertinent to existing wells in the
 
study are. will be collected and evaluated to determine well and
 
aquifer ;,aram ters incluOding vater table elevations, well yields

and drawdowns, we2. _eone tries interference between wells, and 
water quality, In addition, geologic, hydrologic and meteorologic 
data will be evaluated with information on current withdrawals to
 
estimate recharge to aquifers and the overall safe yield of the
 
source.
 

Tn many cases, test volls may be conutructed to obtain the
 
necessary data. Test well sites and depths will be chosen to
 
provide data on unexplored important sections of the aquifero For
 
each test well, a minimum number of" 2 observation wells would be
 
desirable,
 

Based on available in'o:uiation and test well resultsl the
 
aquifer coefficients will be estimated. With this and the 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 staging of wells should follow the same criteria
 
as explained for spring development.
 

Water, in general, has to be pumped from a groundwater well,

with the exception of flowing artesian wells with adequate yield.
 
Pumps normally used for this purpose are either multi-stage

vertical turbine pumps which are shaft-driven bY motors or engines

located on top of well,or submersible pumps in which the pumps and
 
electric motors are combined in one unit placed below the water
 
surface of the well. The pump bowls may be set at approximately

5-10 meters below the lowest anticipated pumuping level. The lowering

of the water table in a given aquifer and the specific capacity of the 
well must be considered when calculating the anticipated ultimate
 
pumping level.
 

Where the source of electric power is not reliable, diesel
 
engines will be considered for pump drive units. Pumping head
 
will be determined by pumping level in the well and minimum
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pressure requirements in the distribution system during peak-hour
 

demands or by tank-filling operation during minimum-hour demands. 

Water Treatment Works 

Objectives of' Water Treatment. In the design of water treat
ment plants t the provision of safe water is the prime ga]. The 
treated water must be clear and colorless and pleasant to the taste. 
Water quality obtained at the plant should be preserved in the dis
tribution system. The control point for the determina on of water 
quality is the consumer's tap and not the outlet of the treatment 
plant. Another basic objective is that water treatment be accompl7ished, 
using facilities with reasonable capital and operating costs. In plant
 
design, the various alternatives, including plant performance and cost
 
studies, will be investigated.
 

General Design Conside!rations. Where previous experience with 
treatment of the same or similar source is lacking, special studies 
would be necessary for design purposes. Those special studios may
 
inc'.ude tests conducted in the laboratory, in existing plante or in
 
pilot plants. The rated or rominal design capacity of the treatment
 
plant will be the maximum-day water demand of the system for the
 
design year. Using water demand projections, a logical program for
 
deirelopment of treatment facilities may be established. Decision 
will have to be made about which units to be built initially for
 
ultimate needs or to provide for develonient in stages. The follow
ing are factors which have a bearing on the period of design of
 
treatment facilities: (]) the useful life of facilities, (2) the
 
ease of extension, (3) the rate of growth of the service area,
 
(4) the rate of interest on the loan, (5) the change of purchasing 
power during the debt period, and (6) the performance of facilitins
 
during the early years.
 

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

For operational safety, even in the initial stage of construc
tion, none of the important u-nits such as flocculation, settling and 
filter basins are to be less than two, Stand-by units will be pro
vided especially when the plant treats a water that is highly con
taminated. 

Available sites will be evaluated to determine the most favor
able location for the plant. An accurate estimate of the area
 
required for the ultimate development of the site is important.
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In plant sizing and laycut, the following points will be 
conpidered:
 

(1) 	 Frequency of basin c]ea iing, length of filter runs and 
effluent quality will be carefully evaluated. 

(2) 	An economic but durable construction: outdoor type
 
filters can be W.opted in the Philippines. Construc
tion items will be selocted for a minimm service
 
period of 50 years. 

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

(4) Operation of filters, flocculator . and chemical feeding
equipment requires the most attention of operators. It 
is therefore desirable to arrang.e the plant so that 
these functions are close together, rather than widely 
separated.
 

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

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

(7) 	Unessential instrumentation will be avoided.
 

Types ofWater Treatment Plants 

The quality of water greatly from toraw varies 	 source source. 
Accordingly, the type of treatment to produce a safe and palatable
water will vary. The World Health Organization has established 
treatment requirements in relation to the coliform bacterial content 
of raw water.
 

Application of treatment methods in relation to raw water
 
characteristics is shown in Appendix Table F-l.
 

Classification of treatment 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 design. 
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APPENDIX TABLE F-I 

/

APPLICATION OF TREATMENT METH0-
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to time at given location, variable peod equipment is desirable 
for Vgitnto s. Power requirement is about 1.3 hp per 1O,000-cumd 
flow. A recent trend in chemical mixin'.favors uce of in-in. 
ble ri,- , 

',trimLationiad flocculation are greatly influenced by physical 
and chemical characteristics of w'ater includirg particle size -uvl 
concentration, pH, water temperature, e-change capacity and electr'o
lyte conzentrations. The behaviour of water to be treated pro-n a 

posed plant can be best determined by: (I) laboratory testing
 
us;ing "jar test" technique, followed. by laborator- filtration or
 
(2) pilot plant. 

Tne sqilonce of addition of chemicals for coanullation ic often 
importani .:nd multiple points of application of the chemicals aro 
therefore required. The cemicals ordinrily used are a pli-adjuit
ing compound, such az limo or aa acidic substance, the coagulant 
(normally aluminum sulfate or a ferric compound), and a coagulant 
or flocculation aid. Pre--chlorination treatment is commonly applied 
to water b. fora or after a coagt1.an". Activated carbon for taste and. 
odor control is usuaIly applied at raw viater intake to provide suf
ficient period of detention. time. 

P!occu -Ation. Flocculation process follows chemical mixing.
Detontion time used for the design of flocculation basins will be 
60 minute. To increase floc strength, usage of ohemical agents 
such as activated silica and polyelectrolytes may be considered. 
For the provincial areas in the Philippineanon-meochanica] type 
of baffled flocculation basins npaEy be ecc.iomical. A distinct
 
advantv,.ue of baffled flocculation basins is elimination of short 
circuiting of flow. 7o1nev-er the mixing intensity in this type of 
basin is d')pndnt on flow rate. 

The eai.est !:ay to maziage flocculated water is to build the 
flozculation and sedimentation basins integrally, with a permeable 
baffle discharging the floccv, ,.ed water into the sedimentationbasin to assu - uniform horizojjtal and vertical distribution of 
settlir- ta:k influent. 

A Tis 
principal ways in water treatmeut: plain sedimentation and sedi
mentatin follco.-iira coagulatIon and flocculation. Plain sedimenta
tion is usual , used to reduce hea.vj sediment loads prior to complete 
treatment; thereforeit is often referred to as presedimentation. 

SecnntJ, n. process usualgy finds application in 2 

QJedimentati in following chemrical coa"ulation and flocculation 
is used to ro7:ove color and turbidity by adding coag~ulants, and to 
remove hardneis by adding lime and soda osh, This type of sedi
montation follo7!s .r)rcsadir-nntation (if used) and aeration and pre
cedes 'iltration, 
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In the de; ign of sedimen.LatJion tanks, ideally, 4 zones are 
considered:
 

(a) 	 an inlet zone to provide rmooth transition from the 
influent flow to the tm:.Iorn, steady flow desired in 
the settling zone. In general, the flocculation and 
settling basins arc in sameincctdthe rectangular 
tank to eliminate th,?;t:d for a channel inlet. 

(b) 	 a settling zone to pi-cvlW t.nk volume for settling,
free from the other 3 zones. 

(c) 	a sludge zone to receive thc esettled material and 
prevent it from interfering i.th the sedimentation 
of particles in the settlig zone. 

(d) 	 an outlet zone to provide si-oth transition from the 
settling zone to the effluent f'low. The water level 
in settling tanks is usually controlled at the outlet. 
Basin outlets are often of v-notch weir type, and 
these are quite often providod with means for vertical
 
adjustment to aid in control oi' the overflow. 

Most 	 sedimentation taks. n;ed in water purification today
 
are of the horizontal flow type. The other types are known 
 as 
upward-flow solids contact uniits an'i upward-flow sludge blanket 
type 	clarification basinz-. 
 Because of simplicity in construction,

operation and maintenrance~the horizontal-flow type 	basins are 
expected to be applicable in tho Philippines.
 

Horizontal-flow tanks may be either rectangular or circular 
in plan. Circular horizontal-flo-w tanks are usually center feed
ty-e 	with radial flow. In a rcctvnpular tank, the flow lines are 
parallel and al) in one diraction. The flow usually enters one 
end of the tank through a perforated or diffusion wall, travels 
the length of the tank, and then exits over some type of effluent 
weir. The choice of rectarular or circular horizontal.-flow type
is usually baset on designer's preference and site limitations. 
Many 	 sedimentation basins are aquipted .u'thmechanical equipment
for the continuous r iroval of settled ;o.ids. 

The standard appron:-h in 0:3signing a sedimentation basin is 
to satisfy desigt critc-ri. that have been arrived at through
experience with full-scale plan, operations and from pilot-plant
research. Raw water quality varies from 	 one source to another, 
therefore, only tentative design criteria can be established for
 
preliminary design works.
 



The temperature of the water, the npacific gravity of materials
 
in suspension, and the size and shape of th, suspended particles in
fluence sedimentation process. Experience haa shown that higher 
tank overflow rates can be used for warm water. A part cle with 
higher specific gravity will settle faster. The tini. of retention 
in the sedimentation tan-k is important, because longer time permits
 
moie floc contacts and, hence, more floc groith.
 

The purpose of the settling tank is to hold the water for a 
period of time during which the velocity of flow through the tank 
has been greatly decreased to allow sedimentation to occur. The 
main characteristics of sedimentation tank involved ino']ude the 
tank surface area, which is dependent on th2 surface ovv.rflow rate; 
the tank depth, which is dependent on the detention time; the velo
city of flow through the tanks, which is a function of the cross
sectional area of the tank, which in turn it a function of the length/ 
width ratio of the tank, its surface area, and depth.
 

Preliminary design parameters of settling basins are Ehown in
 
Appendix Table F-?.
 

APPENDIX TABLE F-2
 

DESIGN PAPA E-.T.S OF' SETTLING BA3iZ,,S
 

Raw Water Treatment Overflow Rate Detention 
Velocity 
thro h 

Tank 
Depth 

.... .. . ... (cnmd/sqm) Time (hr) Basin (mrin) (m) 

Surface Alum floc2"/ 25-50 2-4 0.15-0.50 3-4 
Ferrous floc2" 30-50 2-4 015-0.50 3-4 

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

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

Plain sedimentation 100 1-4 0,3 -1,00 3-5 

Rectangular tanks can be constructed with practical lenghes 
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 

24 ith subsequent filtration.
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minimum depth of about 2.5 meters and a recommended depth range from
 
2.5 to 5 meters. Where area is available, the shallow,.r depths are
 
preferable. In addition to the 
calculated settling basin, a provision

for inlet, outlet 0d sludge coll,-ction zones, will be m2,de. 

The numb .r 
of tanks to be provided is determined by the total
 
flow, desired dgree of flexibility of operation, and economy of
 
design. 
 A muninum of 2 basins must be provided. In larger plante,
the number of units provided miy be determined by the maximum practi
cal size of a single tank. 

The calculated width or diameter o a tank would later be adjusted
to the next s Landard size of tank, for which mechanical collectors are 
available; for rectangular type, the length would be adjusted

accordingly. Basins not provided with sludge remnval equipment will be 
made deep enough to provide sufficient volume of' sludge ntorago cap&,
nity. Typical basin outlet overflow rateL are oLown in tpp4ndix

Tablt F-3. In rectangular tanks, the overflow weir l Lg-th required

cannot usually be obtained with a single weir across the end 
of the
tank. 
The required length is usually proviled by a weir extension
 
in the third outlet of the tank. 

APPENDIX TABLE F-3 

TYPIc;A, WEIR OVtiFLO,4 RATES 

Weir Overflow Rate
 
Type of Treatment cu d/rM 

Light alum floc 150 
(low turbidity water) 

Heavier alum floc 
 200
 
(higher turbidity water) 

Heavy floc from lime P';itcning 300 

If gravity discharge of the sludce from the mechanically cleanect 
sedimentation tank is not feasible, sludge pumps of sufficient oapa,
city must be installed. 

Filtration. The goal of water treatment is to obtain the (Teteet
clarity (or lowest turbidity) of the filter efflu3nt. later filtration
is a physical and chemical process for separating suspended aid colloidal 
impurities from water by passage through a porous medium, usually a bed 
of single or multi-layer granular material. 
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Filtration may be classified hydraulically as slow or rapid,
depending upon the rate of flow per unit of surface area. Slow sandfilters operate at a rate as high as 9 cumd/sqm, and rapid-, or highrate filters operate as high as 20 cum/hr/sqm. One of the principal

drawbacks to the use of slow sand filters is the large land area
required, Another ic 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 removed sand and returning

it to the bed. Algae growth is another problem with slow sand filtersspecially in hot climates. As slow sand filters require minimum amountof mechanical equipment, it may be considered in the provincial areasof the Philippines where much land is available and when it is
 
justified economically.
 

In the design of new plants, the gravity rapid filter with coarse-.
to-fine media (dual media) is the obvious choice for the great majority
of installations. 
The best example of this is the coal-sand filter with
a coarse coal layer of about 18 inches deep above a fine sand layer ofabout 8 inches thick. The aref''ter media supported by an underdrain 
system. The most important fanction of the filter underdrain is toprovide uniform distribution of backwash water. 
It also serves to
collect the filtered water. With many types of filter bottoms or underdrains, a supporting bed of gravel is used to keep the sand out of theunderdrain and clearwell during filtration and to assist in umiformdistribution of washwater during cleaning of beds, A gravel depth of
12 inches is u;ually adequate. 
 The silioa sand used in the filtermedia is specified to have an effective size of 0.35-0.50 mm and
uniformity coefficient of about 1.7. 
 Crushed anthracite coal has a
specific gravity of 1.5, 
as compared to 2.65 for silica sand. 
Effec
tive sizes of coal up to 0.7 mm are used in filters.
 

Efficiency of dual-media filters can be increased by the use ofpolyelectrolyte filter aid in dose,small usually 0.03-0.05 mg/l. 

Warm water is easier to filter thar cold water. Filtrability
is the most important property of the applied water. Pilot plantstudies are strongly recommended in preparation to filter plant
design not only for filtrability of raw water and filter design

but also for the measurement of wash rates and expansion required

to fluidize the proposed bed. 

The usual number of filter units is four, except in small plantswhere it may be two, The maximum size of individual filter units is
governed principally by the rate at which washwater must be suppliedand 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 2 units
of equal size, so that each half could be backwashed separately. For
the preliminary designp a filtration rate 10 cum/hr/eqm used.of will be 
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Filters are usually laid out side by aide in rows along one 
side or along both sides of a pipe gallery. One end of the row of 
filters should be kept unobstructed to permit future expansion. In 
proposed plants in the Philippines,the filter tops will be open as 
there will be no freezing problem. Clear-well storage will be 
located not underneath the pipe gallery but in an area adjacent to 
the filter basins. 

Depth of water over the filter media for warn 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. 

Filter bakwashin6- is done to remove from the bed all of the 
foreign material collected in the bed during the preceding filter 
run. In a warm climate# a maximum upward backwash flow of 50-60 cum/
hr/sqm must be provided. Wastewater from backwash is collected in 
washwater troughs and conveyed into a waste drain. 

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

Bacterial removal by filtration is never 100 peroentt and the 
filtered water must be chlorinated for satisfactory disinfection. 
Provisions should be made to chlorinate filter influent and effluent* 

Appendix Table F-4 shows the recommended velocities for water
 
filtration units:
 

APPENDIX TABLE F-4 

RECOMMENDED V7MDCITTES FOR FILTRATION UNITS 

Location Velocity 

Influent 1.0 
Effluent 1.5 
Backwash 3-5 
Waste 2.0 

Cost Estimates 

The construction cost estimates of'proposed improvements will 
be based on projected July 1978 unit prices. The estimates will 
show foreign and local cost components of the project cost. Con-
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struction cost projections will be made for all items which will
 
be included in a water supply project. When using a source in
formation outside the Philippines necessary adjustment will be made
 
to reflect the local labor cost. 
 All 	estimates will be based on
 
an exchange rate of ?7 to $1. 
It will be assumed that custorris duty

will be charged,on items imported for public water supply projects.

Separate cost indices for local and foreign cost 
components will
 
be developed. 
Cost tables will be prepared to show a breakdown of
 
the estimated construction cost for major items.
 

The 	total project cost of any alternative scheme will be

computed in the following manner: 

1. Construction Cost A 
2. Physical Contingencies 0.15 A 

Sub Total B 
3. Engineering 0.10 B 

Sub Total C 
4. Land Cost D 

Project Cost E 

(Cost contingency (inflation) and interest during construction
 
are added later on.)
 

Economic Cost Comparison
 

In the determination of the least-cost water supply scheme,

present worth cost comparison will be utilized. 
The present worth
 
cost estimates will be based on the following criteria:
 

Base Year: 1978
 
Discount Rate: 12 percent
 
Service Life of Facilities:
 
a) 	Structures and Pipelines: 
 50 years
 
b3 	 Mechanical Equipment: 15 years 

Land: infinite 

Total project cost will include construction cost, engineering and 
contingencies, land cost, administrative and legal fees and interest
 
during construction. Present worth of capital costs will be calcu
lated backward from completion time of construction. 

Construction period will be estimated on the badis of similar 
type of facility constrnuction in the Philippines., 
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Annual costs will 
include personnel, power, chemicals, and
 
maintenance costs. These estimates will be carried out for the
 
years 1978, 1990 and 2000. 
Present worth cost of annual expendi.

tures will be based on gradient series at 12 percent interest rate.
 

Cost of any facility to be replaced during design pariod

(1975--2000) will be included 
in the present worth cost analysis.
 

No escalation factor will be applied on July 1978 prices as
 
all the schemes will be affected in the same rate.
 

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

Economic comparison of alternative schemes and selection of

the' least-cost scheme will be based on present worth of net dis
bursements during the period of 1978-2000.
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APPENDIX G 

BASIS OF COST ESTIMATES/ACTUAL BIDS 

Prologue 

The original work in developing Appendix G was completed in 
December 1975- Since then several factore have developed and influ
enced the basis for cost estimatest 

1. 	 Recent construction bids on the initial oonstruction 
phasos of San Pablo Wter District (October 1975), 
Bacolod Water District (December 1975), Cagayan de 
Oro Water Diotrict (January 1976), Davao Water District 
April 1976) and Batangas Water Distriot (April 1976). 
Appendix Tables G-8 to G-13 at the latter part of 

Appendix 0 show actual bid prices that compare conserva
tively with CDM estimates.);
 

2v 	 The decline of the Philippine inflationary rate, estimated 
1y NEDA to have been 7.4 percent in 1975; 

3. 	 Worldwide optimism by kinowledgeable economists that 
the near-term inflationary rates of the various 
countries bearing an influence in the Philippines 
will likewise decelerate to manageable levels. 

As 	a result of these projections, the analysis used in these
 
studies assumes the following escalation rates for the following 
periods:
 

Annual 
Escalation Rate 

1976 - 1980 	 10% 

1981 - 1985 	 8% 

1986 - 1990 	 6% 
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The reaulting multiplier' using July 1976 as Unity are as 

follows: 

Year Escalat ion Factor 

1976 1.00 (July 1976 unit prices) 
1977 1.100 
1978 1.210 (Use for second 10 feasi

bility studies) 
1979 1.331 
1980 1.464 

1981 1.581 
1982 1.707 
1983 1.844 
1984 1.991 
1985 2.151 

1986 2.280 
1987 2.417 
1988 2.562 
1989 2.716 
1990 2.879 

Ibis report will use July 1978 cost figures as a basis for cost 
analysis and projections. Therefore, to convert the 1976 unit prices 
into July 1978 prioe levels, these should be multiplied by 1.21. 
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General 

Cost data presented here refer basically to estimated con
struction costs which include all materials and labor together with 
some allowance for related misoellaneous work and contractor's
 
overhead and profit. The cost data have been converted to unit
 
prices in table or curve form for easy application during feasi
bility studies, In developing the estimates, data and information 
from various sources including local engineering consulting firms, 
materials and equipment manufacturers and suppliers and construction 
contractors bave been utilized. In some cases, prices and cost 
estimates from the United States, modified and adjusted to suit
 
local conditions, were also used. The cost figures have been
 
projected to prices likely to prevail in July 1976. 

Construction costs undergo short.. wnd/or long-term changes 
reflecting fluctuation in the local (national) economy and world 
prices. in the United States, construction cost trends are printed 
weekly in the rhgineering News Reoord (ENR) and used extensively 
as a guide for construction cost projections. Based on price move
ments of str-ttural steel, portland cement, lumber and common labor, 
and begimning 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 dovelopment of construction cost
 
indices (CCI) for local and foreign exchange component (FE) of the 
cosft. Price indtioea funished by the Department of Economic Research, 
Central Bank of the Philippines (CBP) iere applied to labor (skilled 
and wnskilled), local materials, contractor's overhead, and profit. 
The CBP consumer price indices for all items were applied to the
 
labor and profit components of constructi n work. For local materials,
 
the retail price indices for construction materials were used% For
 
imported mechanical and transportation equipment, the INR cost indices 
were adopted. The resulting projections to July 1978 are shown in 
Appendix Figures G-I and G-2. 

The unit costs whioli are developed for this study are for con
struction costs on].-o The total projeut cost would include other 
items like surveys and engineering, contingencies, land and eaoement 
costs, administrative and legal conts, and interest during con
struction. A typical breakdown of -the total project cost is shown 
in Appendix Table G-1. 
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APPEDIX TABLE G-I 

TOTAL PROJECT COST 

Cost in Pesos 
Construct ion 

I -e m Period Lcoal FEC Total 

I, Souroe Divelopment 

Yaterial and Equipmonto . . , . . , 

Civil and 8truotural Work . . . . 4 . 4 4 4 

Conctruction Cos- , . . . . ., 
151% Contingiancies• . . .• 

Su Totsd*.. . 

Land Coots 4 444 44 • 

-Total Projeot Cost * . .° oa 

2. Water Treatment Plant . , . 

a 

a 

a 

9 

a 

a 

a 

4 

i/Exoluding interest during construotion. 
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0 
The estimating prices include materials and labor cost and
 

are for non-gravel paczed wells with perforated casing in lieu of 

a well screen. Costs of materials are based on the use of imported
 
Schedule 40 black iron pipe casing. Labor costs include mobilize
tion and demobilization charges, drilling2 inotallation of casing,
perforatingg developing the well, test pumping, well disinfection, 
and grouting the upper 15 to 30 meters of the well. 

Deep Well Pump and DrMphousee 

Construction oost estimatee for deep well pumps and pumphouses
 
are shown in Appendix Figure G-4. The estimates in Appendix Figure
 
G-4 are based on the use of diesel engine driven deep well turbine
 
pumps and include discharge piping and valves, controls, misoellae
neous materials, and installation. The pumphouse is assumed to be 
constructed of masonry or cast-in-plae reinforced concrete walls 
and roof of wooden members and corrugated galvanized iron roofing 
sheets. Alternatively, cast-in-place rein:Coroed concrete flat slab 
roof may be employed. Costs do not include that of land and other 
site improvements.
 

Water P, p Stations 

The cost curves which are shown in Appendix Figure G-5 are 
for a pump station adjacent to a river or lake. The cost of this 
type or poup station includes an approach channel, intake structure 
and a pump wet well, A superstructure for housing pump, motors and 
controls and necessa7 piping are also included* Cost of land, power 
transmission and substation, and access road must be added to the 
cost obtained from Appendix Figure %-5. 

Water Treatment Plants 

Numerous water treatment plants with various capacities have 
been built iu the United States. Therefore, it was possible to 
develop cost curves for the treatment plants based on plant capa
cities used in the preliminary cost estimates. However, it was 
necessary to modify US. costs to reflect differing construction 
costs in the Philippines. The resulting construction costs are 
shown in Appendix Figure G-6. Costs related to land purchase, 
access road and power facilities will have to be added to the costs 
obtained from these curves. 
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Water Kiins 

Cost stuvde- haV ;.een made on-pipe of various materials inolud
ing cast iron, asbentos cment, uteel, ductile iron and prestrseed 
concrete. The unit costs of pipelines are based on the assumptiou 
that the aqtc ost pipe, whother locally manufaotured or imported, 
will be utilized. Th6 eatimated -nit inr-plce costs based on lower 
limit of cost envelopes are presented inAppendix Table G-4. The
 
costs include pipe, fittings, jointing materials, excavation, pipe 
beOdding, backfill, laying and jointing, conorete thiast blocks, 
pressure and leakage testing, disinfection and flushing, pavement 
replaoemen-L, clean up, tr&qsportation, contingenciee, and contractor's 
overhead and profit, Cast iron pipe coots assume 111MA olass 150 pipe 
with inside lining7 outside -tar coating7 and bell and spigot lead 
caulked joint,? CoAts for asbestos cement pipe are for Class 25, 
ISO R160 specificatint with sleeve-type ooupling joints. Costs 
for eteel pipas are Ibased on pipe with a wall thickness of 0.25 inch, 
with inside cement lining and outside double enamel coating. 

Booster PumpLL-nion 

Cost cuxres for booster pump station are shown in Appendix 
Figure G-7,. Development of these curves is based on available 
local information and U.S. costs with some adjustment for the 
labor component. Booster pump station costs include pumps and 
motors, necessary controls, piping and a superstru/cture. Depend
ing on location of the pump station, cost of access road, power 
transmission line and a oubstation, and land would have to be 
added to the costs obtained from this curve. 

Ground Stor.e,Reservoirs
 

Construction cost estimates of ground storage reservoirs are
 
presented in Appendix Piguave G-8 including steel, reinforced 
comncrete and prestressed concrete tanks. The costs for steel and 
reinforced concrete tan-ks are based on updated costs of actual 
oonstruti.ion in the past in the Philippines and in other arts of 
the wor'd. 

For tpnks contructed of prestressed conorete, the costs are 
based on prices of similar tanks constracted in the United States 
adjusted to reflect local prices of matorials and labor and on the 
assumption that loal expertise, equipment and facilities for such 
construction are available. At present, prestressed concrete tanks
 
are not construoted in the Philippines.
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APPENDIX TABLE G-4
 

PIPELINTE COSTS
 
(July 1976)
 

Uniit Cost P 
Size mm Material Local Ttal 

100 AC, CI 47 33 80* 
150 AC, CI 78 72 150
 
200 AC, CI DI 96 104 200* 
250 AC, CI, DI 
 148 182 330
 
300 
 AC, OI, DI 190 250 
 440* 
350 AC, CI, DI 216 324 
 540*
 
400 AC, CI, DI 264 396 660* 
450 AC, Ci, 1)I 277 453 730*
 
500 AC, DICI, 296 504 800* 
600 
 AC, CI, DI 342 608 950*
 
700 PSCP, S, DI 448 672 1,120
 
800 PSCP, S, DI 520 
 780 1,300 
900 PSOP, S, DI 588 882 1,470
 

1,000 PSCP, S, Di 672 1,008 1,680 
1,100 PSCP, S, DT 
 780 1,170 1,950
 
1,200 PSOP, S, DI 912 
 1,368 2,280 
1,300 PSOP, s, DI 1,000 1,500 2,500 
1,400 PSCP, S 1,160 1,740 2,900 
1,500 PSOP, S 1,260 1,890 3,150 

*Based on contractor's bid prices for San Pablo and Bacolod City
water su)py system improvements in November and December 1975. 

V/US $1 = P7.00 
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Tank costs include ordinary piping, valving, and tank acces
sories such as vent, access manhole, ladder rungs, etc. The costs
 
do not include special valves And controls, land taking and access
 
road.
 

Gate Valves 

Gate -valves up to 600 mm diameter oan be mactured in the 
Philippines. Unit costs for gate valves are based on the prices of 
locally manufaaturmd valves. However, tudiles indicate that the 
prices of imported (U.S.) gate valves conforming to AWWA Standard 
0500 are only slightly highel- than those of the locally manufactured 
valves. he in-place estimating prices for gate valves up to 300 mm 
diameter are shown in Appendix Table G-5. The unit prices include a 
locally manufactured cast iron valve box and cover. 

Butterfly Valves 

Current local practice uses butterfly valves instead of gate
 
valves for sizes 350 m, and larger. Butterfly valves are not
 
manufactured in 1he Philippines and therefore cost data for this
 
type of valve a'e based on the assumption that these valves will 
be imported. The unit in-place oosts are given in Appendix 
Table G-5.
 

Fire H~drant s 

The unit in-place coots for fire hydrants assume the use of
 
dry barrel, compression type, traffic model hydrant with 21-inch
 
hose connection and one 4-inch pumper connection. The cost figures 
are shown in Appendix Table C-6 &nd include fire hydrant, gate 
valve, tee fitting, jointing materials, concrete thrust blocks, 
miscellaeous materials, and installation. 

Service Connections 

Cost data for service coruiections developed for this work are
 
for 2 types of service lines. In the first type, the service line
 
consists essentially of flexible polyethylene (PE) plastic pipe

without a "gooseneck". The other type consists nf a service line 
made up of GI pipe and employs a PE plastic p! gooseneck. 

The unit in-place estimating prices are for service connections 
from j to 2 inches ir, showqn in Appendix Table G-7. The cost figures 
are based on the assumption that all materials and components of the 
service connection would be locally manufactured. The unit costs 
also assume connection to asbestos cement water distribution mains 
and include a service clamp in all oases. 

G-11 



APTPNDIX TABIR 0-5 

fli-PIUd' VALVE~ 0OW3 

A4 Gate Valves 

icO 6301 

150 760 1 9.{ 

200 .990 10 2, 60(2 
250 1,300 2,400 3 7Of 

300 ,580 3t220 480f

350 3,040 6,46) 9530 

400 3,900 9100 1-3 00M 

,ap Butterfly Valves 

300 2,035 3,465 5,5o
350 3,370 6,260 9,63" 

^
400 4,370 3,870 3o 
450 5,083 Y1,315 
500 5,890 '4,410 20300
 

600 6,700 1,8,100 -4 8a) 
700 7,500 22,5 -.3, 

800 8, W-o-7 V600 3400 

900 9,600 32,4co 2 C<Z 
1-000 11 200 , =3C00 

1,100 12,600 47 400 0 .& 

IV200 14,200 56,800 71,coo 
1,3*0 15,200 d.00164,2C0X 
1,400 16,200 -3,>00 5' O0 

1,500 17,300 84,700 02 ,CO0 

G-12
 



APPENDIX TABLE G-6 

6/ FIRE HYDRANTSY

Size (mm)in-Place CostY/ 

-(inlet connect ion) Local FEC8 Total 

100 1,572 2,202 3,774 

150 2,304 3,173 5,477 

APPRIDIX TAI3LE G-7 

COST OF SERVICE CONNECTIONS 
(July 1976) 

Diameter In-Place Cost/ (r) 

(i)Local FEC2 Total 

150 216 366
 

5/8 - 3/4 160 240 400
 

1 180 330 510 

3 360 840 1,200 

2 450 1,350 1,800 

-Iydrants aae imported.
 

