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Part - D DAM AND RELATED FACILITY ENGINEERING

D1 Study Works Carvied Qut in First Stage 1 Field Investigation
Di.t  General

The ficld investigation works for the dam and related facility engineering were caied out for
the period from the end of April to the middle of July. During the first stage field
investigation, the following investigation works have been done in collaboration with the
counterpart personnel of NWRB and NPC:

- Data collection

Field reconnaissance

Preparation of inventory of proposed reservoir type schicmes

Plannimg of new dams for water supply to Metro Cebu and Davao city

¥

The above ficld activities are explained hercinafter.

DL2  Data Collection
D1.2.1 Topographic and Geological Maps

On the commencement of the field investigation, a complete set of 1 to 250,000 scaled
topographic maps which cover the whole Philippines were atiempted to be procured from the
National Mapping and Resources Authority (NAMRIA) so as to identify the locations of
existing and proposed major dams. However, the Study Team could not procure all the

necessary maps from the mapping agency during the Ist investigation, since some of them
were out of stock thereat.

As stated in the Inception Report of the Study, the three major cities, namely Metro Manila,
Metro Cebu and Davao city, were considered to cause the water shortage by the study target