ICoots ar3 for July 1976.
 

iBaoed on F7 to $1. 

2/The abovs estimated coats include all the material and work 
necessary fmw a service oonnection from water main to the meter 
(5 to 15 meters long) with the exception of pavement replacement 
and the meter. 

."i/oreign emchange component is based on contractor's bid prices 
for San Pablo and Bacolod City water supply system improvements in 
November and December, 1975. Exchange rate is US $1.00 to F7.00. 

0-13
 



Not included in the unit ooztR are curb atope, curb boxeo, 
and water meters, The in-place pl-ices of these items should 
be added to the tabulated unit costs3 should it be desired to 
include them in the installation and estima'ting prices*
 

Actual Bid F'rictis 

Appendi Tt.biea C-8 to C-13 compare CDMI eati-;ates and unit 
prices taken ccastructio bids on the initial construotion 
of the w.ter supply systems of th(- following ivater districts! 
Bacolodw Batungas, Cagayan do Oro, Davao and Ban Pablo. Deepwell 
conntruction oocti for thefle watfr diatricts are itemized in Appendix 
Tables C-14 to G-18, 
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Estimate by 

or Bid on 

CDl Eatimate 

Davao Water 

District 

Bacolod Water 

Distriot 


San Pablo Water 
Di striot 

CDM Estimate 

Cagayan de Orc 
Water District 

Batangas Water 
District 

*LWU& f'urnished 

APPENDIX TMB9 G-8 

UNIT PRICES OF PIPE-.Tr-PLACE
 
(?'/lineal meter)
 

Date Materia! Cost/Meter Remarks 

July 1976 AC, CI 80.00 

April1976 AC 48.00 Low Bid 
" 48.56 
it 50.00 
It 53.42 
it 59.00 
it 66.12 
It 70.68 
if 87.80
 

Dec 1975 PVC 60.12 Low Bid
 
of 62.60
 
" 88.10
 

Oct 1975 PFV 49.76 Low Bid 
73.83 

" 125.00 

July 1976 AC, CI 150,00 

Jan 1976 PVC 50.50* Low Bid 
if 102.80* 
to 113.38* 

April 1976 ACP 74.00 loW Bid 
80.90 

105.00 

pipes. 
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Estimato by 
vr Bid or, 

~~D3*T-


Caxy de , o 

.te, 'V. ,*1 


Y .{:> ; Wte: 

D.wR
Vvatur 
District 


.,COlOd Wareex 

., ablc Witer 
DLsx n t 

c.i ?4 "iJ. 

3 .T;g City 
'9=abv Diorict 

APPENDIX TMU3LE 

Date 

ihsii 1976i1y 

JaI 1976, 

April 1976 

April 1976 


Dec 1975 

Oct 1975 

July 1976 

April 1976 


6-8 (Continued) 

MWaerial. 

CT D1 

Steel 

ACP 
i i 

AC, Steel 

o 
of 
it 

it 

to 
it 


PVC 


PVC 

it 

to 

250 mm pipe
 

C, IE D 

ACP 

t 

Cost/Meter Remarks 

2:00.00 

193.25 Low Bid 
194.80 
227.29 
371.32 

117.00 Low Bid 
130.70
155.00 

123,11 Low Bid 
132.00 
135.00 
136.42 
146.40 
168.00 
174.00 
256.00 

138.62 Low Bid 
154,80 
196.45 

126.29 Low Bid 
184.18 
250.00 

330.00 

183.00 Low Bid 
223.65 
250.00 
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Estimate by 

or Bid on 

CD Estiapte 

Cagayan de Oro 
Water Diptrict 

Balang. Wae 
Distr ict 

Baoolod Water 
District 


CDM Estimate 


Davao Water 


District 

Bacolod Water 


Distriat 


San Pablo Water 

District 


APPENDIX 

Date 


July 1976 

Jan 1976 

April 1976 

Dec 1975 

July 1976 


April 1976 


Dec 1975 


Oct 1975 


TABLE G-8 (Continued) 

Material Cost/Meter Remarks 

300 MM pie 

A,, C!, DI 440.00 

Steel 

" 

339.70 
341.65 
369.33 
549.99 

Low Bid 

ACP 
: 
to 

228.00 
255.65 
285.00 

Low Bid 

Steel 
" 
"v 

369.00 
377.08 
382.90 

Low Bid 

350 M. pipe 

AC, CI, DI 540.00 

Steel (LWUA 
it pipe)
of 
,, 

,, 

296.00 
340.00 
347.83 
376.39 
399.00 
406.00 
532.00 
700.00 

Low Bid 

Steel 388.03 
40000 

Low Bid 

Steel 492.11 
560.00 
587.-5 

Low Bid 

G--17
 



Estimate by 

or Bid on
 

0DM Estimate 

Cagayan de Ore 
Water Distrlct 

Batangas Watcor 

District 


Davao Water 

District 


Bacolod Water 

District 


San Pablo Water 
District 

CDM Estimate 

Davao Water 
Distriot 

APPENDIX 

Date 


July 1976 

Jan 1976 


April 1976 


April 1976 


Dec 1975 


Oct 1975 


July 1976 

April 1976 

TABLE, G-8 (Continued) 

Material Cost/meter Remarks
 

400 mm~ Dive 

tC, CI, DI 660.00 

Steel 418.80 Low Bid 
471.13
 
476.00
 
633.67
 

Steel 321.00 Low Bid
 
426.00
 
430.00
 

Steel 338.00 Low Bid
 
" 359.14
 

360.00
 
419.81
 
430.08 
446.00 
580.00 
780.00
 

Steel 456.06 Low Bid
 
i 459- 00 
it 530.65
 

Steel 588.22 Low Bid
 
" 635.00
 
ft 
 657,85
 

450 rin pipe 

AC, CI, DI 730.00 

Steel 398.00 Low Bid 
" 474.35 
it 475.00
 
it 581.00
 

651,00
 
808.00 

1,O30.00 
1,078.o6
 

a-18 
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APPFNDIX TABIE C-8 (Continued) 

Estimate on 
or Did on . 

Date 11 erial Cost/meter Remarks 

450O -a 2i±pfs (otinued) 

Baoolod Water Do 1975 Sta1 555.64 LOW Bid 
Distriot 588.00 

"f 772.95 

San Pablo Water Ot 1975 Steel 695.17 LowBid 
Distrio i 770.o0 

of 825.96 

CIS Estimate July 1976 AC, Cl, DI 800.00 

Cagayan da Oro Jan 1976 Steel 549.00 Low Bid 
Water District 605.00 

613.00 

Batangas Water April 1976 Steel 372.00 Low Bid 
Distri t 520.00 

"f 530.00 

Davao Irsr April 1976 Steel 447,00 Low Bid 
Distrio" 500.00 

S.50265 

561.42 
582.00 
597.00 

"t 835.00 
"9 1,020.00 

Baoolod Water Dec 1975 Steel 609.00 Low Bid 
tistrict 683,00 

703.60 

CIX Eatimate July 1976 AC, GI, D1 950.00 

Cagayan do Oro Jan 1976 Steal 787.00 Low Bid 
Water District 847.00 

U900.00 

1,044.34 
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APPENDIX TABLE G-8 (Continued) 

Istimate on Date xat erial Goet/meter Remarks 

600 mm piye (continued) 

Batangas Water April 1976 SteaI 493.00 Low Bid 
District 552.00 

"I 700.00 

Davao Water April 1976 Steel 630.0 Low Bid 
Dietriot 645.87 

692.00 
723.00 
730.00 
751.91 
909.00 

1,240.00 

Baoolod Watt Dee 1975 Steel 729.86 Low Bid 
Distriot 748.00 

it 836.00 

GIN timate Ju1vI 1976 FSGP, S, DI 1,470.00 

Davao Water April 1976 Steel 1 05.45 Low Bid 
District 1115.00 

1,140o00 
1,221.00 
19342.00 
1361.22 
1,665.00 
2,070.00 
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APPDIX TABLE 0-9
 

UNIT PRICES OF GATE VALVES
 

Mtimate by 
or Mid On 

CDX Estimate 

San Pablo Water 
Distriot 

Cagayan de Oro 
Water District 

Raoolod Water 
Distrit 

Davao Water Distriot 

Ba 	angas Water 
Distriot 

(Lump Muu, 

Date 

July 1976 


Oot 1975 


Jan 1976 

Deo 1975 

April 1976 

April 1976 

?/Item) 

Looal(P) 

630 

480 
1,877 

1,600 


238 
502 

50 


533 


818 
914 

1,061 

503 
600 
700 
743 

657 

664 
971 
865 

861 

706 
805 

FEC(?) 

770 

660 
-

629 


647 
616 


I114 

703 


592 
621 
615 

630 
622 
568 
600 

716 

730 
568 
675 

1,221 
1t221 

Total(P) Remarks 

1,400 

4140 Low Bid 
1,877
 
2,229
 

885 Low Bid 
1,118
 
1,164
 
1,236
 

1,410 Low Bid 
1,535
1,676 

1,133 LOw Bid 
1,222 
1,268 
1,343 
1,373
 
1,394
 
1,539
 
1,540
 

861 Low Bid 
1,927 
2,026 
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AP M.,DMX MIMLE C-9 (Contim.uod) 

Estimate IV' 
or Bid On 

CDN Estimate 

San Pablo WV-ter 
District 


Cagayan do Oro
 
Water District 


Bacolod Water
 
District 


Davao Water District 

Batangas Water 
District 

C!M Feiimate 


San Pablo Water 
District 

Date Loc0al (r~ 

- i-

JuI7 1970 760 


Oct 1975 600 

2,203 

1,690 


Jan 1976 67 

980 


1,170 

1,385 


Dec 1975 940 

1,225 

1,289 

April 1976 600 

773 


679 
1,020 

1,047 

1,080 

1,178 

1,169 


April 1976 1,109 
760 

1,025 


200 mm
 

July 1976 990 


0ct 1975 990 
2,190 
3,926 


~.() 


-

1,140 


900 

-

860 


1,531 

810 

813 

889 


855. 
814 

840 
900 

830 


1,142 
830 

810 

803 

808 

830 


-
2,326 
2,326 


1,610 

1,388 
1,349 


-


Tiutal(?,') Rem~arks 

-

1,900
 

1,500 Low Bid
 
2,203
 
2,550
 

1,598 Low Bid
 
1,790
 
1,983
 
2,274
 

1,795 Low Bid
 
2,039
 
2,129 
1,500 Low Bid 
1,603
 

1,821 
1,850
 
1,857
 
1,883
 
1,986
 
1,999 

1,109 Low Bid 
3,086 
3,351 

2,600 Low Bid
 

2,378 Low Bid 
3,539 
3,926
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APPENDIX TABLE G-9 (Cozit inued) 

Esutimate by Date 14oa1(?') FEC(P) Total(?) Remarks 
Qr B&,d On 

200, m (Continued) 

Cagaym de 	Oro
 
Water District 


Bwolod Water
 
Divtrict 


Dwao Vatfr Dittrict 

Batanzaw Water 
Distric~t 

CDM Estimate 


Batangas Water
 
Distriot 

CDX Estimate 


San Pablo Water
 
Ditriot 


Jan 1976 ,186 

88 


1,374 

1,&41 

Deo 1975 	 19510 

1,535 

1,833 


April 1976 700 

690 


1,081 

1,186 

1,221 

1,410 

1,505 

1,499 


April 1976 -

July 1976 	1,300 


April 1976 2t38, 

1,222 

1,440 


JhV 1976 	1,580 


Oot 1975 	2,024 

3,160 

7,021 


10277 

2,404 

1,270 

1,395 


l320 

1,345 

1,277 


I388 

1,587 

1,267 

1,320 

1,298 

1,260 

1,262 

1,407 


2,400 


-

4,762 

4,762 


30220 


2t662 

2,607 


-

2,463 Low Bid 
2,492 
2,644 
3,236 

2,830 Low Bid 
2,880 
3,110 

2,088 Low Bid 
2,277 
2,348 
2,506 
2,519 
2,670 
2,767 
2,906 

-

3,700 

2,383 Low Did 
5,984 
6,202 

4,800 

4,686 Low Bid 
5,767 
7,021 
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APPaIDIX TABLE G-9 (Continued) 

Estimate by Date Looa.l(P) P'ZC(P) Total(?') Reawks
 
gr~ 
 - -w ...... 

300 MM (Continued) 

Cagayan do Oro 
Water District Jan 1976 1,890 2,436 4,326 Low Bid 

1,912 
138 

2,467
4,642 

4,379
4,780 

2,965 2,694 5,659 

Baoolod Water 
District Deo 1975 1,821 2,615 4,436 Low Rid 

2,417 2,542 49959 
2,592 2,467 5,059 

Davao Water District April 1976 750 2,700 3,450 Low Bid 
1,226 2,482 3,708 

741 3,307 4,048 
1,870 2,408 4,278 
1,629 2,662 4,291 
2,045 2,482 4,527 
2,409 2,482 4,891 
2,458 2,482 4,940 

Batangas Water 
District April 1976 2,964 - 2,964 Low Bid 

1,338 6,698 8,036 
1,570 6,698 8,268 
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UNIT PRICES OF SMVICE CONNECTIONS 

Estimate 'Sy Date Lool(F FEC(P To a ( ) e a 

CDM B."imate July 1976 160 240 400 

SAm Pablo Water 
Distriot Oot 1975 125 287 412 Low Bid 

562 - 562 
420 315 735 

Baoolod Water 
Distriot Dee 1975 93 187 280 Low Bid 

175 196 371 
234 192 426 

Dvao Water District April 1976 104 123 227 Low Bid 
72 192 264 
136 138 274 
100 
152 

202 
187 

302 
339 

170 173 343 
228 179 407 
240 225 465 

CaMan do Oro 
Water District Jan 1976 64 180 244 Low Bid 

56 196 252 
113 382 495 
360 228 588 

1" d"h-etar 

CDM Estimate July 1976 180 330 510 

San Pablo Water 
District Oot 1975 161 399 560 Low Bid 

648 - 648 
590 698 1,288 
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APPFMDIX TABLE G-i1 ((ontinued) 

Estimate by 
or Bid, On 

cagvysn 66 Oro 
Water Distriat 


Bacolod WVeer
 
Distriot 


Davao Water Distriot 

CDR Estimate 

San Pblo Water 
Ditriot 

Caayan de Oro 
Water Distriot 

Baoolod Water 
Distriot 


Date Lca() 

Vfe diait 

Jan 1976 	 74 

64 


115 

425 


Dao 1975 	 153 

106 

167 

288 


April 1976 	 106 

103 

153 

125 

186 

185 

290 

256 


diameter 

JuMy 1976 	 360 


0ot 1975 	 978 

318 

680 


Jan 1976 	 86 

93 


725 

196 


Deo 1975 	 144 

204 

335 


F9-c(?) Tota1l(P) Reawks 

(Continued) 

244 318 Low Bid
 
300 364
 
580 695
 
322 747
 

202 355 Low Bid
 
259 365
 
294 461
 
286 574
 

189 295 Low Bid
 
251 354
 
202 355
 
300 425
 
243 429
 
268 453
 
218 508
 
256 512
 

840 1,200 

- 978 Low Bid 
1,068 1,386
 
19162 1,8,2
 

574 660 Low Bid
 
612 705
 
868 1,393
 

1 495 1,691
 

660 804 Low Bid
 
820 ,o24 
738 1,073
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or 114 Ot 

Da>vo Water D~itrict 

CD Eatimate 

San Pxblo Water 
Diztriot 


C%--Ayau das Oro 
Water Die.riot 

flaDolod Water 
iMsiriot 

Davao Water Dirtrict 

April 1976 


2" di 

July 1976 

Oct 1975 

Jan 1976 


D~o 1975 


April 176 

102 
352 

213 
175 
130 
230 
470 
395 

ter 

450 

445 
1467 

850 


108 

112 


4,024 

171 


192 
410 

215 


133 

220 

106 

690 

496 

225 

487 

245 


421 
222 
480 
600 
656 
669 

450 

607 

It350 


578 

-


1,560 


10-66 

1,447 
%a285 

2,193 


10.O0 


1.120 

1,35 

690 

725 

969 

638 

848 


P-125 

893 


1;167 


523 Low Bid 
574 
693 
775 
786 
899
 
920
 

, 00 

19800 

1,O23 Low BdI
 
1,467 
2,410
 

1,274 Low Bid 
1,559
 
2,309 
2,364
 

1,242 low Bid 
1530
 
1,540 

823 Low Bid 
945
 

1,075
 
1,328
 
1,344
1,350 
1,380 
1,412
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APP M.IX TALE G-11
 

UNIT 

Estimate by 
or Bid On 

CN 1"StAiat 

S=Pablo Hater
 
District 


C~ayeq d 	 0. 
Water Dintriot 

Baoolod Water 
D striot 

Davw Water District 

Batangeas Water 
District 

DM Eatimato 

San Pabo Water 
District 

PRICS OF B 7ENYUTT.ftLmp "um, 	 fviitem) 

D .te LO can(r) 

, 1976 	 3r37o 

Ot 1975 	 3,40 

3,668 

5e418 


Jani 1976 

Do 1975 	 3,092 

3,254 
3,157 

A-ril 197,6 771 
850 

2,923 
3,788 

2,874 

3,330 
3 595 
5,370 


April 1976 -


Julv 1976 	 4,370 

Oct 1975 	 55V,5
4,980 
7,781 

C-28 

VALVM 

1c(P) 

6,260 

4,388 
51722 
5,648 

5380 

5,640 
5,820 


6,495 
6,750 
4,972 
5,138 

6,356 

6,420
8v7!5 
8,415 


8870 


5 888 
8,032 

7,962 


Tot&I) Remarks 

9t6 0 

7,788 low Did 
9,390 

11;066 

-

8,472 Low Lid 

8,894 
8,977
 

7t266 Low Bid 
7600 
7t895 
8,926
 
9,230
 
9,750 

12,310

13,785 

130240
 

30,923 Low BId 
13,012 
15,743
 



APPLEniaX 'TPABLE C-1I (Continued) 

Estimate by 
or Bid Or, 

Cagyan de Oro
 
Wae3r Diatrict 


Baolod Water
 
Distrit 

Davao Wator Diptriot 

BUtangw Water
 
District 


0DM EstimAe 


San Pablo Water
 
District 


Cagayan de Oro
 
Water District 


Baoolod Water
 
District 


Date Local(!) 


Jan 1976 	3,074 

3,588 

4v670 


205 

Dec 1975 	3,635 

3t775 

4,829 

April 1976 804 

Ib 00 0 


3,430 

4,642 

4,480 

4,735 

4,240 

5,690 


April 1976 1,766 

2,257 

2,284 


July 1976 	5,083 


Oct 1975 	6,085 

5,829 

9,582 


Do 1975 -

DeO 1975 	4,678 

4,787 

5,845 

FEC(r) 

7,962 

7,762 

8p697 
4,9e84 

6,901 

8,205 

7,658 


8t012 

8,250 

7,279 

6,360 

7,350 

7,421 

8,468 

8,468 


6,416 

16,123 

16,123 


].1,,315 


8,250 

10,125 

10,010 


-

8,422 

10,312 

10,005 


Totrl(P) RaWkm 

11,036 low Bid
 
11,350
 
I?,367
 
15,188
 

10,536 Low Bid
 
11,980
 
12,487
 

8,816 Low Bid 
9,250
 

10,709
 
11,002
 
11,830
 
12:156
 
12,708
 
14,158
 

8,182 Low Bid
 
18,380
 
19,007
 

16,398
 

14,335 Low Bid 
15,954
 
19,592
 

-

13,100 Low Bid
 
15,099
 
15,850
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APPDIX TABLE G-11 (Continued) 

Effti.ato by 
or Bid Oa 

Davao Water Distriot 


Batangas Water
 
Diatriot 


CM Estimate 


San Pablo Water
 
Distriot 


Cagv~ya da 	OMo
 
Water Dietriot 


Bacolod Water 
District 

Davao Water District 


Batanga Water 
Distriot 

Date Looaa(7r) 

April 1976 1,500 

856 


3,950 
4,251 


4,727

6,700 
5,700 

7,017 


April 1976 -

July 1976 	5,890 

Oct 1975 -

Jan 1976 	4,115 

5,372 


7,602

238 


Doe 1975 -

April 1976 	1,700 


883 


4,711 
5,095
8,091 

8,557 

7,030 


April 1976 2,801 

3,285 


4,591 


9,7O-
11-385 

9,750 
9465 


9065 

8,9902 

10,455 

9,465 


-

14,410 


-

15,084 

14,228 


16,482

280395 


-

12,750 


14,550 

11,865 
11520 
11,520 
11,520 

13,538 


9,444 

21,178 


21,178 


Tot~l(P) 1Remaxku 

1250 Low Bid 
12,241
 
13,700
 
13w716
 
14t192
 
15,602
 
16,155
 
16,482
 

20,300
 

-

19,199 Law Bid 
19,600 

24,084

28,633
 

14450 Low Bid
 

15,433 
16,576
 
16,615

19,611
 
20,077 
20,568 

12,245 Low Bid
 
24,463
 

25,769 
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AP_ 2D!X 'F;'JLE (XI (Continued) 

Estimato lay Dal I jca1(r) r'sc(P) Totai(P) hemarka 
or Bid On 

CDM Fstimats July 1976 69700 18,100 249800 

Baoolod Water 
Dictr':ov i 0 1975 "357 ,,", 09 21,866 Low Bid 

6?210 181,998 25,208 
,1t85 19t568 26,753 

Dar" Water Diatrit April 1976 12700 18t750 20,450 Low Bid 
928 21,839 22,767 

6 32-4 16,882 23,206 
5,959 17,670 23,629 
7760 17,850 25v610 

l!t631 17,160 28,791 
1 846 17.160 29,006 

CDM Estimste July !976 9,600 32400 42,000 

Davao Water Diatriot April 1976 2C30 45,000 47,300 Low Bid 
9,174

l0o665 
11, 93 

420O 
42,000 
42,840 

51,174 
52,665 
54,743 

1,121 
12,350 

5638 
52,125 

57,859
64,475 

27,743 42,000 69,743 
30,719 42,000 72,719 
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APP1TDIX TA.BbE C-12 

UNIT FRICME OF FIRE HYDIUNTS 

Eatimee by , Loca3)( ) Mc(r.) 

or Bid - e. id .-

CDM Etimatef July 3976 2304 3,173 

Bateag.a Water 
Diatriot April 1976 --

C8a de Oro 
Water Distriot Jan 1976 828 3,491 

2772 
3,570 

792 

2,760 
2,432 
5,927 

San Pablo Waer 
Distriot Oct 1975 2,307 2,520 

2,800 
7,987 

3,712 
1,619 

Bacolod Water 
District Doc 1975 2,418 

2,642 
4t398 

3,173 
3,148 
3,225 

Davao Water Dia-triot April 1976 2,050 
2442 
2,681 
3,363 
3,565 
3,828 
4,560 
2,126 

3,00 
2,868 
2,985 
2,790 
2,859 
2,812 
2,828 
5,649 

Tota1(P) Remarks 

5,477 

4,319 
5,532 
6,002 
6,714 

4,827 
6,512 
9,606 

5591 
5,790 
7,623 

5oO50 
5,310 
5,666 
6,153 
6,424 
6,640 
7,388 
7,775 

Low Bid, 

Low Bid 

Low Bid 

Low Bid 
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APJ 1DIX TABLE G-- 3 

UNIT PRICES OF FIPXU HYDRANTS 

Estimate by 
gr li~d On
 

CDM Estimw&te 


Cagan do Oro
 
Water Distr-ot 


San Pablo Water 
District 


Baoolod Wator 
Distriot 


Dwvao Water Diatrict 


Batanag Wa er 
District 

Da-M- Lcag(T) 

July 1976 	 1572 

Jan 1976 620 

20126 

21709 


613 

00t 1975 	14818 

2,500 

5,689 


Doc 1975 	220-68 

2,a107 

3,C43 

April 1976 1 926 
2,100 
2,669 

1,973

2,592 

2,460 

3,073 

1,835 


April 1976 914 
1,130 

1,445 


1EC(?P) 

2,202 

542 
1,125 

1,447 

4,516 


1,500 

2,730 

629 


19847 

1,820 

1,882 


1,078 

1,125 

982 


1,765

1,199 
1,388 

1,320 

3,342 


4,437 
4,437 

4,437 


Tota1(r) Reawks
 

3,774 

,162 Low Bid 
3,251 
4,156 
5,129
 

3,318 Low Bid 
5,230 
6,318 

3,915 Low Bid
 
39M7
 
4,927 

3e003 Low Bid 
3,225
 
3;651
 
3,738

3,791 
3,848 
4,393
 
5,177
 

5,351 Low Bid 
5,567
 
5,882
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APPFEMMIX TABLE G-14
 

SAN PABiL CITf
 
DKEPELL CORSTRUCTION 

Work Ttem Twiait Twt Prioe Total Remmzkw 

-L v......1 w11 4v500,00 49000.00 

b 
15 
45 

m 
it 

590,40 
393.60 

8056,00 
17,712.00 

;2 co 

% 

7"W.1I 

w 

I24 

60 in 

10 bzg-a 

bx 
,48hy" 

1 4i11 

131.20 

18,00 

140,00 

150.00 

2,419.50 

7,872,00 

180,00 

3,360.00 

79200,00 

2,419.50 Includes RC Pedestol; 
and Installation 

: 

,..)152 . 

, 

... , t 

Txc;x:n 

30 m 
30 m 

10 bah-a 

189.90 
268.45 

15.00 

5,697.00 
8,053.50 

150.00 

?T,P66000,00 

Blank 
perforated 
for Grout ing 

•a 5,00,00.975 

.1'apth M9O00.O0 

0-34
 



APPENDIX TABLE G-15 

CAOAYAS' M ORO CITY 
])MEE LL CONSTRUCTION 

Work Item 	 Unit Unit Price Total Remarks 

I. Mobilization I well 5p000/well 5t00 
2, Drilling
 

a) 571.5 iw (2') 1524 785/1 11,963.40 Hole to 15.24 it 
b) 4C6-44 rLm (16") 106-76 r 525/in 56,049.00 from 15,24 to 122! 
c) 279,4 rm (1') 98.00m 330/n 82,340.00 from 122 to 221 

3* Install, zmJ Joii Cr,-qine 

and Soin 
a) 4064 (.6 ) 122 m 75/01 9,150.00 blank 
b 279.4 k. I 8,3 ta 65/0 5,395.00 blank 

254 (I")0 15-24 z 166N 1,524,00 screen 
4. Grouting 	 50 bage 90/bac 4,500.00 above 15.24 m 
, Develop Woels 24 hr lO0/hr 2,400,00
 

6, Test Pump 48 hr 100/hr 4,800600
 

7. Well Complotion I well 2,500/11 2,500.00 Includes RO 
8. 	Furnish Casing Pedestol B
 

a%406.4 mw(16") 106,76 r, 450/0 48,042.00

279.4 = (11") 98.00 m 360/ 35,280.00
 

9, Furnish and Install
 
well flage and
 
blind flanget
 
406.4 mm (16") 1 190 e, 190.00 

10. 	 Furnish Screen (15.24 m) 50 ft S 67.63/ft 25,361.25 Johnson Stailless 
steel well screen 

11. 	 Pariseh Lead Pacren 
a 254 mm (10") 1 S 88.20 661.50 
b 279 mm- 406 =m 

(II" - 16') 1 138.00 1,035.00 Lead Slip Pacren 

12. 	 Freight for Icenr 10 
and 11 $1,876.00 4,070.00 

TOTAL 13D PRICE 	 P260,261.15 

Exobange Ratot 

I1- 7e.50
 

* AS OF JANJAR! 1976 

CO @ 27.9 am casing at 220 m depth 	 ?512,00-.00 
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APPEI211IX TABLE G-16 

MARAWI CITX 
DERELL CONSTRUCTION 

Work Ite 	 Unit Unit Prioe Total Remarks 

le Demobilii.ion
 

and t-~bilization Lump Sum 36#500 36,500.00
 

2. 	Complete drilling o:'
 
356 ni hole Inoludes temp.


Drilling in Fractufl d casing and sampling 
Rook 30 a 6,30/m 189.00 

Drilling in Other
 
Natermala 22 m 5.70/m 125.40
 

3. 	 Elsotr:c Logging and
 
Inte.rprf~tioc Lump Sum 2,600/well 2,600,00
 

4. Permanent Cnaing 
273 	 " o0D. 30.5 m 1,000/m 30v500.00 Famishing 

and Install&tion 
5. 	 Inuallatiom of Soreen
 

(Incl. Ifransp) Lump Sum 5,630/well 5,630,00 Assemblingg Joint
 
6. Sump 200 um (81) Lump Sum 400/well 400.00 With rotten cup

installation 
7. Gravel Packing 78 m 22 m 400/ 8,800,00 Around soreen sum 
8. Gravvel PRking 42 mm 5 m 370/m 1,850.O0 Around perm. caoing 
9. Developinpg Woll 48 hr 170/bh 8,160.00 Swabbing and balling 

10. 	Daeeloping Well 48 hr 170/hr 8,160.00 Air Compression
 
and pump
 

11. Test Pmping 48 hr 170/hr 8,160,00 	 65 1ps 

12. 	 Sealing 42 mm around 
Casing 19. lOO/6 1,900.00 With ola./bantonite 

13. 	 Conorate Orcmting 
42 mm 5.25 m 100/m 525.00 Around Casing 

14. Disinfeotion,
 
Completion of 
Well Lump Sum 2,800/well 2,800.00 Inoludes Site 

Clean-Up
TOTAL BID PRICE P116,299.40 

AS OF 	 NOVEMBR 1975 

CDX @ 27.3 om onang at 52 M 
depth P1129,000,00 
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APPE DIX TAMLE G-1 

B.45 ANGAO ,C'Tf 

DMWELL CONSTRUCTION 

Work Item 	 Unit Unit Price Total Remarks 

1o Genera! obiliatiozi 	 2500.000 2,500.00 

2, CompletelhDilling
 
(500 1--) 150 m 721.60 1c,24o.00
 

(2 hrg) 5 m 100.00 500,00
 
4- Eletrio Loggilg azA
 

Intorrtation LuMp Sui1 

5. casing (356 a) 118.5 ! 820,00 97,170,00 

6. 	Bacterio! .qoal Tt 4 0 100000 400,00 thysical and 
Chesioal 

7# Screen nsta-&aten Lzuvp Su= 3,;000,00 3,000,00 	 30 m; 354 M 

8. Sump Irta-1at!on LmTP Sum 100,00 100,00 2 m; 324 = 

9. Grava1 Peekin6 52 m 180.00 9,360.00 

10. Swabbing &andBailing 48 br 60*00 2,880,00 

11. Air Comy a-nd Ptuvpinrg 48 hr 100.00 4,800.00 

12. Test , I mping 	 48 hr 100.00 4,800,00 1,025 gM 

13. Cement CrmitinE. 97.25 m 65.60 6,379.60 

14. 	 Disinfection and 
Site C2eavz Up Liunp Sum 2,500*00 2,500.00 

TOTAL. BID PRICE 	 242630.00 

* A5 OF APRIL 1976 

0DM @ 35 cm casing at 150 m 
depth P490,000.00 
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APPNDIX TABLE ($-18 

BACOLOD CMi9 
MIE1 CONSTRUCTION 

Work Item 	 unit Vt6iAt Price Total Rewks 

1, 	 1oii~o 4 500400/;ieilve 1e 	 4,500a00 

a 6A;oo MM !26-61 15.24 r 943 eSon 14,383.51 Hole to 15.24 m 
-b 5.8 =. 60,.98 726.00/pn 44,271.48 from 15.24 to 76.2., ^ 
) .457 m (. ") 60,98 i 653.40/ 39,844.33 from 76.22 to 137.2 

10 h-.D 130.00/hr 100.00 
4- Ir-rllng J, Joinine,

Casing 	 =nd 'ioroan 

a) 50 (... 15,24 m 40-O0/ 609.60 Conduotion pipe 15. 
b 406 (.16") 60,98 M 32,00/ 1,951.36 Upper blank 60.9 
) 254 m 10") 6o.98 m 20.0/,M 1,219.60 Lo,,r blank 60.9 

254 mm .lO") 15,24 m 40.0/ M 609.60 Soreen 15.24 m 
Settling and 
Joining up"er 
to lower oasir I well 500,00/ell 500.00 

5. InU"I'llin.- Cant'ring 
evione 	 5 sets 400.00/Bet 2,o00.oo0 every 164 m 

a6, Orav31 1-.okID& Labor 15 m 135.00/ca 2,025.00 

7. Groutim-m 	 100 begW 75o/baas 750.00 

8. Doveiopi Nell 48 hr 150,00/hr 7,200.00 for 48 hr 

9, Tesi:t P =PiA' 72 hr 160o00/hr 119520.00 

10. 	 Well Compleation InolulLne 
e,Pelbqtal I well 2,969.00/well 2,969.00 and other appurte

11, Demobllivztioa ! well 4,00000/el1 4,000n00 

12. Supp2:jinE iCwiA 

a) 15.,4 m of 508 an
 
(20") 15.24 m 601.92/m 9,173.26
 

b) 60,98 m of 406.4w
 
(16") 60,98 m 481-55/m 29,364.92
 

c) 60.93 m of 254 m= 
(i0") 60.98 Ln 323.53/m 19,729.86 

d) 406.4 mm z 2954 m 
(16 in x !0 in) 1po 600.00/po 600.00 Adapter 

13. Gravel f±or Pakiug 15 cw MOW1=0.!ow 1,500,00
 

14, Ceent for Grouting 100 bags 15,00/bag 1t500.00
 

TOTAL DID PRICE 	 P201,520.52
 

* OF .EMER 1.975 

CDM @25 cm casing at 1.37 M 
depth Y240,6o0.00 

G-38 

http:Y240,6o0.00
http:P201,520.52
http:1t500.00
http:19,729.86
http:29,364.92
http:9,173.26
http:2,969.00
http:119520.00
http:7,200.00
http:2,025.00
http:1,219.60
http:1,951.36
http:39,844.33
http:44,271.48
http:14,383.51


APPENDIX H
 

NEDA/POPCOM POPULATION PROJECTIONS
 



TABLE OF CONTENTS
 

APPENDIX H
 

NEDA/FOPCOM POPULATION PROJECTIONS
 

Pape 

A. 	 BackL.rou.nd H-I 

B. 	Population Projection for the Entire
 
Fnlhlippner, (1970-2000) 

I. ethl.oooey 	 H-1
 
2. 	Data Sources H-I
 
3. 	 Proceduires H-1 

C. 	 PopulatioL Projection for Provinces 
(1970-'o00) 

1. 	 Methodologr H-3 
2. 	 Asuumptions -3 
3. 	 Procedure H-3 

D. 	City/Municipality Population
 
Projection (1970-2000)
 

!. 	Metholoy6 1-4
 
2. 	Data Used 11-4
 

Procedure 11-4
 

http:BackL.rou.nd


APPENDIX H 

NEDA/POPCOM POPULATION PROJECTIONS 

A. BACKGROUND 

The population projections presented herein were taken from a
 
research program conducted in 1973 by the National Census and Sta
tistics Office with funding assistance from the United Nations Fund
 
for 	Population Aotivities(UNFPA). The projections, approved by

the 	National Economic and Development Authority (NEDA), constituted 
an attempt to outline a consistent set of population estimates which 
would serve as a uniform basis for Philippine national, seotoral and 
regional plans.
 

Appendix H was therefore taken from context from a 3-volume
 
document printed in 1975 by NEDA. The population projections

mentioned above formed 
an integral part of the following dooumentsi
 
Volume I Conference Highlights and Planning Guidelines; Volume III
 
Population Projections for the Philippines by Prorince 1970-2000; 
and 	Volume III Population Projections of Cities and Municipalities 
in the Philippines, 1970-2000. 

B. POPULATION PROJECTION FOR THE 

ENTIRE PHILIPPINES (1970-2000) 

Nethodolo&X 

The national population to year 2000 was projected using the 
component or the cohort-survival method of projection. Age and 
sex of the population age-speoific fertility and mortality rates, 
age and sex distribution of migrants, and sex ratio at birth were the 
basic components used for this method of projection. 

Data Sources 

The 	basic data came primarily from the 1970 census final 
provincial counts; vital statistics particularly from the legal
civil registration for 1960-70; and 1973 National Demographic 
Survey. 

Procedures
 

1. 	 The population data of 6 Mv"1970 were classified into 
5-year age groups, such as 0-4, 5-9, etc., and by sex. 

H-l
 



2. Data in the 0-4 and 5-9 groups were adjusted due to errors
 
and bias in the reporting of ages, selective underenumera
tion, coding and punching errors.
 

3. 	 The adjusted population by groups was projected to 1 July

1970 using the rate of population increase from 1960-1970,
 
assuming that changes in the age distribution during the 
intervening period were negligible. (For males, multiply 
adjusted population as of 6 May 1970 by 1.004356 getto 

1 July 1970 population. For females, use 1.00477.)
 

4. 	 Life expectancy at birth for the period 1965-2000 was 
projected -nd life table values for the Philippines were 
estimated. 

5. 	Future patterns of fertility rates were estimated, using
 
birth rates reported in 1960-70.
 

a) 	 Low Assumption. Fertility will decline from the 
level established in 1965-1970 beginning in 1970, 
with &n accelerated decline during 1975-1995. 
(6.31 in 1965-80 to 2.62 in 1995-2000) 

b) 	 High Assumption. Fertility rates for the period 
1970-75 will be the average of age-speoifio fertility
rates* estimated in 1965-70 and those estimated for 
the period 1970-75 using low assumption. (5.83 for 
1970-2000)
 

a) 	 Medium Assumption. Fertility will decline at a
 
slower rate. The age-specific fertility rates in 
each 5-year period after 1970 are the arithmetic 
means of the estimated rates according to the high
and low assumption. (6.31 in 1965-70, to 5.59 in 
1970-75 to 4.22 in 1995-2000) 

d) 	 Using the base population, sex ratio (106 males to 
100 females), the calculated and assumed life table 
survival ratios, the age speoifio fertility rates t
the population was projected up to the year 2000 by 

*Age-Specific Fertility Rate a Annual Birth to Average Women 

in a 5-Year Age Group
No. of Average Women x 1,00 
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5-year intervals. The populations by age and sex for 
single calendar years for the period 1970-1980 were 
obtained by interpolation. 

C. 	 POPULATION PROJECTION FOR PROVINCES (1970-2000) 

Methodology 

The method used to project the population by age and sex for 
each of the 66 provinces and the city of Manila was the same as 
that used for the Philippines as a whole, except that additional 
assumptions on fertility and internal migration were introduced. 

Assumptions
 

1. Probability of survival for each province is similar to 
the Philippine average for the duration of the projection.
 

2. 	 Different sets of fertility rates were used for different 
planning regions. 

3. 	 The rates of net migration by age and sex for each province 
for the period 1970-80 will be the same as that observed 
during the 1960-70 period; for the period 1980-90 and 1990-2000 
the rates will be one-half and one-fourth respectively of 
those observed for the period 1960-70. 

4. 	 During the 1970-80 period, the maximum outflow of people 
for any age group for a particular province will be 
80 percent. 

Procedure 

1. 	 The population by age and sex for each province was first 
projected to 1980, 1990 and 2000." 

2. 	 The figures for single calendar years were obtained by 
interpolation using the formula Pt - Pcert 

Pt = population at time t
 

Po = population at the base period 

r -	 rate of population growth 

t w time interval between time 0 and T
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D. CITr/XUNICIPALT POPULATION PROJECTION (1970-2000) 

MethodoloSy 

Method used was the ratio method of projeotion which assumes 
that the ratio of the population in each city or municipality to 
the total population of the province will 
specified pattern at the same rate 
nor adjustments where necessary. 

as it 
change according 

did in the past, 
to a 

with mi-

Data Used 

The data included the total population of the cities/munici
palities for the censal years 1939, 1948, 1960 and 1970; population
projections for the provinces from 1970-2000; and past trend in the 
ratio of these smaller areas to that of the provinon. 

Procedure 

1. The ratio of population of each city/municipality to the 
total provincial population was computed for 1939, 1948,
 
1960 and 1970. On the basis of past trends, the city/ 
municipality ratios were grouped into 4 types: 

Type I - consistent direction of change from
 
1939-70.
 

Type II - same direction of change for 1960-70 
and 1948-60 but different for 1939-48. 

Type III - direction of change in ratios is the
 
same for 1939-48 and 1948-60 but 
different for 1960-70. 

Type IV - direction of change in ratios is 
different for 1948-60 from 1939-48 
and from 1960-70. 

2. The initial geometric rates of change of the ratios (r) 
were estimated based on the following assumptions:
 

Type I - Change of r was the same as the average
annual rate of change in the ratios for 
1938-48, 1948-60, or 1960-70 whichever 
was closest to zero. 



Type II - Change of r was the same as the average
annual rate of change for 1948-60 or 
1960-70, whichever was the less. 

Type III - Change of r was J of the average annual 
rate of change for 1960-70. 

Type IV - Same ratio as in the 1970 ratio. 

3, Ratios were projected up to year 2000 assuming that the 
initial rate of change will become zero in 70 years. 

Ratio - Ratio I + r- -- ) + r . ... (1 + r
k year 1970 70 70 

4. 	The calculated ratios for the city/municipality were then 
prorated to sum up to I for each province. 

5. 	 The ratios wero then applied to the projected total popula. 
tion of the province to obtain the city/municipality 
projections, 

Appendix Tables H-I to H-Il show the population projections for
 
11 oities/municipalities, based on NEDA/opcoam projections.
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APPENDIX TABLE H-I 

NEDA/OPCOM PROJECTIONS
 
BANGUED, ABRA
 

(1970) 1975 198 1985 1 2000 

24,587 

High Assumption : 27,732 31,399 35,977 41,095 46,816 53,162 

Growth Rate 

Ratio • 1.1279 1.1322 1.1458 1.1423 1.1392 1.1356 

% 2.436 2.514 2.759 2.697 2.641 2.576 

Medium Assumption: 27,582 30,725 34,388 38,151 52,056 46,105 

Growth Rate 

Ratio : 1.1218 1.1140 1.1192 1.1094 1.1023 1.0963 

: 2.325 2.183 2.278 2.098 1.967 1.856 

Low Assumption • 27,435 30,052 32,806 35,210 37,328 39,211 

Growth Rate 

Ratio : 1.1158 1.0954 1.0916 1.0733 1.0602 1.0504 

: 2.216 1.839 1.768 1.425 1.176 .988 
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APPENDIX TABLE H-2
 

NEDA/POPCOM PROJECTIONS
 
URDANETA, PANGASINAN
 

(1L7) IM 1980 1 9 0 2 2000 

58,690 

High Assumption : 66,831 75,709 87,586 100,504 116 369 133,700 

Growth Rate 

Ratio : 1.1387 1.1328 1.1569 1.1475 1.1579 1.1489 

% : 2.632 2.525 2.958 2.790 2.976 2.815 

Medium Assumption: 66,422 73,960 83,511 93,058 104,235 115,614 

Growth Rate 

Ratio : 1.1317 1.1135 1.1291 1.1143 1.1201 1.109 

% : 2.505 2.173 2.458 2.188 2.294 2.09 

Low Assumption : 66,015 72,211 79,443 85,620 92,203 97,985 

Growth Rate 

Ratio : 1.1248 1.0939 1.1002 1.0778 1.0769 1.062 

% t 2.380 1.811 1.928 1.509 1.493 1.229 
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APPENDIX TABLE H-3
 

NEDA/POPCOM PROJECTIONS
 
GAPAN, NUEVA ECIJA 

(122) IM 1980 1289 1M 2000 

45,426 

High Assumption : 53,172 62,291 73,448 86,229 100,481 116,555 

Growth Rate 

Ratio : 1.1705 1.175 1.1791 1.1740 1.1652 1.1599 

% : 3.199 3.216 3.35 3.26 3.10 3.01 

Kedium Assumption: 52,843 60,925 70,091 79,876 90,015 1OO,788 

Growth Rate 

Ratio : 1.1632 1.1529 1.1504 1.1396 1.1269 1.1197 

% : 3.07 2.88 2.84 2.65 2.42 2.29 

Low Assumption : 52,516 59,559 66,746 73,528 79,628 85,388 

Growth Rate 

Ratio : 1.1561 1.1341 1.12067 1.1016 1.083 1.0723 

% : 2.94 2.55 2.30 1.95 1.61 1.41 
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2000 

APPENDIX TABLE H-4
 

NEDA/OPCOM PROJECTIONS
 

(1970) 


82,714 

High Asumption s 

Growth Rate 

Ratio : 

% : 

Jhdidm Assumption: 


Growth Rate
 

Ratio : 


% 

Low Assumption: 


Growth Rate
 

Ratio : 


% 


99,196 


1.1993 

3.702 


98,649 


1.1927 


3.587 


98,112 


1.1862 


3.474 


CALAMBA, 

180 


119,590 


1.2056 

3.810 


117,110 


1.1871 


3.490 


114,630 


1.1684 


3.162 


LAGUNA 

2a 

142,995 


1.1957 

3.640 


136,756 


1.1678 


3.151 


130,558 


1.1390 


2.637 


190 


170,759 


1.1942 

3.613 


158,598 


1.1597 


3.008 


146,446 


1.1217 


2.323 


198,927 231,355
 

1.1650 1.1630 

3.102 3.066
 

178,916 201,138
 

1.1281 1.1242
 

2.440 2.369
 

159,058 171,596
 

1.0861 1.0790 

1.666 1.532
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APPENDIX TABLE H-5 

NEDA/POPCOM PROJECTIONS 
SILAY, NEGROS OCCIDENTAL 

(1970) 1980 1985 1220 2000 

69,200 

High Assumption: 72,257 75,733 84,058 92,783 105,210 118,695 

Growth Rate 

Ratio: 1.0442 1.0481 1.1099 1.1038 1.1339 1.1282 

%1 0.869 0.944 2.107 1.995 2.545 2.442 

Medium Assumption: 71,733 73755 79,774 85,378 93,539 101,737 

Growth Rate 

Ratio: 1.0366 1.0282 1.0816 1.0702 1.0956 1,0876 

%: 0.722 0.558 1.581 1.366. 1.843 1.694 

Low Assumption: 71,206 71,777 75,479 77,980 81,942 85,210 

Growth Rate 

Ratio: 1.0290 1.0080 1.0516 1.0331 1.0508 1.0399 

%: 0.573 0.159 1.011 0.653 0.996 0.786 
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APPENDIX TABLE B-6 

NEDA4/PPCOM PROJECTIONS
 
BISLIG, SURIGAO DEL SUR
 

017) 

40,405 

High Assumption: 


Growth Rate
 

Ratios 


%: 


Medium Assumption: 


Growth Rate
 

Ratio: 


%: 


Low Assumption: 


Growth Rate 

Ratio: 


%: 


M 

48,637 


1.2037 


3.778 


48,346 


1.1941 


3.612 


47,850 


1.1843 


3.441 


180 

58,481 


1.2024 


3.755 


56,878 


1.1789 


3.347 


55,276 


1.1552 


2.928 
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198 

70,675 


1.2085 


3.860 


66,828 


1.1749 


3.276 


62,961 


1.1390 


2.637 


84,787 


1.1997 


3.709 


77,516 


1.1599 


3.011 


70,263 


1.1160 


2.219 


I2 2000 

102,149 122,232 

1.2048 1.1966 

3.797 3.655 

89,865 103,217 

1.1593 1.1486 

3.0 2.810 

77,736 84,879 

1.1064 1.0919 

2.043 1o774 



APPENDIX TABLE H-7 

NEDA/FOPCOM PROJECTIONS
 
ROXAS CITr
 

(1970) 1980 1_o200 

67,648 

High Assumption t 78,208 89,621 105,988 123,752 146,400 172,416 

Growth Rate 

Ratio . 1.1561 1.1459 1.1826 1.1676 1.1830 1.1777 

: 2.944 2.761 3.411 3.148 3.418 3.325 

Medium Assumption: 77,671 87,472 100,834 114,194 130,556 148,288 

Growth Rate 

Ratio : 1.1482 1.1262 1.1528 1.1325 1.1433 1.1358 

% 2.802 2.405 2.885 2.520 2.715 2.579 

Low Assumption : 77,133 85,324 95,678 104,647 114,818 124,731 

Growth Rate 

Ratio 1 1.1402 1.1062 1.1213 1.0937 1.0972 1.0863 

: 2.659 2.039 2.316 1.807 1.873 1.669 
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APPEDIX TABLE -8
 

NEDA/POPCOM PROJECTIONS
 
OLONGAPO, ZAMBALES 

(1970) 1975 1980 198 _ 2000 

107,785 

High Assumption 5 135,251 170,071 208,892 255,614 303,860 359,977 

Growth Rate 

Ratio • 1.2548 1.2574 1.2283 1.2237 1.1887 1.1847 

% 4.644 4.687 4.20 4.120 3.518 3.448 

Medium Assumptiont 134,453 166,313 199,283 236,521 271,870 310,809 

Growth Rate 

Ratio t 1.2474 1.237 1.1982 1.1869 1.1494 1.1432 

% 4.520 4.346 3.683 3.486 2.824 2.713 

Low Assumption : 133,665 162,555 189,701 217,446 240,082 .262,768 

Growth Rate 

Ratio : 1.2401 1.2161 1.1670 1.1463 1.1041 1.0945 

% 4.398 3.991 3.137 2.768 2.0 1.822 



APPENDIX TABLE H-9 

NLDA/POPCOM PROJECTIONS 
SAN FERNANDO, PAMPANGA 

(127) 1M 198 5 1990 2ooo 

84,362 

High Assumption : 100,372 119,653 142,396 168,795 196,916 228,596 

Growth Rate 

Ratio 1.190 1.1920 1.1901 1.1854 1.1666 1.1609 

% 3.54 3.575 3.542 3.46 3.13 3.029 

Medium Assumption : 99,750 117,028 135,831 156,199 176,185 197,396 

Growth Rate 

Ratio : 1.1824 1.1732 1.1607 1.150 1.1280 1.1204 

% 3.408 3.246 3.025 2.835 ).438 2.30 

Low Asmption 99,134 114,402 129,284 143,614 155,594 166,909 

Groxwh Rate 

Ratio : 1.1751 1.1540 1.130 1.1108 1.0834 1.0727 

% , 3.280 2.91 2.474 2.124 1.61.5 1.413 
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APPENDIX TABLE H-1O
 

NEDA/POPCOM PROJECTIONS 
ILOILO CITY 

(1970) 1980 1985 2000 

209,738 

High Assumption : 249,508 291,981 347,562 409,056 485,636 570,388 

Growth Rate 

Ratio : 1.1896 1.1702 1.1904 1.1769 1.1872 1.1745 

% 3.533 3.193 3.547 3.31 3.492 3.269 

Medium Assumption • 247,956 235,024 331,049 378,220 434,086 491,779 

Growth Rate 

Ratio : 1.1822 1.1495 1.1615 1.1425 1.1477 1.133 

% 3.405 2.826 3.04 2.70 2.794 2.529 

Low Assumption : 246,394 278,015 314,547 347,365 382,885 415,043 

Growth Rate 

Ratio , 1.1748 1.1283 1.1314 1.1043 1.1023 1.084 

% , 3.274 2.444 2.500 2.005 1.967 1.626 
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2000 

APPENDIX TABLE H1-11 

NEDA/POPCOM PROJECTIONS
 
BAYBAYj LEYTE
 

(1970) 

63,782
 

High Assumption : 


Growth Rate 

Ratio : 

% : 

Medium Assumption : 


Growth Rate
 

Ratio S 


% : 

Low Assumption : 


Growth Rate
 

Ratio : 


% : 

I 


67,289 


1.0550 


1.077 


66,789 


1 o471 


0.925 


66,284 


1.0392 


0.772 


1980 

71,070 


1.0562 


1.10 


69,241 


1.0367 


0.723 


67,392 


1.0167 


0.332 


1 

78,713 


1.1075 


2.063 


74,751 


1.0796 


1.544 


70,778 


0.0502 


0.984 


199 


86,690 


1.1013 


1.949 


79,929 


1.0693 


1.349 


73,181 


0.0340 


0.671 


98,436 111,172
 

1.13549 1.1294
 

2.574 2.464 

87,653 95,431
 

1.0966 1.0887
 

1.861 1.714 

77,003 80,206
 

1.0522 1.0416 

1.O23 O.818 

B-16
 



APPINDIX TABLE H-12 

COTABATO CITY 

(1970) J1 9828 15. 20 

61,184 

High Assumption : 78,919 100,703 126,954 158,378 195,306 238,749 

Growth Rate 

Ratio : 1.29 1.28 1.26 1.25 1.23 1.22 

% 5.07 5.00 4.74 4.52 4.28 4.1 

Medium Assumption : 78,297 98,036 120,097 144,795 171,750 201,497 

Growth Rate 

Ratio : l28 1.25 1.22 1,21 1.19 1.17 

% 4.90 4.60 4.14 3.81 3.47 3.25 

Low Assumption a 77,667 95,369 113,209 131,254 148,526 165,649 

Growth Rate 

Ratio a 1.27 1,23 1.19 1,!6 1.13 1.12 

% 4.74 4.19 3,49 3.00 2.50 2.21 
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APPENDIX I
 

SPECIFICATIONS* FOR WATER TEST WELL 0ONSTRUCTION
 

A. 	GENERAL
 

Enneer
 

Camp Dresser & McKee International Inc. is herein referred
 
to as the Engineer.
 

Scope-of Work
 

a) 	All materials, lab'r, equipment, fuel, tools, trans
portation and services for the complete construction,
 
development and testing of several test water wells
 
shall be furnished by the Contractor.
 

b) 	The test wells shall be drilled by the cable tool
 
(percussion) method with blank and perforated casings
 
driven to follow the penetration of the bore hole
 
or by the rotary method as directed by the Engineer.
The exact depths and lengths will be determined IV 
the Engineer from the log records of the bores. 
Payment for construction of the wells will be based
 
on the unit prices bid for each item and no further
 
payment will be made except for extra work under
 
written authorization of the Engineer.
 

o) 	For test wells to be drilled by the rotary method,
 
the work shall consist of the following:
 

1) 	Drilling of a pilot hole to a depth as
 

specified by the Eng':*.''.r
 

2) 	Electric logging of .-.-.
lot 	hole.
 

3) 	Reaming hole to diameter and depth as specified
 
by the Engineer.
 

4) 	 Supply and installation of casing and slotted 
casing as specified by the Engineer. 

*These are simplified specifications. It is assumed that the
 
Engineer will use 
uoh disoretion (on the basis of experience) during

the actual drilling and well testing.
 



5) Gravel packing aiumulus between casing and hole. 

6) Installing cement grout sanitary seal and gravel 
fill pipe. 

7) Developing the well. 

d) Pump testing the well. 

d) For test wells to be drilled by the cable tool (percussion)
method, the work shall consist of the following: 

1) Drilling bore holes to depth as directed by the 
Engineer, and casing of same with blank and per
forated casing of diameter as prescribed by the 
Engineer. 

2) Development of each well. 

3) Pump testing of each well. 

e) All materials, supplies, equipment and labor, except
those services expressly stipulated to be furnished 
by the Engineer, shall be supplied by the Contractor. 
The Contractor shall leave the premises in a neat 
and c: .ery condition. 

f) The test wells shall be located at various places in 
the Philippines. Exact locations ares (specify) 

Permits. Certificates. Laws and Ordinances 

The Contractor shall, at his own expense, procure all pe. its, 
certificates and license recpired by law for the execution of this 
work. He shall comply with all national or local laws, ordinances, 
decrees or rules and regulations relating to the performance of
 
the work.
 

Local Conditions
 

The Contractor shall satisfy himself regarding all local 
conditions affecting his work by personal investigation and neither 
the information contained in this section nor those derived from 
mape or plans, or from the Engineer or his agents or employees
shall act to relieve the Contractor from any responsibility here
under or from fulfilling any and all of the terms and requirements 
of his Contract. 
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Ertra Work or Reduced Work
 

The Engineer reserves the right to order additional work or
 

to reduce the scope of the work if deemed necessary. Additional
 

work will be paid for at the unit costs quoted in the proposal
 

unless such unit costs are not directly applicable, in which case
 

the costs will be negotiated. If the scope of the work is reduced
 

only work actually performed will be paid for.
 

]rillin Water Supply and Motive Power Requirements
 

All drilling water, lighting and motive power, including
 
necessary connections and installations, required for the proper
 
execuition of this Contract shall be to the account of the Contractor.
 

Boundaries of Work
 

The Engineer will provide land or right-of-way for the work
 
specified in this Contract and make suitable provisions for the
 
ingress and egress. Other Contractors and employees or agents of 
the Engineer may for all necessary purposes enter upon the work
 
and premises used by the Contractor, and the Contractor shall 
conduct his work so as not to impede unnecessarily any work being 
done by others on or adjacent to the site.
 

Protection of Site and Security of Drilling Equipment 

Excepting as otherwise provided hereing the Contractor shall
 
protect all structures, walks, pipelines, trees, shrubbery, lawns, 
etc., during the progress of his work, shall remove from the site
 
all cuttings, drillings, debris, and unused materials; and shall,
 
upon the completion of the work restore the site as nearly as
 
possible to its original condition, including the replacements,
 
at the Contractor's sole expense, of any facility or landscaping
 
which has been damaged beyond restoration of its original condition.
 
Water pumped from the well shall be conducted to a place where it 
will be possible to dispose the water without damage to property
 
or creation of a nuisance.
 

The Contractor shall be responsible for the security of his
 
own toCl and equipment at the jobsite. 

Cometeat Workmen 

The Contractor shall employ only competent workmen for the 
execution of his work and all such work shall be performed under 
the direct supervision of an experienced Well Driller satisfactory 
to the Engineer.
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Comletion of the Work 

The Contractor shall begin work 20 calendar days after the
 
contract agreement is signed. The contract 
 shall be completed

within 180 calendar days after initiation date.
 

B. 	 MATERIALS 

Well Casing 

Casing, perforat d casing and drive shoes shall be furnished by
the 	Contractor and of diameter as required by the Ehgineer. Per
forated casing shall be saw-slotted in a pattern approved by the
 
Engineer. The lengths and positions of casing and perforated

casing to be installed in each borehole shall be determined or
 
approved by the Engineer. All casing shall be suitable for the
 
intended work and is subject to the approval of the Engineer.
 

Cement
 

The Contractor shall provide all cement used for the bottom
 
casing plug (percussion method) and sanitary seal (rotary method);

and other miscellaneous requirements for the construction of
 
water test wells.
 

C. 	 CONSTRUCTION OP WATER TEST WELLS 

EAuinment
 

The work shall be performed with equipment which is adequate
 
to complete all phases of well construction. If the Contractor's
 
equipment is not capable of performing satisfactory work described
 
in these specifications, the Contractor 
shall substitute at his 
own expense such equipment which is satisfactory to the Engineer. 

Records 

a) 	The Contractor shall keep an accurate record of the 
location of the top and bottom of each stratum penetrated 

saveand shall and deliver to the Engineer a representa
tive sample of one kilogram weight of materials taken 
from each 3-meter drilling and at every change of forma
tion. All samples collected shall be dried, securely 
packaged, labelled to indicate depth and date, and stored 
in a location safe from disturbance and weather. 

1-4
 



b) The Contractor shall submit a daily report describing
 
the nature of material encountered, the work done during 
each day, including the items of work accomplished, such 
as depth drilled, casing set, etc., the water level in 
the well at the beginning and end of each shift and such 
other pertinent data as he is requested to make a record
 
of.
 

c) 	 A record shall be maintained daily indicating amounts of 
materials utilized, hours and equipment operations and 
any 	delays incurred in drilling activities.
 

d) 	 Liquidated Damages: Failure on the part of the Contractor 
to obtain, preserve and deliver such samples or records 
to the Engineer shall be considered an actual damage to
 
the Engineer and shall authorize the Engineer to retain
 
from moneys due or to become due to the Contractor the
 
sum of fifty pesos (P50.00) as liquidated damages for
 
each sample that the Contractor shall fail to obtain,
 
preserve and deliver, or for each length of pipe not pro
perly measured and recoried in the order in which it was 
placed in the well. In the event that, in the opinion
 
of the Engineer, the failure of the Contractor to take 
and preserve the samples may affect the proper design 
of the screen, the Contractor may be required to perform 
such work as the Egineer deems necessary to remedy such 
failure. 

e) 	 Liquidated Damages for Delay: The Contractor shall pay 
to the Engineer as fixed, agreed and liquidated damages for 
eacjh calendar day delay in the completion of all the 
work beyond the time agreed upon the amount of one hundred 
pesos (PIO0.00) per day.
 

Rotary Method 

a) Pilot Hole and Electric Logging 

i) 	A pilot hole from 8 to 12 inches in diameter shall be
 
drilled to a depth specified by the Engineer. 

2) 	Stratigraphic samples shall be collected as specified
in Section C-2a (Records-a, page 1-4). 

3) 	 Self-potential and resistivity electric logs shall 
be run throughout the length of the pilot hole. The 
equipment and techniques used shall be such that 
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satisfactory logs suitable for selection of water
bearing strata are obtained. Prior to the commence
ment of the work, the electric logger rhall be 
made available by the Contractor for int, 'ection by 
the Engineer. 

b) 	Final Diameter Bore Hole and Test Well Casing
 

1) Utilizing the stratigraphic samples and electric
 
logs, the Contractor shall recommend the final
 
cased depth and the intervals to be provided with
 
perforated casing; however the Engineer shall make
 
the 	final decision as to casing depth and pattern. 

2) 	 The pilot hole will be reamed to an en]':ged dia
meter and to a depth sufficient to contain the total 
length of casing specified by the Engineer. During 
reaming, mud weight shall be maintained at the mini
mum necessary to support the borehole. The work
 
shall proceed expeditiously and the borehole shall
 
not be permitted to stand filled with drilling fluid
 
for 	any longer than necessary.
 

3) The casing shall be placed plumb and centered in 
the borehole. Plumbness will be maintained to the 
degree necessary to accommodate the placement and 
operation of a vertical turbine test pump to a 
depth of at least 30 meters below the surface. In 
the event that the test pump cannot be operated as 
indicated, because of improper casing alignment, 
the 	well shall be repaired by the Contractor at no
 
cost to the Engineer. 

4) If, for any reason, the casing cannot be landed in 
the correct position or at a depth acceptable to 
the Engineer, the Contractor shall construct another 
well immediately adjacent to the original location 
and 	complete this well in accordance with specifioa
tions at no additional cost to the Engineer. The 
abandoned hole shall be sealed in accordance with 
directions from the Engineer. 

5) 	 The actual amount and location of perforated casing 
to be placed in each test well shall be determined 
by the Engineer. 
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6) 	Perforated casing shall be positioned in the center
 
of the bore hole by centralizers-fabricated by the
 
Contractor to a pattern approved by the Engineer.
 
The centralizers shall be spaced every 6 meters of 
perforated casing or as specified by the Engineer. 

7) 	The bottom of the casing shall be closed by a welded
 
steel plate. 

8) 	In the event that the Contractor shall fail to 
sink the test well to the depth specified or 
to such lesser depth as ordered by the Engineer, 
or should he abandon the well because of loss of 
tools or for any other cause, if requested and as 
directed by the Engineer, he shall fill the aban.
doned hole with clay or clay and concrete and 
remove the casing. 

o) 	 Gravel Packing 

i) 	Gravel pack material shall consist of clean well
rounded grains of material that is mainly siliceous 
with no more than 5 percent that is calcareous. 

2) 	 The gravel pack material shall be of a grain size 
that is suited to both the formation grain size and 
the size of the slot openings. The gravel pack 
material shall have a uniformity coefficient at
 
2.5 	or less. The gravel pack material shall be 
subject to the approval of the Engineer.
 

3) 	 The method of placing gravel in the annulus between 
the casing and the bore shall be such as to avoid 
segregation of sizes of the gravel. The method of 
placement shall be subject to the approval of the 
Engineer. 

4) Gravel shall be placed so as to fill the annulus 
without voids other than the normal intergranular 
spaces. The gravel fill shall extend from the
 
bottom of the hole to a level of 15 meters below
 
the ground surface.
 

1) 	 Sanitary Seal and Gravel Fill Pipe 

1 ) The annulus between the casing and the bore hole 
shall be filled with cement grout from the top of
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the 	gravel pack 15 meters below the ground surface.
 
Before placing the cement grout a 60-cm thick layer

of puddled clay or other fine-texture material shall
 
be placed on top of the gravel to minimize grout in
trusion into the gravel.
 

2) 	Grout shall be proportioned of 22 to 26 liters of
 
water to each 50-kg bag of cement. Only enough

water shall be used to reach the proper consistency
 
for placement of the grout slurry. 
 To insure
 
a good seal, the grout shall be allowed to set
 
in an undisturbed well for a minimum of 48 hours.
 
This period may be shortened to 24 hours if a suitable
 
additive to accelerate setting time is used subject
 
to the approval of the Engineer.
 

3) 	 A 75-mm diameter pipe is to be installed in the annulus 
between the casing an( the bore hole before grout is
placed. This gravel-,ill pipe is to extend from 1 meter 
below the top of the gravel pack to 35-cm above ground
surface and is to be fitted with a pipe cap at the top. 

Percussion Method 

a) 	 Placement of Test Well Casing 

I) 	 The casing shall be plumb ui~d centered in the bore 
hole. Plumbness will be maintained to the degree 
necessary to accommodate the placement and operation

of a vertical turbine test pump to a depth of at least
 
30 meters below the surface. In the event that nominal 
diameter pump cannot be operated as indicated, because 
of improper casing alignment, the well shall be repaired
by the Contractor at cost the Engineer.no to 

2) If, for any reason, the casing cannot be landed in the 
correct position or at a depth acceptable to the Engineer,

The Contractor shall construct another well immediately

adjacent to the original location and complete this
 
well in accordance with specifications at no additional 
cost to the Engineer. The abandoned hole shall be 
sealed in accordance with directions from the Engineer. 

3) 	 When the final depth of the well has been reached by
the bottomn drive section, the open bottom of the casing
shall be sealed with a plug consisting of 1/10 cubic 
meter of cement mixed into a slurry weighing 1,860 kg/cum. 
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The cement slurry shall be placed in the bottom of the 
well by the use of a dump bailer. 

4) 	 In the event that the Contractor shall fail to sink 
the test well to the depth specified or to such lesser 
depth as ordered by the Ergineer, or should he abandon 
the well because of loss of tools or for any other 
cause, if requested and as directed by the Engineer, 
he shall fill the abandoned hole with clay or clay
 
concrete and remove the casing. 

b) 	Perforated Casing
 

Perforated casing is to be placed by the Contractor in each
 
test well drilled under the percussion method as directed
 
by the Engineer.
 

Repeat Work
 

a) 	All work required to be repeated, and all additional materials, 
labor' and equipment required sha"l be furnished at the ex
pense of the Contractor. No claim for additional compensation 
shall be made or be allowed therefore, except as specifically 
provided herein. 

D. 	 DEVELOPMENT OF 2ST WELLS 

Time of Development 

a) 	 After each test well has been constructed in accordance with 
these specifications, the Contractor shall notify the Engineer 
and make necessary arrangements for conducting the well develop
ment. Minimum time for development shall be 24 hours of actual 
work, but development shall continue until the produced water 
is free of sediment and th! specific capacity of the well is
 
stabilized or as directed by the Engineer.
 

Ecjuipment 

a) 	The Contractor shall furnish all material, equipment and
 
labor necessary to conduct development operations in accord
ance with these specifications.
 

Development Procedure 

a) The Contractor, after completion of test well construction,
 
shall bail the test well clean of all solid materials to
 
the total depth of the well.
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b) 	After bailing, the Contractor shall commence development

of the well by the use of a surge block and a bailer
 
suitable to the size of perforated casing in the well.
 
After surging and bailing have stabilized the aquifer

material and cleaned the well to the satisfaction of the
 
Engineer, the test well shall be bailed clean to the
 
total depth of the well. 

c) 	The test pump shall be installed into the test well to
 
a depth indicated by the Engineer. The test pump shall
 
then be operated by running and stopping at production
rates and for time period to be determined by the Engineer.
Such development shall continue for a time period to be 
determined by the Engineer. 

d) 	 If the gravel level falls more than 35-cm below the bottom 
of the gravel-fill pipe at anytime during development,
gravel is to be added to fill the bore hole to the bottom
 
of the gravel-fill pipe (applies only to rotary drilled
 
wells).
 

e) Throughout the period of development the quantities of
 
water produuedp static water levels, and pumping water
 
levels shall be recorded by the Contractor.
 

E. WELL TESTING
 

General
 

From information obtained during test well development, the
 
Engineer shall determine a well tast program to be followed. 

Test well production rates, aS determined by the Engineershall be continuous for a minimum of 48 hours or more as specified
by the Engineer. 

a) The Contractor shall provide all necessary devices to
 
measure static water levels, pumping water levels, and
 
quantities of water produced from the test wells.
 

b) 	Pumping equipment and pumps provided by the Contractor
 
shall be capable of producing from 30-60 lps from a depth

of at least 30 meters below the ground surface. Such

equipment shall be capable of operating continuously for 
a period of 72 hours.
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Records
 

Throughout the period of testing and during the period of
 
recovery after testing until the measured water level has returned
 
to original static level, the Contractor shall maintain a record
 
indicating production ratee, time, pumping levels and recovery 
levels in each test well. The Contractor will also assist the 
Engineer in the performance of all data collection procedures which 
may 	be required during the test program. 

Water Disposal
 

Discharge water shall be disposed of at a sufficient distance
 
from the well to avoid undesired recharge effects.
 

F. 	 WELL COMPLETION 

Well Cleaning
 

a) 	At the termination of well testing, the test pump shall 
be removed from each test well and each well shall be 
bailed clean to the total depth of the well. 

b) 	A firmly attached cover plate or pipe cap shall be placed
 
on each test and observation well to seal it.
 

Site Clean-Up 

After completion of all construction and testing activities at
 
each test well site, all equipment and residual materials shall be
 
removed from each site. Each site shall then be restored to a con
dition as nearly as possible to that which existed before testing
activities commenced. This work shall include, but not be limited 
to, restoration of fences and structures, removal of drill cuttings# 
levelling of disturbed ground surfaces and replacement or compensation 
for destroyed landscaping. 

Salvaged material furnish by the Contractor shall remain his
 
property. Payments shall then be based on the accepted test well.
 

G. SUBMISSION
 

At the end of the test well construction, and before final
 
payment is made, the Contractor shall submit to the Engineer at
 
least three (3) certified copies of the following:
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a) 	Onraphical log of well on 8-inch x ll-inch sheet showing, 
among others: 

1) 	Total depth of well;
 

2) 1~;INecrption of strata encountered; 

3) Sizes aod lengths/specifications of casing installed; 
and 

4) Dates of start and completion of construction of 
the test well. 

b) Roccrd of test for yield and drawdown, showing, among 

others: 

1) Well capacity, dates and lengths of test; 

2) 	Drawdown and recovery;
 

3) Method of measuring yield and drawdown; and
 

4) Specifications of test pump.
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WATER TREATMENT ALTERNATIVES 

Disinfection of water supply may be accomplished 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 cystsi However, research indi
cates that iodine treatment in excess of 3 weeks may have detrimental
 
effects upon individuals afflicted with thyroid diseases.
 

Ozone, a blue gas and active form of oxygen, is rated to be a
 
more vigorous oxidizing agent than chlorine. This versatile element
 
not only disinfects but also sterilizes. It also helps in color
 
reduction t iron and manganese oxidation, taste and odor control.
 
Despite its impressive known qualities, ozone is yet to acbieve
 
universal acceptance.
 

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

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

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

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

The economics of disinfection serve as an important, if not
 
sole, basis for the selection of a treatment method suitable to a
 
particular water system. Selection is not necessarily based upon
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the cheapest method available but on its dependability, effective
ness, suitability and reasonableness in cost. From this viewpoint, 
ozone and chlorine merit further consideration.
 

Ozone, as earlier indicated, lacks extensive practical applica
tion but its versatility makes it advantageous over chlorine under 
certain conditions. It can be more effective and economical when 
used for two or more stages of water purification. When taste and 
odor in water are organic, ozone may be as effective as chlorine. 
When disinfection only is required or water supply is clear, however,
 
chlorine will be much more economical.
 

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

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

Since the early 1990's, chlorine has been widely used in water
 
treatment but recently in the United States, it has developed into
 
a critical issue. Studies done by regulatory agencies revealed the 
presence of cancer-producing chlorine compounds in the drinking 
water of seval cities in the eastern part of the United States, 
as a result o3 treating river waters contaminated by certain organic
 
and chemical wastes. The studies indicated that through chlorination,
 
the hazard levels of man-made chemicals and pesticides that pollute
 
the river sources are increased.
 

Howevc:r, the critical aspect of chlorination does not apply 
to the service area at this period of its development. Rivers are 
not generally contaminated by agro-industrial chemicals - a condition 
foreseen to remain for quite some time. 
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DISTRIBUTION SY6?TEM ALT ERNATIs 

Oeneral 

The distribution system, in general, is composed of a network 
of distribution mains, internal distribution networks, storage faci
lities, booster pump stations, booster chlorination stations, and
 
appurtenances such as valves, fire kydrants, meters, and service
 
connections. The distribution mains are the larger pipelines which
 
take the water from the transmission lines to the demaund areas. The
 
internal network system consists of the smaller street mains which
 
distribute the water to consumers along smaller stre.ts 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 Crouw~d elevations. The booster chlorination 
stations are required at the fringe areas of the water district to
 
keep the chlorine residual at the desired concentration. The dis
tribution storage facilities provide supplementary flows during the
 
peak-Admand periods. The transmission lines convey the water to
 
and from the storage facility depending on whether it ii fillinp or 
emptying. 

The valves are placed throughout the distribution system to 
keep small service areas isolated by closing the valves at times 
when maintenance is required. The fire hydrants are conricted to 
the distribution system at regular intervals depending upon the 
type of area served. The service connectionn convey the water from 
the internal distribution system to the consumer. Meters are placed 
on the service connection line to measure the amount of water coy
sumed by the customer. The components of the distribution system 
described above are illustrated in Appendix Figure K-l 

The major alternatives for the components of the distribution 
system can be grouped into 2 categoriest 

(1) Size and Stagir. For most components of the distribution 
system, it is possible either to install the capacity required
for the design year or to stage the construction of the component 
by installing part of the required capacity in an early construc
tion phase and the remaining capacity in a subsequent phase. 
Examples would be a 10O000 cum storage tenk. built in 1980 for 
the design year 2000; or a 69000 cum storage tank built in 1P.O 
and a 4,000 cum Jtorage tank built in 1990. Ins.alling a smaller
size component initially has the advantage of reducii capital 
cost in the initial cotuitruction period. Also, staging provides 
flexibility as more data will be available at a later date and 
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the assessment of' population and economic growth may indicate 
a new location is preferable to that originally plned. In 
any case, studies should be made to determine the economic 
feasibility of staging.
 

(2) Looation. Somt-timf,!s, wore than one location exist for 
the construction of th,, distribution system component. In 
some cases, economic studies will aid in the selection of the 
most desirable site, and in other cases, practical coniidtr
ation and engineering judgemont will. be or'primary importance. 

Each component of the distribution system and itp respe.ctive alter

natives are discusued in subsequent section. 

Distribution Main; 

The alternatives for distribution mains are ]statioi t size,
 
staging and the spacing In the network. To avoid lanz costs and
 
also to place the mains as close to the demand center ,.ic
possible,

the alignments for futu,'e distribution mains should be chosen along
 
existing and planned road and street rights-of-way. Where the 
service area will extend to areaa without planned o" existing road
ways and streets, the location of the distribution mains is deter
mined by topographic features. As mush aqs possible, the distribu
tion mainm 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 th-' demand can be supplied from more than one.
 
direction.
 

The distribution main network system is designed to provide 
a 
minimum pressure of 14 meters during peak-hour conditions. The 
minimum size of distribution mains has been taken as 200 mm. In 
general, this size is large enough to provide adequate pressure 
during peak-hour and fire-flow conditions. In some residential 
areas, alternating 150 mm and 200 mm pipe sizes is adequate. 
Staging of distribution mains is economical at 10-year intervals 
in areas having wide streets and low population densitipe. However,
 
in high-density areas having small streets, it is usually preferable
 
to avoid 2--stage construction. There is limited space for utilities
 
in these areas and considerable disruption occurs when the sitreet is
 
excavated for the new water main. It is better to install the pipe
 
size required for ultimate design in these congested areas so that
 
these problems can be avoided.
 

It is desirable to maintain the maximum spacing for distribution
 
maina at 1,000 meters. This will provide uniform size and spacing
 
for the internal mains as well as better pressure di.3tribution through
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out the system. A wider spacing of the dirtribution mains would 
require larger pipe sizes in the internal distribution network to 
maintain sufficient pressures during fire-flow and peak-hour 
periods. 

It is rot recommended that the minimum distribution main sizes 
be staged. However, larger mains can be staged in some instances. 
A required pipe size of 250 mnm for year 2000 demands car be con
veniently staged with one 200 mm line in Stage I and another 200-imm 
parallel line in Stage I. However, in Stage II an extra cost of
 
15 percent may be included in the construction of the parallel line 
bec'ause of the problem encountered with interties to the Stage I 
line and safeguarding service connections and sometimes transferring 
the connections with the internal network. The economic evaluation
 
of a 2-stage versus 1-stage construction of a 250-(m line is shown 
below: 

EVALUATION OF DISTRIBUTION MAIN STAGING 

-1976 Present Worth 
Pipe Construction Project Annual Capital Annual Salvage Net 

Construction Size Cost-1 Cost Cost Cost Cost Value Cost 
Alternative Period.... (P/m) - _( L JIr Arlm)L(l JrLP.). (/rm) (rn) 

Single-Stage 1980 250 475 648 3 412 14 19 407
 

Total 407 

Two-Stage 1980 200 360 491 2 312 9 14 307 

1990 200 414 565 2 116 2 19 99 

Total 406 

Comparison of the 2 alternatives shows that constructing two 
parallel 200 mm lines in each stage costs almost the same as a
 
single 250-imm line in Stage I. In this case, it would probably be 
better to install a 200 mm line initially because of the lower
 
capital cost and added flexibility. Similar calculations for
 
staging a 300-m line with parallel 250-mam and 200-w. lines indicate 
only slight savings with 2-stage construction. Selection of distribu
tion mains which should be staged must follow an analysis of the peak

11990 construction cost includes 15 percent penalty,
 
1/Discount rate is 12 percent. 
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hour and fire-flow conditions to be sure that the smaller line con
structed in Stage I will be hydraulically adequate until the second
 
line is installed.
 

The timing of the construction of the distribution main systemn

should be such that an attainable level of growth in the distribution
system is maintained. Areas havin, higher densities of potential 
customers should be connected in the early construction periods be
cause the cost per connection will be lower and more revenues will
 
be generated. Also, extension of service to large demand customers

such as industries and commnercial areas would be desirable when a
 
reliable water supply is available. Service to thls type of customer
 
would have a nositive ikmpact on the economy of the study area.
 

Di~t ribut ior T k 

D.st rlbut io s torage tanik provide supplementary supply during

peak-hour demand ppriods, durinj, fire-flow demand 
 periods and during 
emergency source is Theinrio4Lv when supply reduced. recommended 
distribution -itoragie volume iis 15-20 percent of maximtun daily supply
requirements, The storage facility is designed to empty during peak
hour demand periods and to fill overnight durint! minimum demand
 
periods. The storage tanks should be located aB close the demand
to 

center as possible and on -the opposite side of the service area from

the source. BV locating the storage in this 
manner, the peak-hour 
pressures will be higher as the supply can be provided from 2 direc
tions. 

It is recommended that storage facilities be constructed on
grade with an operational level fluotuation of 3 to 7 meters. The 
storage tanks should be of reinforced concrete and covered to pre
vent contamination. Initially, adequate land area should be purchased 
no that the ultimate storage capacity of the site can easily be accoo
dated. The storage facility is designed and constructed in iacremenits 
so that the de,:red capacity is available when needed. It has been

observed that .;; £ging.at 10-year intervals in an economically appro
priate time incremont based on the discount rate used in thi-. study, 

For op ration'aj purpc;!-es the storage overflow ttlevaLion should
be the same aa the el;3vation of the HGL control at the source. 
Loc,-ing- the storage at the sam.e elevation theas source is sound
engineering practice. The range o:' 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 facility is required unlike when the 
storae is at a lower elevation than the source.
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Tank filling will take place during the minimum eman':d periods. 
Amount and duration of minimum demand can be determined by 24-hour
 
consumption r cords, Since these data are not available, it is 
assumed that the minimum demand i:-about 30 percent of the average
demand for a period of 8 hours. Atu ming a tank with 7-meter water 
depth, th- differential head between the source HGL elevation and 
the storage tanks "s a m,.irtn zf 7 mnterD wlien the tank is empty
and 3.5 mete's when the tank i- hlif fu]l. Ncause of this small 
head differential, care must bcwtakn'r in choosing location -Ind size 
of the supply lines. 

Placinr tht: stora,-e HL at ai elevation lower than th,! source 
elevation is not rerommended becaut-ae thi,! w2ll m.ean that are.s at 
the extreme ends of the di~itribution syvtne will have iraufficient 
pressures un~lest; inordinately large diai-ribution mitins ar', provided.
If lcating the distribution storage tank at a lower ,:lvvation than 
the source is considered. a double-actinv- altitude va've z eon
tinuoutw manual control) mut be placed on the ,;upply 1in. to the 
tank. The valve closes when the water eev.-tion in the tank relch.s 
the overflow level atid open:; when the pressuz e drops in th( dirtribu
tion system, periltting, water i'rom Lh.- storage to enter. If' the 
valve is not maintained at all timeuV it could fail to operate
properly ad caUSe lower Oressures in the distribuLion -;ystem than 
required. Because the storage i:,at an elevation le.3s th;n the 
source, it is difficult to obtain the required flow from the oterage 
during peak flow demands as most of the supply wi]l comn. from the 
direction of thhe source, the location of the highevt HCL. 

When suitable ground st':rage sites are not availalle, it is 
possible to utilize elevated storage tanks or standpipes. If 
possible, the overflow elevation should be the same as the OL 
control on the soiu'ce tranamission line, The operational range. 
of elevated storage may be reduced to 5 mters. In the case of 
standpipe storage, the volume lower than the top 7 meters should 
not be considered aus part of the operational volume. Economic 
studies can aid i.n the selection of the best location, The present
worth cost of the storage tank and the transmission line for several 
alternative sites should be evaluated to determine the least-cost 
alternative.
 

In some cases it iu more economical to locat.e a portion of the
 
distribution storage volume at the source HL control., This reduces
 
the pipe diameter required to fill the distribution storagv tank lo
cated at other Athe -. of the systom. However, locating the storage 
.xt the source will mean that more supply must come from the" source 
during peak-hour demand pnriods. Several alternative distribution 
and source stora.r e schemes should be evaluated to determine the beat 
apportionment of the required storage volume. 
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Internal Network System 

The internal networ4: ry-te:,, is the netw.rk of pipe6 within the 
l,OO-meter !,rid. spacing of the dijtribution main network. The

internal network consists usually
of pipe size, of 150 m or smallerdiameter, va ves fire hyVdranti and service connections, The alter
natives in the interna! di;tributitin network defkndent on the
are 
level of water 5ervice provided, A system designed for fire flow
demands may require larger internal distribution pipes than a system

designed only for peak-hour demnndso. 
 The fie-flow requiremients a'e: 

am fLf Pire-Flow D;emand
 

Commercial, Indutril oAd 
 20 ]ps at each of 2 adjacent
High-Value Residential fire hydrants
 

Single-Faznily iesidential 10 Ips eachat of 2 adjacent 
fire ydrantzs
 

The interval network design is controlled by either of 2 conditions:
p'ak-hour detnands with minimum main pressure of 10 meters or fireflow demand coincident with maximum-day 
 demands with a minimum hydrant 
pressure of 7 meters.
 

In order to determine the response (if the internal network to
several flow conditions, a detailed study of 
the internal network 
was made. Comrneroial/reident al areas severalin cities in thePhilippinee were tostudied determine a composite 100-hectare area.A typical IO-hectare area in the core city or fringe of the core
city has 8-12 kn, of roads and streets. Since the internal networkis installed along street rights-of-way, the total length of internalnetwork pipe will also be 8-12 km for a 100-ha3ctare area. An average.
of 8-12 km per ICK-hctare area correeponds to 80-120 meters of pipeper hectaxe served.. The 80 m/ha would be in less densely populated,
high-value residential areas* and the 120 m*/ha would be in densely
populated, mi),ed residential and commercial areas. The 80 meters ofpipe per hectare wa. used in the design study in order to evaluate
the internal network under the most stressing conditions - less pipeper hectare will cause higher flows for the same areal demando Three (3)alternative internal network deafrnr were ot~ndied, The 3 alter
natives are shown in Appendix Figure K-2- atnd lizted below: 

Alternative 1, All internal network pipe is 100 mm in diameter., 
Alternative 2, All internal network pipe is 150 m in diameter. 
Alternative 3. The ratio of 10-im pipe to 150-M pipe is 3:1, 

i.e.v 6,000 meters of 100-mm pipe and 2,000 meters
 
of 150U-hm pipe
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The 3 alternative systems were evaluated by using the computer

to solve for pressures and flows for varying population densities.
 
The 100-hectare area was assumed to have a 
mixed residential and
commercial land use. 
 The domestic flow requirement was assumed to
be 175 ipod, and the commercial and institutional demand was assumed
 
to be 10 percent of the domestic demand. The unaccounted-for-water
 
was assumed to be 25 peroent of the area's total demand. 
The demand
 was applied uniformly over the entire area. 
The alternative networks
 
were analyzed under peak-hour condition (peaking factor of 2.0) and

maximum-day plus fire-flow condition. The minimum pressure in the
 
internal network is listed in Appendix Table K-l.
 

APPENDIX TABLE K-1
 

MINIMUM PRESSURE IN ALTERNATIVE
 
INTERNAL NETWORK SYSTEM
 

Minimum Pressure (m)3/Alternative Population 
 Peak Commercial Residential
System Density Hour 
 Fire Flow Fire Flow
 

1 -All 100/ha 11 7 
 11
 
100--mm Pipe 200/ha 10 6110 

All 300/ha W 44/ 8 

100/ha 11 12
 
150-mm Pipe 200/ha 11 11
 

300/ha 11 11
 
32/- Ratio 100/ha 11 8
 

of 1OG-m to 200/ha 11 8
 
150-rm Pipe is 3:1 300/ha 10 7
 

.!Average pressure in distribution mains is 14 meters.
 

4/Less pressure than the criteria: Peak-hour minimum is 10 meters;

fire-flow minimum is 7 meters.
 

/1Noresidential fire test was analyzed because the minimum pressure

criteria'wore satisfied 
in the commercial fire test.
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The data indicate that Alternative I can meet miniml'm oressure
requirements for all conditions for a population density of" 100 per
heotare. 
Hcnwever, minimujn criteria cannot be maintained for higher

densities. Alternative 2 meets the pressure criteria for all population densities studied. Alternative 3 also satisfies the minimum

criteria for all population densities studied.
 

The only difference between Alternatives I and 3 is the two
150-mm lines which placed inare the middle of the 100-hectare azea,The two 150-um lines add considerable carrying capacity theto in
ternal network as indicatod by the data in Appndix Table K-1.
Alternative 3 cwi meet minimun pressures during commercial fire-flowtest. Even though a 150-mm fire hydrant might be connected 

100-mm pipe, it is posible to sapport 

to a
 
the comrercial fLire-flow because water can be supplied froo at least 2 directions and the larger,supporting 150-cri 
 main or distribution main is 
no more than 250 meters
 

away. 

Other computer ntudies were carried out on Alternatives 1 and 3by increasing the total len.vth of internal network pipe to 120 m/ha.The peak-hour werepressures increased approximately by 2 maters as thepeak-hour flow was spread tnmong mora pipes, 1However, the fire-flow 
pressures increased only slightly ao th3 firoflow was applied to
 
a much smaller area of the system.
 

Tho construction costs for iisalling the internal networkpiping for each altornativ, and several sub-alternatives of the
total internal network pipiing are listed below: 

Length of ipe ofRatio ConstructionAlternative /-
/ha) 100 :ot ha
 

1 - All 80 8o:O 6,400
 
100-mm Pipe 100 
 100:0 8,000 

120 
 120:0 9,600
 
2 - All 
 80 
 00 12,000 

150-Mrm Pipe 100 0:100 15,000 
120 0:120 18,000
 

3 - Mixed 
 80 
 6020 7,800
 
100-150 mm Pi~t 
 100 80:20 9,400
 

120 100:20 11,000
 

v-Costs do . include valve! *r. fire hd'ar. . 



Alternative 3 is 15-22 percent more than Alternative 1 and
35-39 percent less than Alternative 2. 
Though Alternative 1 providessufficient service for residential areas up to 200 people per hectare,Alternative 3 is the recommended internal network system. Alternative 3 can meet minimum pressure requirements for higher density,
levels and during commercial fire-flow conditions. This alternativecan serve an area which is initially residential but gradually becomescommercial without requiring reinforcement. Also, further tests indicate that Alternative 3 can meet minimum pressures up to 400 peopleper hectare when 120 m/ha of internal network pipe is required* 

The minimum recommended pipe size in the internal network is
100 mm. Smaller pipe would reduce peak-hour pressures and wouldseverely limit fire-fighting potential. Though pipes less than100 mm are cheaper, the installation costs are not significantly

less than that for lOO-qqm pipe. Also, the capacity of smaller pipeis considerably less. The installation price per unit of capacity
is shown in Appendix Figure X-3 for pipe sizes ranging from 50 to350 mm. The curve turns upward very sharply for pipes smaller than100 mm. On a capacity basis, the 75-mm pipe costs 80 percent morethan the lOO-mm pipe and is therefore not recommended for internal 
network pipe.
 

Staging of internal network pipes is not usually economicalpractical. orStreets and utilities should be provided in accordance
with development and zoning plans. 
The internal network should bedesigned with the ultimate plan of the area, fixing the required
demands and fire flows. 
Thus, the period for staging to be economical

would have to be 10 years or more. 

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

Fire hydrants will be placed at street intersections to permitquick location and enable fire-fighting in several directions. Inhigh-value areas, hydrants will be spaced a maximum of 150 metersapart with 2 outlets - 1 x 60 mm hose outlet and a 1 x 100 mm pumpoutlet. The hydrant 'ill be connected to a main with a minimum diameter of 1.00 mm. In single-family residential areas, hydrants willbe connected lOO-mmto mains and spaced a maximum of 250 meters apart.The outlet will be connected to a I x 100 mm pump or hose.
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Customer service connections consist of a connection to the 
internal network main and a service line to the customer. The
 
service line will be provided with a "gooseneck" for connection 
to the main and a service meter will be provided for continuous 
measurement of water provided to the customer. A valve should be 
inserted in the service ahead of the meter to enable the water 
district to terminate service when it becomes necessary.
 

Booster Zone 

Portions of the service a;'ea at elevations which are too high 
to be served from the same HOL control 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 concession
aires in the booster zone. A storage tank should be located in the 
booster zone to supply peak-hour demand. The storage tank should 
be located on the opposite side of the booster zone from the booster
 
pump station. The booster zone storage should have an overflow 
elevation not more than 70 meters above the lowest ground elevation
 
in the booster zone. The booster pump station should be designed 
to pump maximum-day supply requirements. 

Booster pump station should have at least 2 pumps to permit 
maintenanob without interrupting service* One (I)of the units
 
should be diesel or gas-powered to permit a minimum level of 
service interruption during power shortages. 
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APPEONDIX L
 

HAND PUMP WELL
 

An alternative to a piped water system in urban areas is hand
 
pump wells (HEW). Under existing conditions in the Philippines,

HFW 	 will probably provide at the pump drinking water not significantly
less safe than a piped water system. Water from the HEW may be con
taminated while carried from the pump to the ofpoint use. Similarly,
safety of the piped water is not guaranteed, if also carried.
 

Benefits from personal and domestic hygiene occur from any water 
system in proportion to the amount used. This amount depends prima
rily upon the convenience with which water is provided. A HEW thein 
yard immediately adjacent -to or in the house, will ordinarily be
 
found reasonably convenient to use.
 

Water from a HPW is ordinarily not used in adequate quantity 
to support a sanitary sewer system and would not otherwise be very
helpful to public or neighborhood cleanliness. HPW is, in this 
respect, inferior to a piped water system. 
This specific advantage

of a piped water system over HEW is less important if there is no
 
sanitary sewer system, or if the urban area in question does not
 
have the funds to provide private water-borne waste system as 
substitute for the public sanitary sewer system. 

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

In summary, water supply from HPW does not have the advantages
of a piped system installed in the house. 
Water from a convenient 
HEW (which means a HPW adjacent to the house) is usually preferable

to water from a piped system located away from the house. A piped 
water supply not available continually during at least the day-time
hours or available only at a distance from the house is generally
inferior to a HPV1 located in the premises. 

Therefore, the HEW mkay 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 HEW
 

Hand pump wells may be classified in 2 categories:
 

I. 	 Water level high enough for suction pump use (within 6 to
8 meters below ground surface);

2. 	 Water level too deep for suction pump use (below 8 meters). 
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The depth of well required to reach a good aquifer at any

particular site is a critical factor which influences costs.
 

High Water Level HIW. A high water level HIW includes the
 
following components:
 

1. A simple pitcher pump, which should be brass-lined and
 
connected to a 32-mm pipe. 
 It may have a piston diameter
 
between 60 to 100 mm (2-1 	 to 4 inches) and a stro1mof 25 to 
125 	mm (3 to 5 inches). Whatever the stroke and piston

diamet3r, replacement cup leathers must be readily avail
able to the people using the pump. A PVC lining is accep
table, instead of the brass lining.
 

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

3. 	Galvanized steel pipe, of 32 mm (i inches) nominal dia
meter to connect the well screen in the aquifer to the 
pump. 

A concrete or raaonry platform maty be provided around the pipeat the ground surface. It is not essential for sanitary purposes
if the connecting pipe is 10 meters long or more. 
When not essential,

platforms are commonly left to the pump user to provide, and are 
therefore not an expense to the public program. 
If a platform is

provided, a short drain is also usually provided to carry wastewater 
away from the immediate vicinity of the well. 

The 	 cost of a HN is the sum of the costs of the materials 
at site, labor of installation, and supervision. The average
of such HBJ will vary from P1,000 (at 20-meter 

cost 
depth) to ?3,000


(at 75-meter depth).
 

Deep Water Level IFW. A deep water level HIM should have the 
pumping element, the pump piston, installed below the pumping water 
level. If the pumping water level i 
at 15 meters, for instance,
 
the 	pump piston must be 15 meters or more under ground, 

The 	 essential materials of such a well would include: 

1. A pump, or more properly, a pump cylinder which should 
be brass-lined steel, of 57 mm (2- inches5 or 54 mm
(2 3/16 inches) diameter. The cylinder should include 
the piston of the 3-cup type, and 	the bottom valve assembly*

The 	cylinder should connect on the top to a 62 mm (2t- inches)
diameter pipe and on the bottom to a 62 mm (2. inches) dia
meter pipe.
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2. 	The well screen, which will be the same as that of the
 
other wells described here.
 

3. 	 Galvanized steel pipe of 62 mm (2- inches) nominal diameter 
to connect the well screen to the pump cylinder and serve 
as easinge 

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

5. 	 A pump rod to connect the pump piston through the discharge 
head to the pump handle. If tbe rod is not more than 
12 meters long, it mnay be of 11 mm (7/16 inches) steel. If 
more than 12 meters long, the pump rod should be of wood. 

The average cost of such HIM4 will vary from P2,500 (at 20-meter
 
depth) to P8,OOO (at 75-mneter depth).
 

Potential ALolication 

In the first i0-drea project, there are certain fringe areasi/that
could potentially adopt the J1RJ as an interim measure for water 
supply until such time that the permanent conventional system
extends toward those areas, The following table shows these areas
 
and 	the probable per capita costs if a HF.4 were provided for each 
home:
 

Pumping Well
 
Water Level Depth HPW Per Cap a 

District Community _ (MLm Cost Coate 

MOWD Clarin near 40-50 P2,000 P290 

surface
 

CMWD Basud 3-6 20-60 CI,800 P260
 

MC.4WD liioan 8-1r5 20-30 ?3,000 ?430 

MCWD Compostela 15 30-50 f*4,400 P630 

The HRI has a per capita cost which is 50-100 percent of the 
per capita cost of a piped water system. iecause of the better
level of service and fire-fighting potential of the piped water 

y bhere groundwater conditions are favorable for HIW.

ased on 7 persons per house.
 

D-3
 



system, the HN alternative is not recommended in areas where a piped
water system is a viable alternative. Hence, areas within the water

district which have a pepulation density of 100 per hectare should be
 
served by a piped water supply.
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APPENDIX M 

WATER RESOURCES CONSERVATION MEASURES 

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

Wastewater Reuse 

One of the potential alternatives in meeting future water demand 
is the reuse or recycling of wastewater (sewage). In Singapore, re
claimed wastewater is used in the cooling process in industries. A
full-rcale municipal reuse facility in Windhoek in Southwest Africa 
built in 1969 provides a major source of potable water.
 

Reuse of wastewater can be a complished in 2 ways: by natural
 
self-purification which makes reuse 
 possible for irrigation and re
charging of ground and surface waters, and by technological process.
The technology of reuse involves treatment of wastewater from the
community for domestic, industrial, irrigation and other purposes.
 

Complex treatment processes are necessary to remove the objection
able characteristics of wastewater and make it suitable for a particu
lar use. There are 3 basic phases of treatment - primary, secon
dary and tertiary. One of these or all may be applied, depending on

the types of use and pollutants present in the wastewater.
 

Studies on wastewater reclamation deal with enhancing its eco
nomic feasibility for large-coals use and technological expansion.

Achieving these objectives will depend on several factors.
 

It is technologically possible to produce water of any desired
 
quality from any source. However, the controlling factor is economics.

For instance, because of its lesser solids content, wastewater recl&aia
tion is simpler than seawater desalting as an alternative source of 
supply. 

The feasibility of wastewater reclamation as a source of water

supply will be limited in the service area since wastewater volumes
 
are currently minimal, and future increases in sewerage are expected
 
to be slow.
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Desaltinj 

Desalting is the process of converting seawater into fresh
 
water. It involves removing substantial amounts of the ocean's
 
salts and minerals.
 

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

Over 90 percent of the present application of desalting is
 
done by distillation. 
In this process, seawater is evaporated and
 
the vapor is condensed. Salt deposits form on the surfaces of the 
evaporating equipment and the desalinated water is the resulting

distillate. The least costly distillation unit uses solar energy
 
as heat source.
 

Electrodialysis obtains fresh water by using an electric cur
rent to separate the ions of the contaminating salts.
 

In the process of freezing, ice is formed from a saline solu
tion and is melted to produce fresh water. However, the melted ice
 
sometimes has a salty taste.
 

In 1970, 33 small desalting plants were put into operation

throughout the world, with a combined capacity of 226,000 cumd.
 
Kuwait has the largest plant with a 113,600 cumd capacity which
 
is sufficient to supply a population of 150,000. Other plants 
are found in the Netherlands, the 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
amounts of seawater into fresh water. All the processes have inherent 
defects for general use, including the problem of disposing about 50
 
percent of removed 
 salts and minerals of the total treated seawater. 

These processes are also costly because they involve significant
uantities of energy. Whereas treatment of ordinary water supply

before the energy crisis) cost about five cents per 1,000 gallons


of fresh water, desalting cost about $1.00 per gallon of desalted
 
water. 
This cost covered only the plant itself and excluded neces
sary transmission facilities.
 

Precipitation Augmentation
 

Rain can be artificially induced to increase water supply.
The most common method of stimulating rainfall is cloud seeding.

The theory behind cloud seeding is that under certain conditions, 
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air containing much moisture will not yield precipitation because 
of the absence of particles of dust, crystal or chemical droplets.
In cloud seeding, such particles are artifically implanted in 
supersaturated clouds to stimulate rainfall. 
The particles used
 
in the method are usually silver iodide crystals.
 

The costs of cloud seeding in 1971 ranged from $0.81 to $1.86 
per thousand cubic meters oC additional run-off. 
This cost range,

however, was derived from planning reports and as such, might not
 
represent actual operations.
 

Cloud seeding does not always yield the desired effect of 
increased rainfall. Experiments show that the method also results
 
in decreases in the amount of expected precipitation. This effect
 
has not been sufficiently explained although a theory advanced is
 
that the amount of rainfall depends on the types of cloud systems
 
being needed.
 

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

Land Management 

Land management can affect the amount and quality of water
 
available for use. It is 
a method of both increasing and conser
ving water supply.
 

Two potential techniques of land management that apply to
 
Philippine conditions are forest management and control of stream
bank vegetation. Forests impact upon water supply in a number of
 ways. They intercept rain on the surface of the leaves. They
draw moiLhure from the soil and release it into the atmosphere

by transpiration. Through roots,the leaves and other parts,
forests facilitate the infiltration of precipitation into the
 
soil. They also tend to shade the soil and slow down wind velo
city, thus, reducing evaporation from the soil surface. 
 Any

alteration on the amount and type of vegetation, such as defores
tration, will affect water supply.
 

Phreatophytes (or deep-rooted vegetation along the banks of
oanals and rivers) consume much water in their growth. Especially
in cases where precipitation is low, phreatophytes may reduce the 
streamflow and the discharges of springs. Sometimes, they also
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tend to increase flood stages when they invade stream channels and 
reduce channel capacity. Phreatophytes are mainly useful in the 
sense that they provide an important wildlife habitat. Based on their 
effects on the water supply, they have to be managed carefully as 
uprooting them is not necessarily the best answer to increasing
 
water supply.
 

Dual Plumbing System
 

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

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

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

CONSTRUCTION MATERIALS AND METHODS 

General
 

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

Factors Affeoling Comtructlog
 

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

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

A significant climatic factor in many parts of the Philippines
 
is the frequency of tropical cyclones. An average of 19 tropical
 
cyclones form in or enter the Philippine area of responsibility
 
annally. Some areas in the Philippines are more susceptible to
 
tropical cyclones than others. Aside from preventing prosecution
 
of the work, tropical cyclones may also inflict significant damage
 
on work already completed or in progress.
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Other physical factors that could greatly affect the oonstruo
tion of water system faoiliti t ptixtvul r r water dirtribution main 
oconstruction prooedures t are the vidth of streeta; presence or absence 
of sidewalks, curbs, and gutill.rb; traffio deniaty; and other eisting 
or proposed umnderground utilitie., 

Soil conditions are expected to va- for different areas sad 
from place to place in **W giv"- 4rea, Pertinent soil information 
for the construction of the varioua oopcuenta of the water oystew 
improvements should be gathered ad evaluated in order that ay 
special construction problem or reqnirowent can be properly deter
mined and providw for. For orxit= soils with high sulfate con
tent may eliminate consideration of asbestou oement pipe for water 
mains. In cases where trausmia lon ianA distribution mainb are to 
be laid in unstable soils, am-oau otreams, awampe, or marshlands9 
the soil oonditions should be thooughly checked that they can with
stand the load; or the pipoliiie materiale and joints should be 
seleoted and designed with provision for any exceesive settlement 
that maw occur. 

There is a large reservoir of labor and skills in the Philip
pines to carry out the vast conotruction uvrk involved in water 
supply i stem development or improvemont, It may be nooesaryt 
however, to bring in to the project area certain technical perso ncel 
and specialists to supervise the work and installation, axul to ins
trust in the maintenance and operation of complicatcd iters of machi
nery and equipment. 

In some large Philippine oitios, there muy be local conatruo
tion oontractors with the ompett.noe fwd rersouroes to undertake all 
or portion of a waterworks project. In the event that local con.. 
struotion expertise mid capability are not available or are deficient 
in some respects, several Mtropolitan Anilae-based construction 
firms can be utilized for rnvv arid aluat all of the work needed for 
water supply projects.
 

Other types of work require the use of spooialized equipment 
not only because it is virtually impotible or ertremely difficult 
to accomplish the work with human power Imt ssao for faster# more 
efficient, more eoonoujcal, and better ualii of work. In general, 
however, the use of equipment-intaeive oontraotion propedurew for 
waterworks improvements in the fAhilippiieij should be avoided, if 
possible. Gommon construction equipment auoh at truoks, cranes, eto.,* 
may be available in some project areas C ernment-owned construction 
equipment for infrastructure projects asqigned to highway regional or 
district offices may be available for aso by private contractors on 
a rental bamiso 

http:gutill.rb


Existing and proposed developmeants in a project area would nor
mally create some problems with respect to the construction of wa
ter supply facilities. For economy and ease it construction, the 
implementation of waterworks projects must be planned with due 
oonsideration of other utilities and rublic works construction 
program. 

Construction Materials and Methods for Wate o r k s ProJects 

In any construction uork, materials and procedures are two of 
the most important items needed for the sucoessful prosecution and 
completion of the project. Many construction mterials and pro
oedures are comman to several types of construction. Others are 
more speoialized in nature and apply only to certain types of structure 
or work. In the following seotions are discussed some of the ms.
terials and procedurpe that are normally needed and employed in the 
construction of water supply systems. Materials that go into concrete 
work, various pipe materials and valvea, fire hydrants, se0'ice lines, 
pumps, and water meters are also givecn, With the expanding activities 
and programe in water supply development in the Philippines, the 
engineering and construction of large-oapacity water supply works 
such as transmission tunnelst water minn, water treatment plants,
pumping stations, and storage reservoirs, are expected to increase. 
Common practices in the construction of those facilities are discussed 
briefly. 

Sand and gravel 

Sand and gravel may be needed in large quatities in a water 
upply development project area for uses like oonorete aggregates$
pipe bedding, road surfacing, etc. Unavailbility of these materials 
in the amounts needed within reasonable hauling distance to a pro-
Ject area could add materially to the construction costs. In any
water supply feasibility study and construction program, investigation
should be carried out to locate sources of sand and gravel and to 
determine their suitability for the various works. 

Cement 

Cement is manufactired in large quantities in the Philippines
and in recent years has been one of its export products. As of 
1974, there were 18 operating cement plants in the Philippines, 11 
located in Luzon, two in the Visayas, and five in Mindanao. The major
ity of the existing cement plants started original operation or under
went expansion within the last decade* In additiong 24 cement pro
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jeots were registered with the Securities em.d Exchange Commission,
The operating plants have a total oapacity of 173.4 million bsgs
of cement of 43 k& each. Total production in 1974 amoLmted toabout 85 illion bags, or 3.6 million metric tons, of which
approximately 20 percent wt exported. 

No eeriouo or slpcial problem is likely ariseao with respect
to coement requirements of any water supply project in the Philippines. 

For roinforred conoretn construction, steal reinforcing bars are fabricated "4y 27 steel mxills in the ountry. Reported produot
ion of reinforcing steel of the pints for 1974 amounted to 240,000metric tons. Steel manufacturing normally conforms to ASTM standards.Reinforcing bars in sizes from 6 to 25 m are readily available. Forthe larger sizes, bar are aw).ilab:e in plain and deformed sections. 

Concrete 

Prom tht foregoiug, ii can be conoluded that all the principal
materials needed for good quality concrete can be furnished from
local (Philippine) sources. The quality of concrete needed forthe various Componentrj of the development plan will have to bedetermined during the final design stape of the project. 

Asbestos C-

Asbestoo cement first madepipe was in LEurope in 1913v and was
introduced in the United Sat s in 1929, Howeverl its extensive 
use for water system piping in the Philippines started only in the 
early sixties. 

Asbestos cement pipe is mannfnctwred from simple ingredients:
asbestos fiYber, silica sand, and. cem.Dnt, Asbestos fibers make upthe smallor4 peroentage of the toia1 vo.im of pipe material ingre
dients but their high tensile propertis add significantly to the
overall pipe e-trength., Me amonut *f sach element used varies but
is usually in the following range: asbestos, 15 to 20 percent,
silicas 32 to 34 peroant, and cement, 48 to '1 percent. Because
of its methods of manufavture, asbestos cement pipe is smooth on the
outside; due to the polishod m,,ndre used in ite formation, it
normally has a very smooth iuterior bore. Tharefore no coatings of 
azy kind are used. Because of its Ohemical composition, asbestosoement pipe in not easily affected lkx corrosive waters; however,
it requires a spoial outside coati-ng for soils with high sulfate 



oontent. With its smooth bore, it has a high C value at installa
tion that can be expected to remain high throughout use. The low
 
oontent of uncombined calcium hydroxide ensures that the leaching
 
effects of soft waters will be at a minimum. Purchasers may specify 
a limit for uncombined caloium hydroxide. Disadvantages of this pipe
 
include low strength, brittleness, disintegration, leakage, and low
 
ductility.
 

Asbestos cement pipe which has been used for over a decade for
 
water mains in the hilippines is widely accepted in this country
 
and often has been the pipe material of choice for small sizes (80
 
to 300 =) primirily because of its relative economy compared to fer
rous pipes. The pipe is producedlby tuo manufacturers with factories 
in Metropolitan Mani'la, rnd under the trade name Eternit and Italit, 
respectively. Pressure pipe is readily available in sizes from 80 to 
600 mm for rated working pressures up to 130 mm. Pipes are generally 
manufactured according to ISO E-160 specifications and cupplied in
 
4-meters lengths. A sigmificant feature of asbestos cement pipe manu
factured umder the ISO specifications is that the required test pres
sure is only twice the rated working pressure.
 

Inquiries as to whether asbestos pipe conforming to AWWA stand
ard 0-400 can be manufactured by the local plants revealed that the
 
pipes osan be mazufactured but at higher costs than ISO pipes becausi
 
of the stringent requirements of the AWdA standard. For exmmple, the
 
AWW& ntandard requires a hydrostatic test pressure of 3 times the
 
rated working pressure. 

The AWAL standard covers 2 types of asbestos cement pipe:
 
type I - for use where contact with aggrcsive waters and/or soils 
with sulfate content is not expected; and type II - for use where
 
contact with aggreLsivo watere and/or soils with sulfate content
 
is expected to occur. The standard limita the uncombined calcium
 
hydroxidIe (free lime) for type II pipe to 1 percent. To meet this
 
requirement, the local -Panifacturers indicated that the cement would
 
not prove suitable. For type I pipe, there is no prescribed limit 
for uncombined calcium bydroxide. 

Locally produced asbestos cement pipes are normally joined with
 
a coupling of the same composition and strength as the pipe and joints
 
are sealed with double "0" rubb rings. Mechanical joints (Gibault
 
joints) for joinnng asbestos cenm.nt pipes or asbestos cement-to-cast
 
iron pipes are also produced locally.
 



In recent years, a question has been raised about the possible

health hazard that my be associated with drinking water which has
 
flowed through asbestos cement pipe. In an effort to determine the
 
scope of the problem, the A/C Pipe Producers Association (U.S.)
contracted with the American Water Works Association Research Foun
dation to study the problem of asbestos in water, specifically with
 
relation to the use of asbestos cement pipe. One conclusion of the

recently completed study is that though asbestos in water has become 
a potentially serious health hazard, the proper use of asbestos cement 
pipe for water does not pose a hazard to health by reason of ingestion.
of asbestos fibers. Highlights of the other findings and conclusions
 
of the study are: 

(1) Asbestos can pause granulomatous and fibrotic reactions
 
in the lungs but there is -ioevidence that it does so in the 
gastro-intestinal tract. 

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

(3) Asbestos cement pip, systems have serviced large popula
tions for 40 or more years in Europe and the United States 
with no apparent increase in peritomeal mesotheliomas among
the public during; this period, despite the fact that this tumor 
has been the focus of great interest among the pathologists for 
the past 10 years. 

(4) No firm evidence shows that the proper use of asbestos 
cement pipe poses a hazard to health bV 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 - approaching 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 Ductile Iron Pipe 

General. There are 2 types of cast iron available for 
water systems: gray cast iron and ductile iron. Gray cast iron 
has a history of use that dates from over 300 years. Ductile iron 
was developed in 1948 and its use has been increasing since 1960. 

N-6
 



SCast-,Iron. GM cast iron has characteristics of long

life, tougbneso, imperviousness
t and ease of tapping, that are pro
vided ly the chemical composition of the metal. Carrying capaoity
 
is ensured by proper lining.
 

The production of gray cast iron pipe consists of melting the

metal in a furnace (cupola); the addition of such other materials
 
as needed for the final desired composition; and the actual casting

usually by a centrifugal process. As a molten iron is withdrawnfrom the cupola to a ladle, small amounts of graphite and ferro
silicon are added to adjust the oarbon and silicon content; this istermed inoculation. 
The amounts of carbon, silicon* manganese, eto.,
although small, materially affect the structure of the iron. 
Bach
 
of the chemicals added is controlled in amounts to produce the de
sired qualities in the castings.
 

In gray cast iron, the major part of the carbon content occurs
as free carbon or graphite in the form of flakes interspersed through
out the metal. An appreciable volume of graphite flakes makes graycast iron more resistant to corrosion than the purer forms of ironbecause graphite does not corrode. Graphite in cast iron also affects
the machinability of the pipe, that is, itmakes the pipe more easily

tapped and threaded for insertion of a corporation cook.
 

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 locally manufactured in the 1950's, all cast 
iron pipes used were then imported.
 

At present, centrifrugally cast iron pipe is manufactured IV the
Filipino Pipe and Foundry Corporation and marketed under the trade
 name "Silva Pipes". 
This company's plant is located in Mandaluyongs

Rizal and has an annual capaoity of about 33,000 metric tons. 
Pipes
are centrifugally cast in metal molds and are available in sizes from

150 to 600 m, unlined or cement lined. 
The pipe is manufactured with
bell and spigot ends for leadoaulked joints* Bell and spigot iron
pipes are made in conformance with (U.S.) Federal Specifications orAWWA Standards. The Silva plant also manufactures cast iron fittingsand Gibault joints for asbestos cement pipe to cast iron pipe. 

Ductile Iron Pipe. 
Ikicile iron pipe is stronger, tougher and
 more ductile than gray cast iron. 
 Its characteristics are due tothe configuration of the free carbon or graphite ir the iron. 
Ductile
iron is defined as cast iron with graphite in spheroidal (nodular)

form. 
It is produced by adding an inoculant, usually magnesium, to 
molten iron. 
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Ductile iron is chemically akin to gray cast iron of low phos
phorous and low sulfur content, the latter obtained by desulfurizing
in the cupola. Magnesium can be .dded, after the removal of sulfur,
in a post-inooculation treatment, with a silicon-base magnesium alloy. 

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

Steel Pipe
 

Early use of steel pipe for carrying water was in large, long,
and exposed transmission lines in relatively dry areas where corro
sion was not a problem. Other applications in other areas became
 
more common as coal-tar coatings became available. Steel pipe is

used in the Philippines in many distribution and transmission lines
 
as well as in inplant systems. 
The American Water Works Association

(AWA) has prescribed standards for steel pipe for use in water 
systems. The Local Water Utilities Administration (LWUA) has adopted(U.S.) Federal Specifications SS-P385a dated 31 January 1964 and
Amendment I dated 27 February 1968, with some modifications thereof,
 
as its standards for steel pipe and specials.
 

As described bY AWWA Standards., there are 2 types of steel
water pipe: fabricated, electrically welded 
 steel pipe, and mill
type steel pipe. Both types may be coated and lined.
 

Fabricated electrically weldnd pipe may be produced by auto
matic welding machines or by manual operations. AWWA Standard C201
gives detailed specifications for this type of pipe. Mill-type steel
 
pipe may be Lurnace-welded (continuous butt-welded or furnace butt
welded), electrically welded, seamless. 
AWWA Standard C202 sets forth

the npcifications for mill-type steel pipes. committeeAn AWA has 
been working to combine the 2 standards into a single standard.
 

Large- and small-diameter steel pipes are manufactured in 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 capacity. Pipe can be manufactured and cement
lined according to AWWA Standards C202 and C205, respectively. 
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Five (5) other plants produce small size pipe from 10 to 200 mm 
diameter* Both black and galvanized iron pipes can be produced 
accordingly to ISO or ASTM Standards. In 1974, the combined 
production of the plants &mounted to 31,600 metric tons.
 

Prestressed Concrete Pressure Pipe
 

There are 4 usual types of concrete water pipe, classified 
according to the method of reinforcement. These types are: cylinder# 
not prestressed; steel cylinder, prestressed; non-cylinder, not pre
stressed; non-cylinder, prestressed. 

AWWA has set forth design requirements for the first 3 types 
of pipes including minimum wall and lining thickness, reinforcing 
spacing, and core coat thickness specifications. 

The steel cylinder, not prestressed concrete pipe, is covered
 
under AWWA Standard 0300.
 

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

The fourth te of concrete pipe (prestressed, non-cylinder 
type) is not covered by AWWA Standards. This pipe consists of a 
concrete core manufactured by centrifugationv both longitudinally 
and circumferentially prestressed 17 high tensile wire, and protected 
by a dense coating of premixed cement-mortar. 

Although prestressed concrete pipe is not yet manufactured and 
used in the Philippines, it is recommended that this type of pipe, 
where it isapplicable, be considered in the final design of facili
ties. Unofficial information has revealed that 2 Philippine companies 
are planning to put up factories to manufacture prestressed concrete 
pressure pipes. 

Plastic Pipe
 

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

Early proibiction of plastic pipe was in sizes below 50 nm-and
 
most of the plastic pipes sold were for service lines and household
 
plumbing systems. As developments in the plastios industry progressed$ 
larger pipe sizes became available. Plastic pipe is today used for 
water distribution mains in many localities throughout the world, as 
well as for servioes and inplant piping systems. 

There are about a dozen plastic materials that may be used in 
water systems. Only three, however, are in %ommon uses PVC, PE,
 
and ABS (acrylonitrile butadience strynene). ABS has been used
 
primarily for -rainage,waste, and vent (LWV) pipe and fittings for 
interior applioation. ABS has been popular a few years ago for water
 
systems, but because it has only half the available hoop stress of 
PVC when subjected to internal pressure, the latter product is oon
sidered to be a better material for water lines.
 

Available U.S. standards for the manufacture of plastic pipe
 
for use in water systems include ASTM, Department of Commerce,
 
Commercial Standards, and =$ASI Standards.
 

PVC and PE pipes for use in water systems are manufactured in
 
the Philippines. A PVC plant in Iligan City supplies most of the
 
raw materials for FVC pipe to the local manufacturers. PVC pipe 
is available in sizes from 10 to 300 mm in 3 to 6-meter 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 SlM and hydrostatic design 
stress of the pipe affect its pressure rating which is defined i
 
the estimated maximum operating internal pressure at which the pipe
 
can function without failure.
 

Classes of PE pipe uvailabl- include Medium Density, Sohedule 40;
 
and High Density, Schedule 40, 80, and 120. Pipe sizes are from
 
10 to 40 m, 60-meter &-ollsfor sizes 40 to 60 m, and 25 to 30-meter
 
length for pipe 75 to 300 n in diameter.
 

To date, plastic pipe has not been used extensively in the
 
Philippines for water mains. Limited experience with PVC pipe
 
water mains used in a high pressure distribution system has not
 
been satisfactory because of frequent failures and leakage parti
cularly at the joints. One problem that has discouraged or deterred 
some engineers to specify PVC pipe is the non-standr.."-zation of 
fittings and connections among local plastic pipe manufacturers. 
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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 LWUA are PVC, PEI and PB 
(polybutylsne) and tentative standards therefore have been adopted 
by this organisation. PB pipe, however, is not currently mannfaotu'ed 
in the Philippines. 

Valves amFire Hydrants 

Gate Valves. Gate valves for water systems are normally of 
the double-disc type, with parallel bronze-mounted seats, cast iron 
body, gate rings, wedges, and a non-rising atem with or without
 
handwhel, or outside screw and yoke (O & T) type. Valves used
 
for small lines (100 to 300 mm) in distribution systems are 
frequently furnished with an operating nut and installed with a
 
valve box extending to the ground surface, providing aooesibility
 
to the operating nut. For valves, 400 mm or larger, which are in
 
general power-operated, vaults with manhole acoess are generally
 
provided to facilitate operation and mainteuianoe. Also valves 
larger than 400 mm are often equipped with smaller b7-pass valves, 
to reduce the pressure differentials and the power required daring 
opening and closing operations. Gate valves for water service are 
covered by AWWA Standard 0500, At present, most of the gate valves 
ueod in the Philippines are imported mostly from the U.S. or Japan.
 
Valves up to 300 sm diameter 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 lose,
 
small space rv'piiresent, reliability, and generally less expensive
than gate valves particularly of the larger sizes. The AkW has
 
2 standards for butterfly valves: AWWA Standard C504 which covers 
rubber-seatod valves from 100 to 1,800 mm diameter for pressures up
 
to 10 k8/sqcn, and AIWA Standard C505 which covers metal seAted valves
 
from 100 to 1,800 - diameter for pressures up to 15 kc/agom. 

Butterfly valves are not currently mamfactured in the Philip.
 
pines.
 

Air Valve. Air valves should be installed at high points in 
transmission lines, to permit the escape of air when the pipeline
is being filled and to admit air when the Pipeline is being eoptied
for maintenance or repair. It is usual to install air valves of the 
automatic type which open to release air accoumlating dnring normal 
operation of the pipeline.
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Blow-off Valves. lou-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 my accumulate in those places. Ordcinaxy gate valves m
 
be used for this purpose, with provision for conveying the water and
 
sediments "blow--off" to a suitable point of discharge.
 

Miscellaneous Valves. Miscellaneous and special valves for 
water systems include check valves to permit only one 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 pressure3. None of these valves are 
manufa"ured in the Philippines. 

71= Mydrats. Fire hydrants that are in common use in Philip
pine towns and cities are of 2 types. One is a wet-barrel type 
consisting of a 60- or 75-a riser pipe, usually GI pipe; a 60- or 
75-m GI tee or 900 elbow; and a 60-mm fire hose valve. A shut-off 
valve is generally installed between the hydrant and the water main 
to which it is connected. This type can be fabricated and assembled 
in the field or shop, ready for installation and connection to the 
water main. 

The other type of hydrant is similar to that commonly used in 
European and North American communities. This hydrant is a dryb
barrel type, with compression-type main valve, 100 or 150 mm inlet 
connection, and one or two 60-m hose outlets and cne 115-mm pumper 
oozme ot ion. 

The first type of hydrant has a disadvanta e 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. 

ibter Service Lines 

Water services or service connections are pipes of usually 
small diameter that run from distributi(- mine cr ranch mains to 
customer premises. Th- .. r .Llt -Y1'7t3 is USU"1.JVi -- 4 ,hed' 
to the street n-.ln r means of a corporation stop which may be in
serted while.0 the main is in service and under pressure. Where the 

.earvIM comneotione are expected to be larger than 50 mm in diamter, 
tees, Wes, 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 curb stop, accessible through a curb 
box. Various pipe materials have been and can be used for the service 
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lines. Non-flexible matarials require a flexible "gooseneck" 
connection to the corporation eock. Gooseneck oonnections maq be 
lead, copper, or flexible plastio. 

At present, galvanised 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 oorro
sive action of soil on the outside and the water inside the pipe. 
The use of plastic pipe material for service connections may 
reduce this corrosion problem to a minimum. 

Water Mters 

Asy modern water supply system should be equipped with the 
proper type of water meters so that the water produced and deli
vered can be accurately measured. Key locations in the system, 
at supply sources, treatment plants and pump stations should be 
provided with venturi tubes, orifioe plates or other types of 
metering devices. Because such metering devieoo are not currently 
manufactured in the Philippines, these will have to be imported. 

Every service connection to a distribution system should be 
equipped with a meter to reduce wastage and to obtain the proper 
billing. Small-aisepturbine-type water meters are manufactured 
by the Liberty Manufacturing Corporation in the Philippines. An
other local oompany, Domingo S. Jose, Inc., is in the process of 
putting up a factory to manufacture various sizes of meters under 
the trade name "Kiumon" under lioense 1y the Kimnon Manufacturing 
Company Ltd., a Japanese firm. Kinmon water meters of the turbine 
or rotary piston type are available in small sizes 10 to 50 m. 
Propeller-type meters up to 400 mm are also manufactured 17 Kimon 
plants in Japa. 

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

Construction Methods For Water ystem ComRonents 

In the preceding sections, common oonstruction materials for 
waterworks have been briefly discussed. The remainder of this 
report will be devoted to a general desoription of oonstruction 
practices for deep wells, tunnels, water treatment plants, water 
mains, pumping stations, and storage reservoirs. 
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Dee Welle 

Water wells have long been used in the Philippines as source
of public and private rtter supplies and for small and large quan.
tities of water. Wells tba have been used for piped public water
 
systems are generally of the drilled well typo and capable of fupplym.1mg several tons or hundred of gallons of water per minute, At 
present there are half aabout dozen competent and experienoed deep
well drilling contractors in the Philippines. Present practice ofdeep well construction inthe Philippines isnormally 17 the per
cussion (or cable tool) or rotary method. Specifications usually

call for the contractor to sulmit a well log. In unconsolidated
formation, the well is usually eased with imported Schedule 40black iron pipe. A telescoping casing employing 2 pipe sizes in
commonly installed. As a rule, no well screen is used prinoipally
because of its high cost. Openings from the aquifer(s) to thewell are provided Iy porforations in the casing. The perforation

can be made in the field, Oravel packing around well screens or

perforations is very rarely practiced*
 

After the installation of the well oamiug, the well is developed. Local well drilling contractors employ development methods

such as pumping, 
 surging and bailing, and development with com
pressed air.
 

Test pumping follows ill development. The purpose of test

pumping is to provide information on the yield and oapacity of the
well, which in turn helps in determining the capacity of pumping

equipment. Water level measurements are taken during pumping

(drawdown moasuremento) as 
:iell a3 ofter the pumping test is com
pleted (well recovery). Common practice is to specify a 24-hour
 
or 48-hour pumping tost. 

Water Main onstruction Proo#)divros 

Water mains are generally installed to a definite alignment
and grade. In the Philippines where freezing is a problem,not 

the depth of cover over the pipe speoified usually depends on the
surfacw load conditions. The minimum cover for the aligwmnts which are subject to traffic londa is 90 om. For the areas with no trafficIoadn, a minirr-, cover of 60 c wa be used. Trenches may be dug
manually or wi-tlh ex=-ration ranhinery. 

Trenches ara excavated as shallow as possible but still provideenough depth for surface loading. Deep trenches are avoided since
they usually require shorine and braoing. therefore t they are costly. 
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Trench Widths. Diffioient trench widths are provided to permit 
installation of the pipe, tith roon for the workmen to make up the 
joints and to tamp backfill ruie.r ond around the pipe. Trench widths 
ae gmovernd by type of noi1, pi s.ite, and exouvating equipment. 
For asbestos oement and conoreto pipes, unnooe aarily wide trenches 
are avoided to rignizi" oxoesiv baskfi1l loads on the pipe. For 
asbestoe oement pipo, the following widths are useds 

Pipe Diatit. (an ) ___I ...... 

100 45 70 
150 or 200 50 80 
250 or 300 60 90 

350 or 400 75 100 

For cast iron pipe 100 to 450 m in diamter, the trench width
 
is the dianoter plug 40 ca; for '%he Uarger pipe up to !,500 ma in
 
diazeter, the width ic the pipo dianater plus 45 cm.
 

Wido tr ohes for smll-dia etor pipe arc avoided, partioullar 
in hard ola-y toile. Otherise, the might of baokill boeomas out 
of proportion to the beam strength of a amall pipe. 

Whom pipe in 4o be laid on A curvo, it utilizes the %vuilable 
deflection charaotoriutios of the joint. Many jointo have an in,
herent ability to be deflaoted to c-o aall degro , permitting pipe 
to be laid on a len--radiuz curvo. ftr pipe laid on a cures the 
trenoh width in corewht widar than normal. 

Exoavation. Mobor oxoavation is done Mnually or tl" machine, 
the excavatei nnt-orial is piled on one aide of the trtnoh at a dim-
taaos awrq fron tho trnt-nh. T' distenco should be suffioient to 
prevent eaxovatod ateriml f.o"i rol!irP "uck into the trench and also 
to provide roo.i for tmrlking slon tho *ronch. In te ted a"&aon 
it is usum3!T noctsa..ra to hrul ezd ntockpile the excavated material 
tempomrilv at roee othe- lamtion and the excav tod matorial suitable 
f*r baokfill in trr-mcport.d benuk during bacifill operatiaso. Eate
ri&l ranitblo -o- b ei!ill is disposo8 off the site. 

Shseting Lrj 7i!. Tho aerd for aheetite and " . to p.*o
teo a6 inet caw--in d,)endn ea roil cmditions and treouh d."thw. 
Thz- are inatallatl Lhtre required not only to prmmut dela) in pipe 
laing but aloo to protecrt the worlmnan and tho publio. 

-15
 



PiBd' All. tyr-^ of oiupported pfp~rlyAi~~bdo 

at thran ttom, fipo~ if 1"0d idrty ou 'tho trfnb bottom iftho bottoma haui been Itcvoflc! y~ Fo- grattr load bearingr 
ability of tho pipa1 UIho trenc!i ~upad to wu~ohlaIo cha thoextrooiromfrenoa or the pipe. ~ io tcokrcir to prevrent voido orhitupoto undor tho pipoi: UI~h opoft an ohihrwd off, and vtoida filladwith wall tamaxpd soll. tranIoaF'or iii rook# unclulteablo uoi3. orsoft or wet 1oi1, epocital L'od~bic lo providlvd4 Thio leabo limportant for AC nd CI p4lpia bacani or titoir' low.r tanalble atrongth
and brittlneL3. 

Pfor fot.ti-i of roc oii. til tronch le am
oavated to a depthi of a1'ou' 13- cm bc,10o' 00e as'a4e lUna O tile pip
bottomt aud tho ovac.:,c--vttod mtrialo rx p]lucod with cand 
or good
sioil free of olin~, oul~cd tampvd II. 6r-dej.& 

Joint Jiolox;, hiir.it wzA 11i tho trtllwh to poit properJointin.; of thei pir.; i.:ith Llia typ~o of' joint oriployotd. ftr nabootoocement pipe laid r~~~ton 'h(:v~c botton), a~ COUP11111Ml

about 8 cm deep a~nd, 15 cai longri tht 1 tho ooupling ist dugj at the
joint loeatton. Ptx-cuoakL iron p.vJoin'"; of the boll and opigot
type, Which o-rc fl"O with len 
 tho treatb imubt Wo aoavMae

widor aad deoper rit the Joint ioc-ition fturficient to prov'ide room

for the caqulker to uorkz*
 

34trix~ging, L.ix4 ,v1 Jolntii-A_l1p'1 To atvoid tlnnoootnr; 

near un posaible to ]ne!;ion tho-1hoir fini~i ini lino, with duoragard to tafetyr ' icuv.. 1 O~ placet Ai olooo to thotrenoh line no poroiblo ;v~i cn th , tride) oppoiito Itro thoexmvuwto4

materi. i to bo piir :'ioot~~oia pep in 1nimally not Ntunjc
in adv-ice oC 1 -iyau o tic'no
4r :) tit 10 doi ivnrvd from 
storagv to traoh tq 

with tho type r pipa n-torl~al zi -tI ofW JOtt I1" n~ i.beatoolCement pipegt-v tc . , -iint.'c~t't-I j a in SUL-Idetwhud C603and rc followcil in th- .n n.PI'~1~i~~cOat3t L-on landt.1 I -.e )r' t4lfl LAPP' oni~oIf.2~ aL o~i or AWWM
Standard C00, C60'5 trine J0 JiiL~ii "d k"~ai ooord..iince with the ~.r"4a' ~~tdrcsn ot tho 01)" 1whfo

inoludod in- thl Job1{i1) -oc tr:Z all typob of pipk) to b(installed. -r'ur: he o~rnp tUo -o t'ible-rrc vrvo from a p"line, tha resident in~'opzko hlrinrrj otricft mIplifnc with thespocificationE; trd conztImnoi dr~-ingm 



LOaka mad P 	 =e xts* All pipelines axe oubjected toleakae and bYrotjrttie est. Such 	tess are usually done afterthe 	trench has been partially bakfilled. Text 	procedures adrequirements, allootble loakave eoto., vary with the type of pipea-ad 4Aoint. Pcoadres eaid r qmimnnoits for asbeatos cement pipelines and cast iron pipalinegs are sapoifiod in relevant AM staan,
ards. 

_Bwf illi. Backfilin is~ an important part 	of proper pipe-.line 	istallation and is given oonsidorable attention, Bace? 1111mis uually a 2-tetp prooedere consisting of partial baokfillingbefore leakage testa 	and oompleting the bakfill after 	the tests.Select backfill material in placwd at both sides of the treachuiforoy for the full trench width up to the horiazotal c nterline 
-of the pipe. Tet kvf ill material usually is tamped )g hand underand on each sid. of the pipas to provide a void-free support* 

Where 	 visual i-SuootioM d..ripg leak"- tests is not required,backfill is placed depthto the indicated above 	 and then a cushionof backfill materialD hmd-plae. amd. tamped, is added 	to eover thepipe 	to a depth of 30 cm.
 

Where visual imspection is required, 
 joints are left exposedor covered only br a relativaly nhallow layer. After leakage testsare 	completed, the nyposed Joints or cm.plimgs a oovered with handplaced mterial to a depth of 30 cm, 

The 	 remainder of the backfill matoril ia deposited in thetrench by baud or machin in layersand t-inued, This 	bakfillshould be good noil free froi rokas 4ebrio, cloda and other us
suitable material,.
 

Disinfeeoton. 
 All 	nAwly Istal.1.d or r",paired ater mains arecleaned etodiie~~~ fc:n 	 thav r t aopted ard pla~ced intoservicao The -min I.i f irst f 1 .unhe4 mlo-! -. f ore~ mat-tersoouring veloeity of at 	 at a-*ant 075 n/seo, The flushing may be done

after the preouu- tinsim.
 

Snge;%-,NI dieizfociom pr 	 e'iurofs are as described in AWMLStandard C O. ITe 	uml di.-i: otarxts are chlorine, calcium hypechlorite or todiua hy-co.1 lorio senltition, or 'hlcrimtad lim 	 solution. The tlejnfe iv soluwion iu aO~plied at one extremity of apipe 	 meatinr. ;d &ra2_iwvj a the 	opposite oxtrewity of a properlysegregatoe - eTatlcn te of p-l ioa 'io gives a uniform domeof at le?-d 2"C M4/I M,arers o-n aet pried is 24 
Ia of t6 notion being treated. Thehoars 	amd. r-hould produoe not less than

I0mg at, the end of t" !i 	 after the cnta t period. If shorteroontaot periada are uaed, the ohlorne anontaration is increased t50 or 100 Ug/le 
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Water Service Connetions. Com orents of a customer's service 
connection inclu~d aconectin to the main (corporation cock), ciubl 
atop or turn-o7 valve ad bo wiud Ithe line ituelf. The sorvice 
connection may ba insalekd ihen the water mains are laid. Installa
tion oeraticrae oonisit of trauchingl main tapping, laying the line,inEA-alling the va,!vei, and c~ilg 

The trench wivy be rbip.a by band or by szall backbone. When dug
by hand, the width munt be m"ffiizrt to ac-commodate the digger.
The trench bottovm &hould bo relatively flat and on the necessary
grade. Snpeoal btddlng it; not rotjuired unleas the soil is corrosive 
in nature and t i pie in not rrooion-rosistamt hhere the service 
line ic made under a pavemnt, the avmwent is removed and replaced
after the inmiallaLoau is opleted.o 

Fcthoi4 for tapping ocrvic* lino to mains vary, depending on 
the isruirioe lint siti aad riterial. Where the size and the wall 
hi.akess of 'the uaiji ara mfifiisnt to provide adequate full threada

for the oorpoaa-tim cock, Z serv'ice lines are 0onnected to
 
the main by direot drilllng, tappiag, or by other methodm, and in
sertion of the oorpoxvtion 
oick into the main. If the main is under 
pressre, the tapping, drili-n,. -ma insertion operations are done
with a sp ial tappi-M devio Thia operation is known as a wet tape 

If the p1a uIi is tvo thin fek.. diravL tapping or will not
provide the rmqwLzd umbor of f'a1l1 threadsz gervice clamps are 
used* In sunh oeess dI.4illign is done through a wrporation cock
that as bban sorewxl in-zzr;tha servim olump. For emectizg larger
sorvioa !i-nea tees, tyes orx spooial brmnch oonnectiona and larger
drilliug omahins ar used, 

lAyixg he line invol. os -ot, only the lVins of thelx'vice 
pips oz the trv.noh - ieA the imlzig-.laicn and Conneation of
the Gar1 and near the preperty line It also involvesobtop xiox 
the oM- .tianof tho lieS to-the .- roation cook and sometimes to
'the ehut-.off vy.I'vt or matscr in the ouw ertoa yaramisos. Where water 
=torz ara :t outside the bnildig, Uhe operamtio is frequently done 
as a part of -the ervioe live isn 1stIaUon overtaion, When the final 
oomnecti o i v plsetetd the !Lstlla ion is tested VMder pressure. 

BDaf'lit g o't re s-ovpy ht dR szanunlly or by sachisee 
In either case, largo stones or bctddera are not placed directly 
on the li3. Backfilling withciit ta pir io uaually done to some 
reansonable !sal above grade to allow for eotlawent. toIn areas
Me pax&d or zroad, the ba3idilU 40 teeped to 3 -least 90 percent
of the "omption vualue of the s'urrousdiw, a-"aa, then Ilowsd to
stad with tenporuz pavement for at least 3 months before 

prnmaneat pxcont is repla-d, 



Pipe Cleaning and Lining 

.General Although pipe cleaning and lining per se msW not be 
considered part of construction but rather of maintenance and reha
bilitation of existing pipelines, maWy water system development 
projects in the Philippines will include such work as part of the 
initial water supply improvement program. 

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

Lining refers to the process of placing a protective coating 
on the inside of a pipeline that has been cleaned. Lining of the 
pipe in-place after the line has been cleaned not only prevents 
recurrence of internal surface deterioration bu- also elininates 
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 aleaning does not 
remove the causes of pipeline deterioration. Cleaing alone is an 
expensive means of maintaining carrying capacity* 

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

1. DPrag Cleaning. Drag cleaning is usually limited to pipe 
diameters of 100 to 600 mm. The cleaning equipment is pulled 
by a power winch through a line that has been removed from 
service. The method utilizes a sprin,-steel cleaning tool 
that is composed of a series of scrapers, followed by an 
assembly of tight-fitting sqtieegees. As the tool moves
 
through the line, accumulated deposits are loosened by the 
scrapers, and then mechanically removed by the squeegees. 
The separate drag operations are repeated until the pipe 
wall is clean. Access openings are made in the pipeline 
at intervals of 90 to 150 meters depending on pipe size, 
line configuration, and condition of pipe.
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2. Hydraulic Cleaning. The hydraulic method of pipe cleaning
is most practical in Iona, eoaa'atively straight rims of 
transmission or arterial mains. The method requires an 
adequate supply of water at a given pressure. The volume 
of water available and the required pressure depend on 
pipe size. The greater the volume of water available, the 
lower the pressure required.
 

The tool used in the hydraulio cleaning process consists 
of spring ocrapers so arranged that part of the water pushing 
the tool is rele"ised th-ough it to flush the scrapings and 
debris ahead of it. The tool usually travels at a xate of 10 
to 30 meter-s per minute. The travel speed is controlled 1y 
regulating the rate of discha-rge 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 the run, 
a cut is made into the pipe and a special line, attached 
to discharge the waste'ater and debris above ground for ulti
mate disposal yo sewers, storm drains, or acceptable runoff 
areas. If the tool canaot be discharged through the dis
charge line, it is stopped in the main and a cut is made in 
the pipe to remove it, Hydraulic cleaning is relatively 
rapid, effeot[ive, and economical. 

3. 	 Meohanica. Cleanir. In pipelines greater than 660 mm in 
dip-meter, hydraulic cleaning becomes less Rractioal, and 
mechanioal cleaning is used. Mechanical cleaning is 
accomplished by an electrically driven and manually operated 
machine with rotating scrapjaig blades which remove tuber
culation, debris, and existing coatings by a honing action. 
These machines are driven by an operator who actually observes 
and controls the entire cleaning operation. 

kininge There are 3 methods of applying oement-.rortar 
lining to pipelines in place: (1) centrifugal method, (2) rein
forced centrifugal method, and (3) mandrel or tate process. 

1. 	Centrifugal Process. After the pipe has been cleaned,
 
access openings are cut every 150 to 200 meters (less in 
small pipes where bends occur). Bends cannot be negotiated 
in 100, 150 or 200 mm pipe sizes. After placement, the
 
lining in these diameters may be troweled; for pipes above 
200 = diameter, troweling is always done to provide a 
smoother finish and the extra carrying capacity that results. 
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Th field equipment for centrifugal lining inoludes
 
a variable-speed. winOh for pulling the lining maohine with 
its mortar hose and elotrio cable through the pipe; an 
electric generstor to supply power to the winch ard to the 
revolving head that dispanse the mortarl a specially
desigmed mortar mixer of the capaoity needed to ensure 
anple ixing tize; and & feeder to pump the nortar to the 
lining wichine° 

Mhe lIing matorial is usudly- a 1:2 portland cement
mortar, and the voluaw of mortar applied to the wall is
 
controlled by the travel opeed of the maichine. A lining
 
thiokmoss of 5 to 20 wi is ooimzn v east iron pipalines, 
but it tay be am little an 3 m. The thinner the lining, 
the aelier the reduction of the original croe-sectional 
areaz of* the piptie 71.. CMtiflgs %Va be aufficiant in 
smaller pipalinez, Th thickaosa of lin for ateel pipe
 
lines depends cmn e-e plate thicknees, and condition of 
the metal, 

In large rainm thet oatain few serrioe taps or lateral 
oamectics, all openinge are pluggae Dior to linig and 
opened after lining I" ten working in the pipe. In lines 
below 400 = diameter, where men ommot work, vxr little 
mortar is thrown into lateral opnirgi, and any obstruction 
at the corporation cook in rmoved IV blowing out the ser
vice lino befora the mortar sets completely. 

Small mains tapped for aervioe lines are usmlly by
passed by a tcaprary above-ground line to maintain customer 
ser7iceo
 

The oost of centrifugal in-place lining depende on a 
number of factors, principally$ pipe diameter, pipe length, 
condition of the linev plan and profile of the lines bends, 
location amd type of v&lves, length of section that can le 
reamed from service during the operation, and by-pass traffi, 
problem-. The greater the length that oan be lined at one
 
time, the greater the production rate and the lower the
 
cost. 

Centrifugal in-pliaoc lining is applicable to pipe 
sises up to 3,650 mm One of its advantages is that the 
line can be placed in se:rioe 24 hours after the lining 
prooess. The process has also been used on newly installed 
steel pipelines. 
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2. 	 Reinforced Lini When pipelines of 600 mm or greater 
diameter are ba&cy deteriorated, it may be desirable to 
reinforce the ceint-.zrtar lining. This reinforcing 
process 0onisits of 3 toeps. ?irot, a course of 
mortar ono.half the final liring thickmess is placed IV 
c-ntrifugul machine, without trowelling. Next, spirally 
mound reinforcing rod ii placed. (The rod spacing depends
 
on pipe site a.nd strength re~quirements of the equivalent
steel area. The size of' the rod v~aries with the size of 
the pipe and the requiraed reixLforoing.) After the steel 
rod is placad, a seond coiorse of m'.rtar is spun into 
place to the final deoired thickneag. The spiral rod has 
2 advantages ovs,• pre' abri.cted cage steel: it requires 
less steel, and it confonms to the inside contour of the 
line. 

3a 	 The Tate Process. T-he mandrel process, commonly known as 
the Tate processi after its &kustralianinventor, cleans and 
scours out enoruztation from the pipe, then lines the pipe 
with cement mortar, An advantage of the Tate process is 
that road opening is kept to a minimum. Only two major 
digging operations take place at both ends of a 90-meter 
section of main, and only small openings are required to 
disconnect and temporarily hypass service coLnections. 
The 	exact location of each service connection is obtained
 
by electrifying the household system and sweeping the "live" 
area with a detestor which tells the operator through head
phones where the connection is located. Customers suffer 
only little inconvenience, with full service restorable 
in 24 hours. 

The Tate prooass can be described briefly as follows: 
At both ends of a 90-meter section, a hole is dug and a 
]1-meter length of main is cut and removed. Flexible steel 
rods to which a wire rope is attached are pushed through 
the main from one end and drawn out from the other. An 
assembly of coil scrapers and steel brushes to scour the 
pipe, and rubber force cups to clean and dry it,is connected 
to the wire rope and this is pulled through about 90
meter section of main from 6 to 12 times, until it is com
pletely olean, A special cament-mortar mixture of a relative] 
high initial water-oement ratio is then introduced into one 
end of the section and drawm ly suction along the 90 meters 
length of main. A "cement gun" which spreads the mortar evenlj
 
over the walls of the cleaned pipe is then drawn through by
 
winch. A smooth lining approximately 3 mm thick is left
 
in the main, excess water escapes through the rear of the
 
"gun", and the surplus mortar is removed and used to put a mal
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ing 3 mm lining in the i-meter length cut from the main at 
the start of' the operation. Thin se-tion is reconnected, 
the road surfaces at the ope ing 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 (WSS) has included these activities as part of its
 
improvement program. A New Zealand-based company which can under.
take these tpes of work is available locally. This firm employs
 
the Tate process of in-place cleaning and lining.
 

Tunnel Construction Methods 

Tunnels for water transmission lines may be constructed by 
conventional or machine tunnelling. Conventional tunnelling in
 
rock formation involves the cyolioal repetition of the following
 
operations: drilling, blasting, loading, and removal of exoavated
 
materials; Installation of primary supports where necessary; and
 
the mixing, hauling, and placing of concrete to form the secondary
 
lining. It is sometimes desirable to defer the installation of the
 
secondary lining until driving operations have been completed or are
 
remote from the lining operations.
 

In the machine tunnelling method, a tunnel excavating machine 
is employed at one tunnel face simultaneously with conventional 
tunnelling at the other face. There are many variations of mechanical 
rock excavators. Most adopt the same principle in which the machine 
bores a pilot hole into which An expanding "packer" is placed to
 
form an anchor by which the machine pulls itself forward, enabling 
a larger rotating cutter head to bore the tunnel. The cutter head 
may be moved forward from 0.5 to 1.2 meters within the frame by 
hydraulic jacks. When the cutter has been advanced to its full 
distanoe, the cutter head is retracted and then the frame is pulled 
forward and locked in place .ready to begia 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.
 
TunneJ. excavations are normally electrically powered. Excavated
 
material is picked up Iy a series of revolving buckets, discharged
 
into a belt conveyor and carried to rail haulage trucks. A tunnel
 
driven by a mechanioal exavator has a smooth bore as contrasted to
 
a jagged, broken rook surface that results from conventional tunnel
ling methods.
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TMi ( f kni-eln by 'ither e.onventionai or machine 
tuxrtlflint, vxnud Jn ovt iln ~ra'ur ox* tho raterials and conditions 

*n~n~ied~ ~ bt&Sd iiih a high degree of~~:i.r ~ 
e~hnistio ~xd ~ t~, r =,id aii axiv. outed procodure, On 

tho other altho".h may be slower,hvkM it 

~ ~ ~V ~ ta--tino irwly I;& 0o3iiied linto 
de*~wal~pm~- ~ ~ purping do.-tjcine nd mav oa~r 

nnpn;% tutM z Th - type %tyto inrital led as pp't of a 

C .- 'i.:Z.-rfl"L P.-tu~pa the Rjoat C~oimny used'i,,ti, axi 
rupr uniix iL 'irm F i~z'oeri mWy be 
eeutprio rx-*4t org or other~ ouitable enrergy 
sou-" whioh e-v cvi -.i-rd powere Beoause of the~ir ro

mot(;V8 ars the t''~-i Jioric p4-war is available at 
xwiaoable coote r~~mpa be uned for operat ion Iqy.~ oan 

ix~ :L~~ ~ ~ujaly Ixonisd in a structure that 
Will t~~:~ i ,isr an(d aeourity from theft, 

tar1,;0rng C-e' ~idwith the neoessry giUC,
tivrk akud 4i* j.4s~'ii contrele, *amd a metering
uyietai with 8uital.MIfidii' totusiising ard recording facilitiese 

Att~nt!.cn iv 'rf gir. at.-ox- h&r. 

Tlh~a iVt-.rA wilie, a1 the pMAP&S an~d appiirtenarAt equip
"Lt J flE- Ict ;ijilI.. aviable umasoiryq wood and1 reiui

foror-iooce4 (roztI(2Tht Iii imstalla-tiona, deep well pumps3 L,rA 
rZajjped Wdthl raot provrided w~ith puaphouses* 

vava zxr~ ov 
pousnible. 

6261t ant aut ironi pipeas wherever 

De. ~el . ~ cf doo wel L =pi ini cmo(n3 lue 
-rthedeep r&n~~t' amd the wubaerEible (or "ubtorgible) 

dezp wll pump. ~The irot tj~ cousiate of impellare in series 
1-untalled below IVIo ziiniu odwater levol during pu~mpig* 
Uo..h impeller iii~ in ,- hi:u:iiig or boiv1 and is oulled a atavs. 
zhj) ruber of stago nc~emr for any given inatallation depends 
a~n the he&A tkiat aui t-~ oat develoy at a given pumping rate 

aktw thts tol'tI;ampn h~&J Power is trasmtted to the ippellers 
Uah%=h nsuitabiz r ast~j~ria wcvor unitally iustailled at the 
gonnxd uurfface 
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The auhmrible deep woll p-a.p is usually equipped wit.h an 
electric mutijr drive. In this type the motor is installed in the 
well itneif., 

Boos-ter Pi nSttin., The mcvt widely used type of pump 
for booster pumping stationsa, whether in l treatment plant or in 
a distributicn system, is th 'r~rituga] pump. A centrifugal pump 
consists ess-entially of a rotatit.. impeller which draws water into 
a center and a statie,7nary clsing wAhich guides the water into the 

dischawrge outlet. Advantagoe of the c;entrifugal pump include ease 
of operation and rupair, low- F.V.arting -orc-e, increased output with 
pressne drops or vice-verna, and smooth flow and uniform pressure. 

In the the ,&xfacti.-e of centrifugal pumps and 

motors is still in its infanckyi For moat waterworks projects, 
it in anticipated that pumping uri'ts will be imported items. If 

Philippine-oanufact ure-I equipnent with the capability, efficienoy, 
ad quality deoired become available in the future, local product 
should be considered in the -f---a.l design and construction phases. 

Prilippinea, sa 

Raw Water Pming Stations 

Raw water pumping s;ations, as used herein, are intended to 
mean pump installations thuat draw water from a surface source such 
as a spring, river or lake. Such pirping stations are similar in 

many respecto to booster pmipi " stations but may include some 
features and facilities not no-i-_-.' needed in booster stations 
such as intake soreens, protecLtion against flood waters, etc. 

In the '"hilippines. water -+torage. tarks, both elevated and 
ground tanks, are usually conm t-it.ue oI either cast-in-place rein
forced concrete or steel. 11cestressed concrete tanks, although 
gaining in use and popularity in other countries, have not been 
used in the bhilippince. Tho x1lative economics between reinforced 
concrete and steel tanks depeid somewhat on the tank size and tower 
height for elevated tanks Qonsr lly, in the larger sizes, rein
forced concrete tanks are more ecxinnaical than steel tanks unless 

steel plates and other foreigii-o-e components can be imported tax
free. In smaller sizes, the cenntruction costs of steel tanks are 

comparable to that of reir'oroed concrete. However, maintenance 

costs of steel tanks are generally higher. This factor cAn make 
the total annual costs of steel tanks greater than those of rein

forced concrete tanks. 
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Water Treatment Plants 

Wataer that is to be used for driinking and prublic. water supply 
purpoee nout tisfy certain miniiim,; -ai p]ty reqvtirements with 
respect to tmfety potabilitivj T ') Uale~r is coubjocred to treat
ment to ujgrade its quality jfiLl -ot wet pia-scribed or desir
able standarda. As a genera2 rli all viter Iro- gurface sources
 
such as riverso srea.io azd e;hcuU,.Al.l; airkm:mn be given

tcomplete" treatmufor to minimize 01e. fCrow vatux-bone 
diseases. 

Modern complete watb r tratncL.t pl1- .tc 1mploy the processes
of flocc dioni .......I. a.-d ,d4ainfoction. Other 
additional tratment Et-ay b g ,&: .- on tho aulality of the 
raw water av t~'.c~r 

The~rm~onof a or 	 plt~nt p_-ovidingiilo 	 ant 
at least cormhplete treatment it ; 	 ,ili require theor wqivont 

building of cvoloiponeatv ;11 ' a tradesmen
u i.iz.i.rjg nulitude of 

skilled in specific fieldsf Th rr:jci. coIItIitio; fields which
 
must 'be utilized to build the ireatm.:3uti 'Ant include:
 

(1) 	 Ceneral e truction c:A*i:!ting :: all earthwork, rein
forced concrete vork, ctvil works, and [vildxibg cons
truct ion, 

(2) 	 Mechaiicll uork consisting of installing puMps, motors, 
treatment pleat equipment such akm mechanical feeders, 
sludge collectors, emergency genexatore, and other 
procasQ mechanical equipmeoid A].os all large.size 
flanged pipes and valve. s required within the plant may 
be installed hby the specialty. 

(3) 	Electrical work of general#-on.i)tin wiiring of the 
entire plant for lighting and powor. The furnishing
and installation of simple controls, instrumentation 
and commlunioations eqmayp naL included asent :'lo be 
part of the eleotrical te.,orlzs contract., Whor such 
equipment are oomplicated and ertonsiveo it my be 
desirablo for this uork to I-A, vu'-derta-ken separately 
from the general electrical work, 

(4) Pipeline and plumbing torh-,- including pipiAQg for the 
iz-plant water syatem, ziartary sewers storm draine, 
and building plumbing. 

With good construution supesrisior, all this construction 
work can ho done by qualified Philippine contractors. Special
material and. equiipment for the plaut wil. have to be imported. 
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OUTLINE SPECIFICATIONS
 

Sprin Intake Structure 

All spring intake structures shall be constructed of re
inforoed 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 vs.1ve(s), over
flow(s), vent(s), drain(s), covered access manhole(s) and other 
necessary appurtenances and site works. The intake facility shall 
also include a weir or other suitable device for flow measurements;
 
security fencing; chlorination facilities (if neoessary); general 
site improvement including drainage facilities for possible surface
 
runoff; and an all-weather access road. Reinforced concrete cons
traction, piping, fittings, valves, and all other materials and
 
attendant work shal]. conform to LWUA Standards. (The water die
triot shall acquire ownership of the intake structure site.)
 

Hydraulic Control Structure
 

Hydraulic pressure control structures on transmission lines
 
for dissipating excess energy shall be of impact type in which pressure 
dissipation is accomplinhed by the impact of the incoming jet of
 
water on a vertical baffle and by eddies or turbulence formed from
 
the directional change of the jet after it strikes the baffle. The
 
hydraulic control chamber shall be construo~ed of reinforced con
crete and shall be covered. It shall be designed such that it can
 
handle the design maximum flow. The chamber shall be provided with
 
the necessary piping, overflows, and other protective devices. The
 
work shall include general site improvement and security fencing,
 
if nenessary. (The water district shall acquire ownership of the
 
land on which the control chamber will be built.)
 

D and 42Ea'tenanos 

The construction of dams and. appurtenances shall be performed 
by firms and personnel experienoed in this line of work. The Con
tractor shall furnish plant and equipment which will be efficient, 
appropriate and large enough to secure a satisfactory quality of
 
work and a rate of progress which will insure the completion of the
 
work within the stipulated time.
 

The dam construction will include the main dam structure, upstream

and downstream cofferdams, tunnels, diversion channels and spillway.
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The zoned embankment dam will consist of a vertical core 
protected by filter and transition zones, and rolled rock-fill
 
shells. The upstream face of the dam is protected by riprap
 
againat wave action*
 

Haterit la for the dame shall be a, doeir.ad and specified 
and shall be obtained from designated borrow areas, excavations, 
or manufactured from rock obtained in required excavations. 

The aroeas to be oocupied by -the required permanent construot
ion and thz nurfr'acs of all b~crrow pits ah~ll be cleared of all 
trees, si'rpn, exposed roots, bruoh, rubtish, and other objeotio.
able matter. Facavation shall be made to the specified lines,
 
grades, and dmonsions. All necessary precautions shall be taken 
to preserve the material belo- and beyond ;he established lines 
of all excavation in the ,3oundest possible condition. All excava
tions for embankment and struotuire foundations shall be made in 
the dry. 

The diversion tunnel shall be conorete-Iined. The portal

sti-oturo itill be provided vith a clot for installation of stop 
logs for closure of the tunnel. The spillway will consist of an
 
ungated overflow concrete structure and a concrete lined chute.
 

The raw uatei- intake will be multi-ported and constructed of
 
reinforced concrete.
 

Diversion Da s 

11e construction of the diversion dam shall be performed by
 
firms and personnel experienced in this line of work. The Con
tractor Phall exorcise care ,o preserve the natural landscape 
and shall conduct his construction so as to prevent any unneces
sary destruction. scarring, or, defacing of the natural surround
inga in the vicinity of work.
 

The Contractor shall oonstruct and maintain all necessary 
coffordame, channels, f'lues, 6rains, wumps, and/or other tempo
rary diversion and protective wrks; shall furnish all materials 
required therefore; and chall furnish, iartalv maintain, and 
operate all necessary pumping and other equipment for removal of 
water from the various parts of tbe work free from water. 

All concrate work shall bo in accordance with LWUA standard
 
specifications amd supplemenxtary specifications. 

Access and Service Roads
 

The construction of access and service roads to water supply
 
facilities shall include all necessary clearing and grubbing, ex
cavation, fill and backfill, roadbed preparation, installation of
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base course, smrfaoe finish or paving, bridges, and all drainage 
struotures and facilities. The work will involve improvement and/ 
or extennion of existing roads and the construction of new access 
and service roads. 

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

Wakq D: nion Pigalines 

Raw and treated water transmission pipelines may be constructed 
of cst iron, ductile iron, asbestos cement, steel or prestressed 
concrete (with steel cylinder) pipe. Soil and corrosion studies shall 
be conducted prior to the final selection of pipe material. The trann
mission lines shall be equipped with all necessary valves and appurte
narces uch an shut-off and sectioning valves, air/vaouum and air re
leas valvesa blow-offs, inspection manhole, expansion joints, flexi
ble coupling, anchorages, thrust blocking, and surge arrestors.
 

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

Ductile iron pipe shall be manufactured in accordance with AWWA
 
0151 "Ductile Iron Pipe, Centrifugally Cast in Metal Molds or Sand-

Lined Molds." Fittings shall be either cast iron or ductile iron
 
conferming to AWWA C110 "Gray Iron and Ductile Iron Fittings, 2 Inchen
 
through 48 Inches." All pipe and fittings shall have a cement mortar
 
lining and bituminous seal coat on the inside in accordance with
 
AWWA C104 "Cement )FortarLining for Cast Iron and Ductile Iron Pipe
and Fittings." 

Prestressed concrete cylinder pipe shall conform to AWWA C3019, 
"Reinforced Concrete Water Pipe-Steel Cylinder Type, Prestressed." 
Fittings shall conform to the specifications for cast iron, ductile 
iron, or stee pipe. 

In genoral, all piping shall be designed for a minimum working
 
pressure of 10.5 AkN!qcm (150 psi). The pressure class of fittings,
 
uouplings, apecial castings, and valves shall be at least equal to
 
the pressure class of the pipe to be installed, Joints shall have
 
the same or greater strength than the connecting pipe.
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Shut-off and sectioning valves shall be either gate valves or 
butterfly valves, depending on the si.e and other factors. A sut
ficient number of air valves shall be provided to insure full pro
teotion of the pipeline, 

All pipeline installation shall be in etrict oonv.ormanice with 
applicable AWt and/or LA Standiards and with the respeotive mam
facturer's instruction and roommendations. 

Wter Treatment Pla&L 

Water treatment plants dosigrnd -to protrido complete treatment 
would generally Include faoilities for chemical Mixing, flocculation, 
sedimentation, rapid sand filtration, post chlorination, chemical
 
storage, backwash:ing- treated water niorage, and wasto washwater and 
sludge disposal. 

Chemical mixing chamber , f c .:wlation and siedimentation tanks, 
filter boxes and treated watar .torage tanks shall be constructed 
of reinforceL conc.ve-t. 

Filter materials shall conis;l: of filter sand and anthracite
 
oonforming with epecifiod . dith ri,spot to composition 
and grading, For each filter, the necessary control valves, rate of 
flow controllert lose of head. ga_ flow; moter ard recorder shall be 
installed.
 

Instrvnntation shall inolude suitable equipment to vary chemi
cal feed rateu in proportion to flou.
 

Concrete work, yard and :in-pa&nt piping, &nd painting work shall 
be in accordance with LWUA Standard Specificatioas and supplementary
 
epeoifications.
 

Piling (if required), structural. Vtfel, architectural works,
instrumentation and eleotrical works, mechanical equipment, and all 
other items not covered by LWUA itandsid shall be constructed as 
specified,
 

Ad~jniatration Buildigg
 

The construction of administration buildings shall be of the 
materials and workmanship called for in the drawings and speoifioa
tions. The administration buildnE will generally consist mainly
of offices but may include a water analysis labozatory, meter test
ing and repair shop, general work nhopt and storage facilities.
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Items of -dork shall inolude site preparation; foundations; concrete 
ad maauonry work; roofing and metal work; carpentry and joinery; 

plumnbing, versiilation, and air-conditioning syntems; lighting adL 
power tsrytez; arohiteotuial ard other special finishes; painting 
uork, lazdsoapirg and general site improvement work. Applicable 
LWUA Standard Speoifications shall be employed in the construction 
work.
 

Deep isell construction shall include the furnishing of all 
mterials (ecettho2e that may be furninhed by the Owner), eqip.-

Mont, tools, lalor ani all appIteaneoa and inoidental work for 
eonstruotiot of the deep wells. The work shall include drilling; 
installation of "empcrary caning, conductor pipe; well screen; 
developing a testing of the well; gravel packing; grouting, well 
completion and disinfeotion; and site work and olean-up. 

The well shall be drilled usimg the cable tool (percussion) 
*ad/orrotary process, or other process acceptable to and approved 
,-the Rginoer. K-,-ll casing and/or conductor pipe shall be of 
thn ,iometera tm'erials and class specified, or better. 

Tbr gravel-packed wells, only clean washed gravel composed of 
"il rounded paxtioles and of speoified grading shall be used* The 
prooedure to be employed shall be as approved by the Engineer*. 

The topost 1 metors of the annular space between the conduetor 
pipe aznd hole shall be filled with cement grout. The mixtures, me-
Ihod of mi g and consisteney of grout shall be as approved by 
tho Roiter.' 

Developing of the well shall be done with care and by methods
 
will -hatnot oause damage to the well or cause adverse subsurface 

corditio- that may destroy barriors to the vertical movement of 
i ter between aquifers. Upon completion of well development, test 

imrp-ng a.hall be done in accordance with a test procedure that will 
be i-tnishec to the Contractor by the Engineer. The pump shall be 
operat l cntinuousl y for pecified durations and- pumping rates. 

~iidicelyfollowing satisfactorT construction and development, 
m,1oof the woll water :shall be collected end analyze it a labo

-tory arcceoptable to the Owner. 

Alter completioxn of all construction, developments testing 
and relate Twork at each well aite, all equipment and resifual 

~atriae xhall bo removed from the site. The rsite shall then be 
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restored to a conditicn as nearly as possible to that which existed 

before the well construction work, unless otherwise specified.
 

Flow Meters (Mainline Meter,_) 

Plow metere f.- uainlines shall be differential pressure-type,
propeller meters, c, Aher suitable and acceptable devices. Diffe
rential pressuro-type meterk may be venturi tubes, Dall flow tubesa 
orifices or nozzler; The flow me-ter shall include suitable instru
mentation for reriie indieiting, recording and totalling. Flow meter 
and accessories shall be prod t-io of reputable manufaoturers that 
have mamfaotured such devioes for fluid measurement for at least
 
5 years.
 

The venturl meter tube shall be of standard or long form de
sign, the included angle of the outlet cone being approximately
 
eight degrees. 
The tube shall have a body of high tensile gray iron
 
or close grain, high tensile iron. Both inlet and throat shall have
 
integrally cast annular pressure chambers with multiple, even spaced
 
vents communicating with the interior of the meter tube.
 

Propeller-type meter shall have the same nominal inside dia
meter throughout its length to offer minimum obstruction to the
 
flow. The meterhoad shall be connected the tube byto means of a 
flanged connection, designed for easy removal from the tube for
 
inspection and repair. 
The meter shall be furnished with a propel
ler of plastic or other a:table material mounted in the meter tube.
 
The meter shall register within 2 percent of the true flow of water
 
at all flows within the minimum and maximum ratings. The propeller
type meter shall conform to AWWA C704-70 "Standard for Cold Water 
Meters - Propeller Type for Main Line Applioatioim."
 

The flow meter shall be designed for a minimum working pro
sure of 10.5 -kg/sqcm(150 psi). Range of flow will be speoified

by the purchaser. 
Ends shall be flanged 250 lb American Standard
 
unless otherwise specified.
 

De Well Turbine,Pop
 

Deep well turbine pump shall )e water..lubrioated, line shaft
 
vertical turbine pump, electric motor- or diesel engine-driven or
 
both (dual drive), as required. Pump characteristics and operating
 
conditions will be epeoified for each particular installation.
 
Pump shall :onform to ANSI B58.1 - 1971 (AWWA -E101 71) "Imerioan 
National Standard for Deep Well Vertical Turbine Pumps - Line Shaft 
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and Suhmernib!e T7ypes." Diesel engine and aocessories shall con
forz -t t.t FariotioxIdiesel fnine, modifiedfe_ oxoept as 

herein,
 

For imot oi-driven pui .p the D.otor ohall be ful vo].tage start
ing where the electric 1 i:a.system capoity and regulations permit;
otherwise tho motor shall be star-delta starting. The motor shall 
be vertic+;! io&h i ncqrirrel cage induction type complying with 
ANSI 050f.2, The motor he of atepia. oize drive the pumpbeall to con
timousy over the peocifie4 ranso at the ambient temperature, with,
out the le d e-ii the e-rvice factor, Motor operating charaoter.
iatiCM3 J- ; froqseoy, speed) ani control and protectivea ph,:os 
devieei 0.hf_ atppeoifi. castbe, as A tsaitble base of high-grade
iron .. stee.l h....be provikded< for mounting the meter, 
and L-it1 i *, having above-ground discharge outlet with 
comkanion flange.
 

W a1. r.rivo ihe power shall be applied to the pump 
shaft through a right ar Ie gear set. The horizontal shaft shall 
be oo.nr.,1 0othe engine by a flaxiblz-ahaft coupling. 

Pump Ilwila irpeller plump shafts, line shafts, discharge
oolumn aa-bly, strainer shall conform to ANSIsoticn pipe and 
B358.1 - ,9 i,
 

A grutable air line of galvanized iron pipe or oopper tubing

of aff-ciiu. longth to eiterd from the riurfaoe to the top of the 
bowl aasembly shall be ff.Urniehed with altitude gage reading in meters 
and connections for air purnp, 

The paump and prime movers shall be prduicts of reputable manu
facturers who have been 'egielarly engged in the manufacture of 
these equipment for the last 5 years. The manufacturer shall, if 
requiredt funish a sworn statement that the equipment f rnished and 
inatalled comply with the reTairments of the applicable standards 
and the sp-oifioation, The equipoment manufacturer/supplier shall 
furniah ihe aen-vcks of conpetent persoznel to supervise the installa
tion and testing of the equipment,. Spare parts, operation and main
tenance miana.lse sha!i ba providedo The pump equipment and controls 
shall be housexd in a aLitable peroanent structure that provides
proteotion from elementsq damagae or vaondalism. 

Sb sersible deep wel pump shall conform to ANSI B58-1 - 1971 
(AWWA E1O --71) "Amerioan National Standard for Deep Well Vertioal 
Turbine ThmpE - Line Shaft and Submorsible types," Operating 
conrli-'ioiw, and requirements will be specified for each particular 
installation.
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The motor shall be of the squirrel cage induction type, suit
able for acro the-iine itarting and shall 
be capable of reduced
voltage satrt:ing. 
 it shall be capable of oontinuoua operation under 
water at the specified conditions. Motor operating characteristics
 
(voltage, phase, frequenoyl speed and control and proteotive devices)
 
shall be as specified,
 

Submereible cable, eurfaco plate, strainert discharge pipe,
 
pump bowls, impeller* ha!l 
 comply with the requirements of current
 
ANSI B58.1.
 

The pump and accessories ahall be products of reputable manufao
turrs who hav'e been rogular1y engaged in the mantfacture of these
 
equipment for the last 5 yeaRs. The m.anufacturer ahall, if re
quiredg fr-_._ii a !orn statement that the equipment furnished and in
stalled comply with the reqairements of the applicable standards and 
the specJ f-!catiens* The eqaipment enwffacturer or supplier shall fur
nish th, - ices of ompeotent personnel to check the installation
 
and testing of the equipouent. Spare parts, as specified, 
 and opera
tion and maintenance 
mauals ohall be If.rnished. 

The 61-in' shall be of the vertical in-line, or V-type multi
cylinder, full dieselt meohanical injection, heavy duty rating type.

The engine may be either 2- or 4-stroke cycle and shall have speci
fied rota"ve spe(4 and piston speed. 
It shall be a model which
 
has been in satisfactory operation in eimilar service at 
the same
 
or higher rating a&nd epee for at least 5 years. The engine's con
tinuous duty rating;, after deducting power consumed by all engine
driven auxiiliarien, shall be not less than the horsepower required

to operate the driven equipment at its po.Iuified full rated load. 
The engine rating shall be adjusted for operation "t specified con
ditions of elevation and ambient temperature, 

The unit shall be furnished for battery starting. Starting shall 
be accomplished by a 12- or 24-volt electric starter, as recommended
 
Iy the manufacturer, which shall be capable of withstamding 5 minutes'
 
continuous cranking.
 

The diesel engine shall be furnishd with complete fuel system,
lubrication system, governor. safety devices and controls, engine
instrumeniation, cooling aystem, exhaust eystem and accessories as

will be specified. Accessories to be furnished include starting

battery, automatic battery charger, rmafaoturar's standard1 spare
parts, detailed operating and maintenance manuals and parts lists,
complete set of gaskets and apare set of matched V-belts, and one 
spare set of fuel injectors. 
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Diesel Generator Unit
 

The diesel generator unit shall be complete with excitation 
system, controls, steel sub-bases, 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 17nit 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 f*1e. oil. 

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

The generator shall be especially designed for direct connect
ion to the diesel engine rnd shall be for the -pecified phase, fre
quency, and voltage. Tropical insulation with fungus protection
 
shall be provided. Each unit shall be properly screened to prevrent
 
the entrance of rodents. The complete generator unit shall be frco:,

from critical speeds and torsional vibration thal will endanger it
satisfactory operation, or cause undue vibration in ay part of the
 
equipment, throughout its entire operating range of speed and lo..Ld
 

The generator control pane] shall be either shock-proof and 
mounted on the gemerator unit or a f-ree stading enclosed anit for floork 
mounting adjacent to the generator unite It shall have at 1sct the 
fo]lowing ins tramentation and oquieient: AC voltmeter, AC ammeter, 
frequency meter, indicating ic0 meter, combination aenoter-voltnoter 
phase selector switch, 3 role line circuit breakers of E-aitablo aper'
age, and elapsed -running time meter, 

Chlorinatin tem 

Chlorine gas, in 150-lb cylindor or ton containers, whichevcr 
is most suitable for the particular installation, shall be employed 
in all chlorination stations. (Hypochlorite solutions are an accept
able substitute.) Chlorine solution shall be added to the watc- -o
 
be treated throag-h chlorination equipment and accessories specif.icalil
designed and suited for the purpose 

Chlorinators shall be the vacuum-oparated, solution feed ltopi
which meters the chlorine gas under vacua and dissolves it ir. 
fo.ming a concentrated solution that is then injected into the wi.ter. 
Direct feed chlorinators will not be Permitted.
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Chlorinatora may be d. -- eotlyJoute Ai150-11) cylinder or ton 
container, wall- or floor'-mounted units. Models of a design that 
perm-it e C.1i? the owpaoi-ty by replacement of 4 component such as 
the flog m:,te i li be ' othose with fixed maximum capa
city. The chlorinatcrs sh).il also be of a design that will permit
either mank-•l or automatio operation, the latter with the use of 
auxilixa.y, equipment, At 1-zt 2 tunitr. 21-!l2 be provided and in
stalld. one uerving t stend-by. The completed installation shall 
include all neosary pipingt valvea, ontrols and acocessories in
cludin.- 6lorinu sealck gnr askE, and s lctak detection and alarm 
systems.
 

Ch'oriu -s an acdsjxie ahall e hoeuced in a separate
 
building or rooms specially designed fox- the eqvipient and their
 
functiona., (The site for the chlori.nation faci]itios shall be ao
quired by th ditriot nd -nec-asary improvements and protective
 
features ahall be inoorporatad.)
 

Special caro shall be taicen to ensurs that all equipment are 
insta2loki in proper aliig.nnt and ievel. This applies to, but is 
not limited 4o, pumps; ,Livo units| gears; sluioe gates; mechanical, 
electrical, instrumentation and oommunio-tione equipment; and their 
appurtnac4,s. Equipment ¢ontractors will be required to supply
the necessary anchor bolts, d"Iawings and templates of anchor bolts. 

The Z~neral and equipment contractors shall be responsible for 
the equipment they oupplyi !.hey shall use only competent personnel 
and appropriate equipment nboosuary to properly align, level and 
secure equipment in place. 

The installation of tbh: major equi ent spec ified in the Con
tract shall be parfo-nad under the supervision of competent repre
sentatives of the m'ufactnrs The manufacturer's representative 
shall t.o only superii~e thie installation of the equipment, but shall 
also supervise the adjustments and testing of the equipment to in
sure that it will operate in a s-tisfactory mainer as specified or 
intended. T1hose rep atives shall z,_Ico instruct personnel and 
mechanicz of the Owner in the oeration, cam.u and maintenance of the 
equipment. Complete uot4 of operating ai'e maintenance instructions 
shall be furnished a6 requirved. 

The Co lractor sall. oubmit a crtificate from the manfacturer 
stating that the inataliation of the equiprment is satisfacrtory, that 
the unit is ready for operatioi%end th-at the operating personnel 
has been =fficiently and thoroughly instructed in the proper opera
tion, lubrication and care of the unit, 
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Installation of deep-well vertical turbine pumps is particularly 
critical if long servio-free life is to be expooted. Installation 
should only be done by experienced personnel following specifications 
of ANSI B58.1 - 1971 (AWWA El01 - 71) and paying particular attention 
to etraightness of line shafts and proper alignment of all parts. 

BoosterjNmp Stations
 

Booster puxmp stations shall be designesid and constructed to 
comply with established criteria and standards of the LWUA as well 
as other raquiromenta peculiar to each site. Booster pump facilities 
will Venerally a onaist of p'iiphouse, ptwp units, suction and discharge 
piping oontrol valves, gaugeo, flow meter and recorder, control and 
protective equipment, site works and security fenoing. 

Fump unit8 shall ba centrifugal, turbine, or submersible type. 
Centriflqa-aud turbin-type pumps shall be either electric motor or 
diesel engina-driven. Submersible booster pumps shall be motor dri
ven. Each pmmp shall have optimnwu efficiency at the specified duty 
point. Yotors for eleotrically driven pumps shall be of adequate 
horsepower for the full operating range of the pump. 

Storage~ Tak 

Elevated and ground storage tanks shall be generally constructed 
of reinforoed concrete. For small capacity elovated tanks, steel 
tanks on steel towers way prove to be more economical and should be 
given consideration in the final design phauo. Oround tanks may be 
circular', retngular or other shape acceptable to and approi-ed by 
the Owner. Tanks shall be designed in accordance with applicable 
national and local structural and sanitary codes. It shall be struc
turally sound with ample provisions for wind and/or seismio streasses. 
Concrete and reinforoed concrete work including waterproofing, dis
infection, painting, and all other incidental work shall be in strict 
compliance with LTA Standard Specifications and Supplementary Speci
fications. All tanks intended for storing potable water shall be 
covered and watertight. For both elevated and ground tanks, avail
able LWUA standard tanks shall be used to the fullest extent possible* 
Necessary piping, valvs and acoessories for operationm, maintenance 
and safety shall be provided, Piping shall include inlet-outlet, 
overflow, drain, and venlt Shut-off valves, check valves, automatio 
flow control valves, water level indicator and instrumentation 
shall be provided as required. 
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Diatribution &yeten Piping and G;oi!1oentsq 

General rcquire .atp with reon6ot -to mpaterials, installtion 
and other appurtenant work for, water trans-mmission pipelines are 
applicable to distribution system pipelines. Other distribution 
system components, incldiAg fire hydrauntoz iorvio conneotions 
and oustomer tater meters, shall Ie ino-;alled according to LTUA 
standard detaila and standard specnifiaotions.
 

Pipe cleaning and li ng shll inolurie all m.terials, labor,
eqnipment and all incidental work ty and line "heto elean 
interior of pipelines in-situ and reatoro the pipelines in ner
vioe. The wck shai be p ,rfore:I bF trained workmen under the 
supervision of pereonnel experienccd caid oompcetent in this parti
oular line of work. 

Interior linizj)g shall be ola.t- ,-ax' The ini rior of pipes 
to be lined shall be thorot ghly olewie4 of all racto enorurtation,
dirt, oil and grease and rther foroign mnatter, Noceboar repairs,
inoludi, replacwent, sha1i be .de to ipipe iectione that are 
severely deteriorated and/or corroded. Any section of pipe that 
shall be cleaned and lined shall be reatorci t. saviae in as short 
a time ac nossible, preferably within 24 hours. 

All work shall be pe--formed in accordance vith AWA Standard 
C602-67, exoept ans may be rxoified in the specifications, T.Ii work
 
shall include all zxoavation and backUill; installation aid reovidl
 
of temorary by-pass pipet serv.:*.oe connections, plugs, and closure 
pieces; making, and closing required access opening; surface res
toration; clean-up and disposal of debris and other waste materials. 
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APPI11DT P 

MANAGEMT OF GROLUIDWATER RESOURCES 

The basic problem in wter resource management is preserving 
the primary water sources for permanent use. Measures must be 
adopted to preserve their usefulness.
 

The flows of surface water sources should be continuously 
monitored under existing procedures of the Bureau of Public Works, 
Water Resources Survey Division, and in coordination with the 
National Water Resources Council (NWRC). Catchment areas should 
be regularly monitored to prevent excessive population settlement, 
deforestation =nd other activities which may be hariniul to the 
quantity, quality or rate of flow or runoff from the area. 

A continuous program of monitoring spring flows and rainfall 
records should be introduced. This will determine the variations 
in the spring performance and water quality, which may indicate the 
need for maintenance and other corrective measures. The analysis 
of the records will provide data on long-term groundwater resources 
that can guide future evaluation.
 

Map-agement of wells should include monitoring program of flow
 
rates, pumping timei, .mmping water levels, static water levels and 
water cuality. These records should be maintained on a daily basis. 
Water quality analysis, consisting of parameters established by the
 
Philippine Drinking Water Standards, should be performed at least
 
once a month.
 

In the case of any springs used for municipal water supply,
 
the water diutrict must control the recharge area to prevent
 
water diversion or other practices leading to lowered infiltration
 
rates, It is also essential that pumping of well water be con
trolled to prevent lowering of the water table and consequent re
duction in or complete loss of spring flow.
 

The node-path network shown in Appendix Figure P-I illustrates 
the development and transmission of water quality monitoring and 
flow gaging data from the ground or surface water source to the 
level of management decisions.
 

Nodes I and 2 represent functions to be performed by the water 
district 'Tese two functions involve the actual field sampling 
and laboratory analysis and the recording of data in field and 
laboratory notebooks and eventually computer input file forms. 
Node 3 represents the storage function. Data may be stored di
rectly as field and laboratory notes, then published in monthly 
reports and copies sent to LWUA and NWRC. One of the future plans 
of NWRC in to computerize its data system. 
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The disseminating node, representea as 4, involves the re
trieval from the NWHO computer file or copies of field and labo
ratory notes, annual, monthly, or other periodic reports and
 
summaries. The processing node, 5, represents data mummary by
technical personnel and conaultants for derivation of water
 
quality/quantity relationships, for the definition of long-term
trends, problem areas-, and derivation of alternative solutions 
to water quality/quantity problems. This leads to the decision
making step, 6, wherein planning decisions are made and based 
on sound water quality/quantity knowledge. 

Updating and reviaw or the sampling program should be per
formed by the water district and their consultants as the goals and 
needs of the area change. Thev:c agencies should be responsible
for maintaining communication among all the involved agencies. 
All data and information should be routed through LWUA and NWRC. 
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APPENDIX Q 

UPDATING THE WATER SUPPLY XASTER PLAN
 

After the water supply master plan has been adopted and
 
initially implemented, it is necessary to undertake a program
 
for continuously updating and keeping tho plan current. Plan
 
updating should take place at least once every 5 years, or sooner
 
if significant changes occur. Updating is required to assess the
 
effeotiveness of the current plan; the benefits gained; the actual
 
coste; the problems encountered; and to provide overall review,
 
refinement, and direction for the fPture.
 

In time, certain aspects of the plan "ay change. These aspects 
are directly or indirectly related to the following areas; techno.
logical changes, social goal changes, land use concept changes, and 
population projection changes. 

One of the first steps in the updating procedure is to deter
mine to what degree the previous plan has been implcmented and the 
direction of implementation. This step has a dual purpose. First, 
it will reflect the basic suitability of the original plan and second, 
it will serve as the basis on which to update the plan. Technological 
changes in the water supply field may result in improved design ori
teria and contemporary construction methods, enough to alter the alter
native systems analysis results. Social goals will undoubtedly change 
and there may be more or less emphasis on environmental and ecological 
control.
 

The use of land may change in some areas thereby altering popu
lation distribution and the need for previously unplanned-for-vater
 
services. Population projections may also be altered as refined
 
information becomes available. Transportation networks and employ
ment opportunities will be major determinants in the patterns of
 
population distribution.
 

An updated report should contain sections or chapters similar
 
to the current plan. The first chapter should be a sumary of the
 
updated findings, conclusions, and recommendations.
 

The second chapter should include the objectives of the updating
 
exercise and the major events that lead into the need for updating.
 
The third chapter should contain an updated description of the stu4y
 
area, 

The fourth chapter should include the implemented facilities of 
the master plan, deviations thereof and reasons for the deviation from 
the master plan. It should include present updated water use and 
source flow data and should describe water quality problem areas. 
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Data concerning former water quality problem areas should be assessed 
to find what improvements have been made and to document any need for 
additional improvement. These data should have become available through 
the recommended monitoring and surveillance program. 

The fifth chapter should present new planning and design criteria 
that may evolvo after the master plan is adopted. 

The sixth chapter should contain the projections and future con
ditions. In the areas of economic and demographic change, a review of
 
all updated projections should be made to compare them with the pre
vious plan. Where significant changes have occured, the data should
 
be used for an updated alternative analysis.
 

The seventh and eighth chapters should contain a re-evaluation of
 
water resources and alternative systems. Where significant changes

in projections of future conditions have taken place, it will be neces
sary to re-evaluate the economic comparison of the alternatives.
 

The ninth chapter should explain in detail the updated plan. In
 
the area of economic and financial feasibility analysis, re-evaluation
 
of the internal rate of return as well as the rate structure should 
be made. 
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APPEDIX R 

ENVIRONMML ASSESSMENT 

A. GENERAL 

The consideration of certain environmental factors has been 
a necessary part of the decision-making process in analysing a 
project. On a macrosoale, the project is a means of controlling 
and providing one envirnmontal asset - water - for the needs of 
people in a developing community. 

To provide basic water supply, the project will involvo the 
installation of deep and/or shallow wells; diversion or intake 
structure; treatment facilities; distribution system storage 
facilities; pumps, valves and other machinery; customer meters 
and fire hydrants; and a network of pipelines along streets, 
roads, highways and other rights-of-way (generally following 
normal routes of transport) specifically acquired for these pur
poses. Each component of the project, as it ia constructed, will 
have a local environmental effect in terms of land use, con
struction activities, and final aesthetics. In the sense of a 
treatment plant's use of chemicals and power, and in the use of 
power for pumping water, there will be the wider environmental 
effect of depleting natural resources. 

B. PROBAZLX ENVIRONMENTAL EFFECTS 

Soil Erosion 

A short-term adverse impact will result from soil erosion 
and dust during construction of transmission and distribution 
pipelines. 

Activities such as urban roadway and pipeline construction, 
and agricultural development increase the sediments carried into 
the streams. Agricultural development may increase erosion 4 
to 9 times while urban construction mpy increase erosion 100 times. 
When surface water has exoess quantities of sediment, the following 
adverse conditions are experienced: 

(1) impairment of recreational Nalues 

(2) reduction in fish propagation
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(3) increased cost of water treatment 

(4) reduction of sunlight penetration 

(5) clogging of stream channels 

(6) loss of qtorage capacity in reservoirs 

Increased attention has been given recently to the effects 
of urbanization and construction activities on Eoil erosion. Con.
cern centers on the resulting sedimentaition, i.e., the transport 
and deposition of soil sediment in receiving waters. Urbaniza-
tion and construction activities incoreae sedimentation in 2 major 
ways. First, the general increase in peak storm runoff increases
 
the erosion potential. Second, the clearing, levelling, and b7all
dozing of land for construction expose soil to erosive forces. 
Certain construction practices tend to increase erosion much more 
than necessary. 

Good planning cannot eliminate all potential sedimentation 
problems and certain physical controls may be desirable. Per
manent physical controls should be installed as quickly as possible 
in construction areas. These may include sodded diversion ter
races, sod on steep cut or fill banks, and ponds that can be drained 
and oleaned as necessary during and after construction. Attention 
should be given to the limited ability of small ponds or detention 
basins to remove the clay-sized particles which increase turbidity. 
More effective methods maV be necessary. Where permanent controls 
cannot be used because of heavy traffic, delays in installing 
utilities, etc., then mulch, temporary seeding, straw bales, and 
temporary detention dame, or some combination thereof, may be
 
appropriate.
 

Dust problems during construction may be minimized by routine 
sprinkling of the construction area and returning the excavated 
area to its original state as soon as possible.
 

The erosion and dust problem can be minimized by the inclusion 
of strict erosion and dust control criteria in the contract speci
fications. 
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Noise 

During the construction period, noise associated with heavy
equipment and traffio will occur near the construction site. This 
temporary disruption will have only a moderate short-term impact. 
Wells with electric motors or engines and treatment plants will be 
moderatel, noisy. Such equipment must be housed within concrete 
(or block, structures so that noise transmitted is minimal'. 

Aesthetics 

The transmission and distribution lines will be installed be
low ground level, the surfaces of which will then be returned to 
original -ondition. The treatmentp storage, pumping, and other 
supporting facilities and equipment are relatively inconspicuous 
and will have little or no adverse effect on the existing environ
ment. To minimize the adverse effect on the existing environment, 
the design of physical facilities must be done unobtrusively and 
in harmony with the surrounding areas. 

Increase in Wasteyater 

A long-term adverse effect of the water supply project is the 
unavoidable increase in wastewater. As the available water supply
increases. so will wastewater. Water-flush toilets are expected 
to increase in use as local eoonomy progresses. 

The additional volumes of wastewater th&t improved waterworks 
will generate are anticipated to be disposed of through the same 
means being used throughout the Philippines, i.e., septic tanks, 
ceaspools, and surface drains in ditches or gutters. In terms of 
being burden to the existing surface drainage facilities or causing 
flooding, iastewater is insignificant, compared to run-off from 
even a minor rainstorm; however, minor revisions to surface drainage
facilities may be necessary to prevent unsightly or desirable 
aocumulat ions. 

There are no current provisions for wastewater collection, 
treatment or disposal on a nationwide basis. While knowledgeable 
officials recognize this problem must be addressed in the future, 
there are no formal plans to meet the requirement at present. If 
left unattended and unresolved, unsatisfactory disposal of waste
water could pre9sent an additional hazard to public health, and
 
could conceivably produce an edverse visual effect on the environ
ment. The potable water system will not be in danger of contami
nation from the wastewater since, assuming proper installation and 
operation of the new improved distribution systems, the water 
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supply will be under sufficient constant pressure to prevent in
filtration. In fact, the incidence of waterborne diseases should 
decline; many present water systems are subject to contamination 
by infiltration due to occasional negative pressures on distribu
tion systems.
 

In the Philippines, wastewater has not been given tho signifi
cance or priority it enjoys in more developed countries. In the 
contemplation and order of priorities, local decision-makers con
sider basic water supply and distribution to be far more important

than sewage disposal. At this time, they are simply hesitant to
 
consider investing an equal amount, and possibly more, of capital

funds in sewerage as inl aterworks improvements. In the highly

urbanized coastal areas_ such as Metropolitan Manila, Cebu and 
Zamboanga, the order of priority appears to be water supply,
drainage/flood control and then wastewater disposal.
 

Before planning the implementation of drainge and/or waste
water facilities, a policy decision must be made on whether the
 
works should be designed on the basis of separate piping for sur
face run-off (storm) and (sanitary) wa tewater, or of combir d 
system, This can only be accomplislied through a feasibility study.
It is, therefore, essential that sewerage feasibility studies be
 
conducted as early as possible after the initial implementation

phase of the water supply plan is underway.,
 

Environmental Effects of an Im oundment 

The construction of a water supply impoundment will have
 
positive mid negative impacts on the environment. Evaluation of 
these impacts on the environment indicates a net environmen. A 
benefit.
 

In the Philippines, only Manila and ZamboangA have some form 
of wastewater disposal system. At present Manila i.. basically served 
by an antiquated sewage disposal system designed to served 220,000
(Metro Manila population is over 5 million todi-r.) Practically all 
other liquid wastewater is transported to natural drainage systems
through open ditches, gutters, canals, etc. Yet there is no evidence 
of intolerable or unacceptable public health conditions as a result.
Zamboanga has a system which was built in l91 and has had no signifi
cant improvements since then. It serves about 20 percent of the core 
city area. 



Positive Impacts. A water supply impoundment will provide
safe, adeqate and economioal water supply to an urban area. The 
alternative to -this imponmdment/transmission/treatment scheme is 
brackish water treatment of pumped groundwater in the specific case 
of Metropolitan Cebu. Besides being over four tir,es more expensive, 
the 	brackish uater treatment scheme involves very high energy use.
 

The lake or impo-undmt built behind the dam will provide a 
scenic and aethetio asroet to the comnanity This lake will attraot,
tourists to view the waterscape which would have then replaced the
 
currently denuded and eroding hillsides.
 

Reservoir ate-age, if properly operated, will also reduce the 

destructive effi.ct of flash floods in areas downstream of the dam. 

eg v aImats, T1o impoundment will: 

1l 	 increase tbh lous of water due to evaporation; 
chango the habitat of any wildlife and other fauna; 
serve as a nutrient trap, holding nutrients which other
wise would have moved downetream; 

(4) need to relocate people/homes from the watershed. 

Loss of mter from evaporation is a relatively minor impact 
since water in the uncontrolled rivers eventually gets lost to the
 
Ses 

While inundation means a loss of some norm-aquatio species, 
the reservoir will provide a new habitat for waterfowl and other 
lake-oriented species. 

Nutricn0iL"trapped" in the impoundment may accelerate entre
phicntion within the lake, stimulating the growth of algae and 
aquatic weeds. 

With caref'u! cns. .. on during final design. these negative 
effecte oF the project o&.i . signific-ntly reduced. 

1norease in . vM icn to IJzban Areas
 

In thc Philippines? migration from rural to urban areas is
 
inescaphble. Eural migrants seeking new economic opportunities 
usually have W-o distinct choices of destination, the Metropolitan
Manila and the other urban areas. Bring the most iravored migra
tion point Metropolitan MInilat however, has reached a level 
when present government policies incline towards migration restraint. 
On the other hand, other urban areas of high growth potential await 
further dew loprent. 



Metropolitan Ylaxila iv troubled w:ith "people" congestion, 
ftraffic" oongestion, lack of housing, environmental problems 
(water and, air pollution), unemployment, slums, poor quality of 
life, etc. For these reasons, plante for regional development in 
selective zrban areas and srowth centers such as Batangas, Dagupaa, 
Baguiov -egarao, Leaspi, Iloilo, Cebi. Thutuan and Davao (in
the order of distance from Metropolitan Manila) are currently 
being discussed.
 

Ths regional development plan offers an opportunity to 
minimize population density in already congested areas. It helps
avoid oveorcowding that has been detrimental to the health, safety 
and welfare of the residents. It intends to maintain a balance 
between quality of life and city living. Such development plan
intends to Intercep't rural migration to Metro Manila and redirect 
this 	to the various regional development aenters. 

Infra. l ructure projects including water supply projects are
 
strong stimuli to urban growth. It is usually admitted th,.t a
 
potable waer supply is a necessary condition for economic" growth

and development Iof an urban area, Irfrastructure projects such
 
as public housing, roadB, communications, markets, etoo, become
 
more 	 beneficial when an adequate water supply project accompanie 
such 	investments.
 

Therefore, the provision of vater supply projects in selected
 
and dispersed urban areas in the Philippines wills
 

(I) 	 assist in the current policy of discouraging migration 
to Metro Manila; 

(2) 	 or.hance the growth of regional development centers 

thiboughout the Philippines.
 

C. IRRIEWMSIULE CONITMT OF RESOURCES 

The primxy impact of the recommended plan on natural resouroes 
is the use of chlorine, power and fuel during the operating phase#
and the usAe o-r materials, foreign exchange, etc., during the con
str ction phase. The labor time for construction and operatioa is 
also a natural resource. However, in view of high unemployment in 
the studjy area the uae of this resource has a beneficial impact. 

Secordary resource commitment occurs as a consequence of new 
dovelopm.ent cnoouraged by the expansion of the water supply system. 
As the popuiation continues to increase, areas of land will be 
irreversibly committed to residential, conercial, and industrial 
uses. Well developed and successful land use planning will minimize 
the loss of open space and related natural biota. 
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D. BENEFITS OF THE PROPOSED ACTION 

He .Jth Fine f"i s 

The tblishnent of a water supply system in a community will 
necest arily k:ing about hea].th benefits to the population. Un
,oUfedi.Ly th provision C."Safe, potable water to the population 

iL] a prex,eritLe for the maintenance of minimum health standards. 
Tlht~; }u'ith b fitsi are ordinarily manifested in the following: 

i, a& ijifriica.nt reuctJon in the incidence of waterborne 
diteases such as cholerao d~ysentery gastro-enteritis, 
and cid/paiyphoid. As a result, there will be a 
decrE; lse in the amount of time lost by income earners 
who 	 are afflicted with such diseases. 

!udn: i premature 

lower incidtnnce of waterborne diseases.
 

2 	 A redu.0!.o1 deaths due to the 

3. 	 A oorueqponding ro du.ction in medical expenses due to 

]o or incidence of waterborne diseases. 

Other Tknef its 

The s will other benefits as shown 

in the foll wi.ne table. 'ihis table indicates the implications of 

ha v'irg (,iti) or not having (without) the water supply project. 

supply project generate 

E. 	EFFECTS OF DESALTING, WASTDATER 
REUJSE Pf.1) DUAL PLUMBING SYSTEM 

Wasiewater reuse and dual plumbing have significant health 
h .zrdo Rec)icl d 	 contain excessive elements, theR rter . :i;ht
•rc&atmerrt cf to m~kn.:hichit potable is technologically expensive. 

T:(the dual. plum.bing system where one system carries untreated watert 

uro.;-cow~e tion can give rise to waterborna disease outbreaks. 

Dei,. ,.tlng may eliminate impoundments and long transmission 

lJnes, there'byf lessening the adverse effects such as erosion and 

..oi.-o? an!n a.sthetics, However, desalting will consume un
usually lare qu:t ities of power and energy. 

-in.11 sZles. wastewmater will be generated and handling facili

;io: wil. stil 1:,zrequirod (except for the wastewater reuse). Re-

oovures will still be committed such as land, powerg fuel and human 
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vpothesis 

1. 	Water Adequacy 


2. 	Water Quality 


3. 	 Personal Hygiene of 
Served Population 

4. 	 Personal Satisfao-
tion 

5. 	 Employment Benefits 

6. 	 Fire Protection and 
Fire Insurance 

7. Water-Using Indus-

tries in Area 


8. 	 Local Tourism 

9. 	Development of Areas 

Adjacent to Core City 

Area into Housing 

Subdivisions 


10. Wastage of Water - a 
Valuable Natural 

Resource 


11. Land .alues 


3Without" Project 

will continue to become 

in short supply; service 

will be intermittent and 
unreliable.
 

will continue to provide 

unsafe water and water-

borne diseases will con
tinuously be a threa't. 

because of current water 

shortage, personal clean-

liness is expected to 

range from marginal to 
lacking. 

will be minimal; signifi-

cant time spent in fetch-

ing water. 


no improvement, 

no improvement; area vul-
norable to extensive fire 
damange because of water 
shortage; no reduction in 

insurance because the le-


"With" Project 

supply will be adequate at
 
continuous pressure.
 

supply will be safe, whole
some and healthful.
 

will enhance personal hygiene
 
and overall appearance and
 
cleanliness of the population.
 

release time for other pro
ductive activities; provides
 
'nodernization" benefits;
 
enhances self-reliance.
 

will provide short-and long
term employment benefits.
 

will improve the fire-fight
ing 	capabilities of the area; 
reduction in fire insurance 
cost since availability of wa
ter with adequate pressure 

vel 	of fire risks will re- will reduce fire risks*
 
main essentially the same. 

no inducement to indus- water-using industries will 
tries which use water as be encouraged to expand faci
a primary or secondary in- lities, or relocate in the
 
*ut to locate in the area. area.
 

non-availability of piped availability of water, if
 
potable water and poor accompanied by sanitation
 
sanitation facilities will program, will help boost
 
be a deterrent to local local tourism.
 
tourism.
 

no impetus to the develop- will help spur the development
 
ment of areas adjacent to 

core city since not much 

economic activity can 

occur without adequate 

water supply. 


wasteful consumption of 

water will continue be-

cause of the absence of 

safeguards to check its 

use. 


market value of land will 


remain at present levels, 

except for effect of in-

flation. 
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of areas adjacent to core city
 
into housing subdivisions
 
because water supply avail
ability somehow enhances
 
standard of living.
 

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

will incre.se land values by
 
at least 10 per cent since
 
water availability is a major
 
consideration inmarket
 
values of land
 

http:incre.se


F'. SUMMRY 

The probable environmental effects are summarized in tabular
 
form below:
 

PROBBL ERMONMTAL EFFECTS 

Item Term Positive Negative Solixtion 

Soil Erosion short 

Dust short 

V-1 

V-1 

tight construction 
space 

Noise - Construction short 

Noise - Operational long 

Aesthetics long 

Increase in Wastewater long 

Impoundment Ioz 

Migration long 

Resource Use long/short 

i 

unavoidable 

V.1, 

V1 

unavoidable 

proper design 

solve sewage problem 

careful design 

careful planning 

1. Careful design and construction will minimize environmental 
disturbanoes while these will also create aesthetic and culturally 
pleasing conditions under which man can develop his most desirable 
potentialities. 

2. The recommended plan will enhance public health, improve 
the quality of life in the oommunity, and guide its long-term growth
 
and productivity.
 

3. The peso costs and the short-term adverse effects are offset 
by the long-terra benefits. When compared to the general benefits, 
particularly pertaining to health and social uplift, the amount of 
upset is relatively minor. 

4. The commitment of resouroes is small, compared with the anti
cipated benefits. Resource use is necessary in the construction and 
operation of a water supply system, but the overall benefits show the 
overwhelming advantage of carrying on with the project. 
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APPENDIX 8 

EXCERPTS - TIM SOCIAL SOUNDNESS OF IMPROVING THE
 
WATER SUPPLY SYSTEM IN FIVE PROVINCIAL CITIES*
 

"The range of problems and obstacles, on the one hand, and features 
conducive to -the sucoess of an improved water supply system in Bacolod,
 
Cagayan de Oro, Davao, San Pablo, and Tacloban cities, on the other,
 
is broad indeed. Specific factors have been noted for each city, yet
 
all the points cited affect the other cities to some extent.
 

Among the important problems may be listed the followings
 

1. 	Concern over the increase in the cost of water under the
 
new system pervades all the cities; the middle and lower
 
class populations are especially apprehensive about this
 
component. For some the worry is over the higher bills
 
they will have to pay; for others, especially the poor,
 
the difficulty is that they will have to pay for a service
 
which was formerly free. Looking for other free sources
 
will mean that new arrangements will have to be made by 
those in the bottom sector of the socioeconomic hierarchy, 
always a problem for them. Further, areas where water 
rates were only recently raised show some sensitivity to 
the 	prospect of another increase.
 

2. There seems to be little awareness of how cheaply people 
are 	currently getting the water available to them, given
 
actual costs, and that they are in effect being subsidizede 

3. Many city officialz and local citizens show little ooncern 
over the inadequacy of the city water supply; once the LWUA 
comes into the picture they ansume that it will take care 
of the problem and they therefore turn their attention 
elsewhere.
 

4. Local government officials in cities where existing water
works bring income to the general fund, which in turn
 
supports other services, are not pleased at the prospect 
of the new system's income being channelled to the Local
 
Water District instead, outside their control or use.
 

*Final Report submitted to LWUA by the Ateneo Institute of 

Philippine Culture on 6 April 1976 
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5. The all-private character of the board of directors re
presents a new and relatively untried mechanism for 
community public utility management; its separation
 
from formal political authorittes may result in delay
ing or other nonsupport characteristics from local 
officials* This will be especially so if thG Local 
Water Works Board is captured by a sociopolitical 
faction seen as being in opposition to the existing
 
local officials.
 

6. Residents who have their own supply of water from private 
wells, often the more affluent and influential members of
 
the community, are less interested in the new system than
 
those who rely on present antiquated piped systems or draw
 
on public wells.
 

7. 	 Residents of areas long plagued by water shortage and 
unkept politico" promises to remedy it show a great deal 
of skepticism az to whether the L1UA system will be any 
di-fferent * 

8. 	 Those with vested interest in the existing arrangement 
like large-scale and small-scale waterhaulers, well 
diggers, sellers of related equipment like filters or 
purifiers, and the like, are likely to oppose the 
establishment of a new system. 

9. 	 Those residents in areab where water for bathing or washing 
is obviously polluted, as in public streams, will more 
likely show an interest in a new water supply system. 

The above problems suggest certain guidelinus for overcoming 
themt 

1. 	Pay special attention to schemes for lowering household
 
water rates perhaps according to a graduated usage scale; 
also foster added earning schemes for the poor and margin
ally poor groups so that they would be more capable of 
subscribing to the water system. 

2. Develop information programs that stress how much more
 
economical in the long run, e.g., in terms of health 
and 	convenience, the higher cost water conversion will 
be, 	even for those who already have private wells
 
operated by electric pumps. 
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3. 	Provide enough free communal faucets for residents of
 
squatter areas, as well as private connections for those
 
who can afford to subscribe.
 

4. 	 Involve local commiunity residents at all socioeconomic 
levels in the planing and participation of the project,
especially as it affects their specific area. 

5. 	 Devise a communication sytptem between the directors of the 
Local Water Board and local authorities so that appropriate 
liaifion activities axe enhanced; 

6. 	 Include the water' supply progrEm in local planning seminars 
for officialand citizenc stressing the city's need for 
greater coverage an for coordination between the officials 
and the local board. 

7. 	 1mphasizc to local officials that the decline in general
 
fund income from oity- sponsored water services can be
 
counterbalanced by the added taxes levied on new industries
 
and commercial enterprises made possible by the new water 
system. 

8. 	 Insure that the selection process for the Board of Directors 
inc]udes a wide range of the citizenry that spans socio
political factions. 

9. 	 Suggest or, for the poo', provide alternative sources of
 
income for those currently involved in supplying water in
 
terms of the old system.
 

10. 	 Create a network or federation of local water boards which 
can meet as a whole at least annually to discuss mutual 
problems and learn from one another. 

The social feasibility of improved water systems in the five
 
project cities refers to the likelihood of their improving the
 
lives of the resident populace, in particular the disadvantaged
 
sectors represented by the poor and women. There is little doubt 
that health, the local econony and the quality of life in general 
will improve with the advent of the system. In all the cities, 
people are looking forward to these improvements but are not aware 
as yet or willing in some cases to take the steps needed to help 
the project come about. Certainly some people will be benefited 
more than others-those upper-middle and lower class persons who 
can afford to pay for connections and higher rates, those who fall 
directly into the physical area covered, and in terms of prestige, 
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those chosen to serve on the local water board. Nonethelesu, the 
poorer groups will ah!c g.arner ad4aItne ri tern-, of the in r-rcaued 
number of communal faucets ava)l.able and tho jobs creatted toth by 
the installation procoSa itself, amd thei industries and con'ercia!l 
entities that will evolve once ufficienL water is availab]. . 

In the household, eJ.p1in reap .nwomen P the .. 

of an abundant water supply. FcoO p ,,M,,M &.do ing pro.rat and 
cedures will be made easier by it, TI, in turn will i ave tho7' 
some freedom to allocate thie nuwfo- .- 3 iu-,e to r-111 eF t iry i ncone 
raising, child care, community ao, . 4 

, o. slhier leioure,l ;he 
wishes. Improved health on th,' art of their chilnrn, 
and other kin living in the houo3 ho) . ljl relieve -them oi' the 
considerable time ani worry exp ndc-J e:~ri for th: sick. 

Ultimaiiely tho valility of teae prelictions -.an Oo ¢criii'd 
only by actual empirical research in ,ach city on the real eutcme 
of project implementation, Similarly, the F.pread effects will be 
definitely known after the fact not before it. The inecrplay of
project and people requires careful monitoring io m.(e the wat r 

scheme as clocely compatible with and responsive to the needs, 
aspirations, and realistic situations of the mas, populace." 



APPENDIX T
 

LIST OF AB13BREVIATIONS
 

CONVEMRSION TABLE
 



Organizations
 

ADB 
BAN-WD 
BAY-WD 

BIS-WD 
BPW 
CAL-WD 
CDM 
COT-WD 

DCCD 


EDF 

GAP-WD 

IBRD 


LWUA 
MASS 

NCSO 
NEDA 
NTA 
1 dRC 
PAGASA 

ROX-W) 
SIL-WD 

URD-WD 

USAID 


Unite
 

AC 
CCI 

CI 
em 

cum 

cumd 

czwd/ha 
oum/hr/sqkm 
ukd./m 

APPENDIX T 

APPENDIX TABLE T-I 

LIST OF ABBREVIATIONS 

Asian Development Bank
 
Bangued Water District
 
Baybay Water District
 
Bislig Water District 
Bureau of Pblic Works 
Calamba Water District 
Camp Dresser & McKee International Ino 
Cotabato City Water District
 
Design Consultation Construction and
 

Development Frngineerine Corporation
Economic Develo mrnt Foundation 
Gapan Water District 
International Ba~k for Reconstruction 

and Development

Local Water Utilities Administration
 
Metrorolitan Waterworks and Sewerage
 

System (formerly National Waterworks 
and Sewerage Authority or YWASA)

National Census and Statistics Office 
National Economic Development Authority 
National Irrigation Administration 
National Water Resources Council 
Philippine Atmospheric, Geophysical and 

Astronomical Services Administration
 
Roxas City Water District 
Silay City Water District
 
Urdaneta Water District
 
United States Agency for International
 

Development
 

asbestos cement 
centrifugally cast iron
 
cast iron 
centimeter 
cubic meter 
cubic meter per day 
cubic meter per day per hectare 
cubic meter per hour per square kilometer 
cubic meter per day per meter 



oum/ro 

FEC 
0I 

GS 
ha 
HGL 

hr 
kg 
km 

lpcd 
lpd 
lps 
lp/M 
m 
m/ha 
MK/l
mmmm/yr 

me 

/aeo
XSL 


%percent
P 
pH 

PVC 

RU 

sqkD 
sqmd 
$ 

yr 

UPPENDIX TABLE T-1 (Continued) 

cubic meter per month 
cubic meter per square kilometer per year
foreign exohan ,e component 
galvanized iron 
galvanized steel 
hectare 
hydraulic grade line
 
hour
 
kiloram
 
kilometer
 
liter per capita per day
 
Jilrir ,er da~y
 
li-er per nooomd
 
litter por sGecond per meter
 
meter
 
motor per hectare
 
milligrair per liter
mill.-et rmillimeoter per y#ar 

month
 
rretctr per ticond 
mt~an cea level
 

Philippine peso
logarithm (base 10) of the rciprooal of the 
hydrogen ion conoentratior. in water t moles 
per liter 
p)lyviyI chloride 
revenue unit 
square kilometer
 
square meter per day
 
United States dollar
 
year 
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CONVERSIO1' TABL 

A. METRIC TO ENGLISH 

MULTPLY BY 

meter () 3.281 

kilometer (kin) 0.62137 

millimeter (m) 0-03937 


Area
 
equare meter (sqin) 10.764 

square kilometer (aqkm) 0o3861 
square kilometer (sqkm) 100 
hectare (ha) 2.471 

Volume 
cubic meter (cum 35.31 
cubic meter (um 264.2 
cubic meter cum 220 
cubic meter cum 0.00081 
cubic meter oam) 1000 
liter () 1000 

Weight
 
kiloqram (kg) 2.2046 
ton (M) 1.1023 
gram (g ) 0.03527 

Density 
kilogram/cubio meter O.O6242 

(kg/cum) 

Ve1 it 
meter/second (=/Sec) 3.281 
meter/second (m/sec) 2.232 
kilome-ter/our (km/lw) 0.6215 

TO OBTAIN 

feet (ft) 
mile mi 
inoh in 

square foot (Bqft) 
square mile (sqmi 
hectare (ha) 
aore (ao) 

cubic foot (cuft) 
gallon (gal) 
UK gallon (ImpGal) 
acre feet (aoft) 
liter (I) 
cubic centimeter (cc) 

pound (lb)
 
ton (2000 lb)
 
ounce (oz)
 

pound/cubic foot (lb/ouff)
 

foot/seoond (ft/see)
 
mile/hour (mi/r) 
mile/hour (mi/u)
 



APPENDIX TABLE T-2 (Continued) 

MULTIPLY 

Force 
newton (N) 

Pressure
 
newton/square meter 

(N/sqm) 

newton/square meter 
(N/sqm) 

newton/square meter 

(N/sqm) 


meter of water () 


meter of water () 

kilogram/square 

centimeter (kg/sqcm) 
1 atmosphere 
1 atmosphere 

I atmosphere 


I atmosphere 
I atmosphere 

1 atmosphere 

cubic meter/second 


(cum/Bec)

cubic meter/second 


(cum/seo) 

cubic meter/second 


(cm/sec) 
Oubic meter/second 

cubic meter/day/ 


square kilometer 

(cumd/sqkm)
 

A. METRIC 

BY 

0.224 

0.02089 


0.145 

0.3347 

1.42 


0.010 


14.22 

33.90 
14.7 

1.058 


10.33 

0.02089 


0.145 


22.83 


35.31 

15,852 


86,400 

0.143 


TO ENGLISH 

TO OBTAIN 

pound force (lbf) 

pound force/square foot
 

(psf)
 

pound force/square inch 

(psi)
 

feet of water (ft)
 
pound force/square inch


(psi)

bar
 

pound force/square inch 
(psi) 

feet of water (ft) 
pounda/square inch 

(Ib/sqin)
tons/square foot
 

(J4/sqft)
 
meter of water ()
 
pound force/square foot
 

(pst)
pound force/quare inch
 

(psi)
 

million gallons/day
 

(ned)

cubic foot/second
 

(ofe)
 
gallon/minute (gpm)
 

cubic meter/day (cured)
 
cubic foot/dV/ace
 

(cfd/ao)
 

T-4 



APPENDIX TABLE T-2 (Continued) 

A. METRIC TO ENGLISH 

MULTIPLY BY TO OBTAIN 

Filtration Rate 
oubio meter/square moter/
hour (ouai/squ/hr) 0-4098 gallon/minute/square 

foot (gp/sqft) 

oubio meter/square meter/ 
/qar24.5?. ylo footday (cuvieqkm/d) 24.57 gaaion/day/qaeto 

(gpd/sqft) 

Power 
watt (W) 3.413 British Thezmal Unit/ 
kilowatt (kW) 1.339 horepower (hp) 

B. ENGLISH TO KETRIC 

feet t 
mile (mi 
inoh in 

0.3048 
1.60934 
25.4 

meter (a) 
kilometer (kim) 
millimeter (Mam) 

AMe 
squaro feet, ,qft 
square mile (equmi) 
acre (ac) 
heotare (ha) 

0.0929 
2.590 
0.4947 
0.01 

equare meter (squ) 
square kilometer (sqks) 
heotare (ha) 
square kilometer (eqkm) 

volumo 
oubio feet (outt) 0.028317 oubio meter (ouZ) 
gallon (gal) 0.0037854

3.785 oubio meter (oumliter W1 
acre foot (aoft) 1235 oubio meter (ouN) 

pound (lb) 0.45359 kiloqram (kg) 
ton (2000 lb) 0.90718 ton (g) 
aunce (on) 28.35 grW (M 

P;;;d/oubio foot (ib/ouft) 16.02 kilograi/oublo meter
 
(kg/oui)
 

T-5 



APPEKIX TABLE T-2 (Continued) 

Be ESGLISh1 TO METRIC 

XULTIPLY BYTOBAI
 

Veloity 

feettsecond. (ft/seo) 0.3048 meter/"econd (m/eoc 
mile/hour (mi/hr) 0.448 meter/eood(/e
mila1/hour (mi/hr) 1.609 kilowter/lhour (kn/r) 

Floroe
 
pound force (Ibf) 4,44822 newton (N)
 

Pressure
 
poundt force/square inch (pai )0.705 meter of water Wm

pound force/square inch (psi)0.0703 kilogram/sauare centimeter
(kg/uqom) 

Flow 
million gallons/day (mgd) 0.04382 cubic meter/seoond (oUm/Beo)
million gallons/day (mgd) 43.82 liter/Geoond (lps)
million gallons/day (mgd) 3790 cubic meter/day (oumd)
cubic foot/second (ouft/sec) 0.02832 cubic mteo/seocond (om/mo)
gallon/mit.e (gpm) 0.063 Liter/mecond (1pe) 

FlItration Rate 

gallon per minute/square 
foot (gpR/sqrt) 2.44 cubic meter/square mter/hour (o./sq,/hr) 

sallon per day/square foot oublo motor/square meter/ 
0.0407da(oi/q ) 

Power 
British Thermal Unit/hour 

(BTU/hr) 0.293 watt (W)
horsepower (hp) 0.747 kilowatt (kv) 

TU.66
 


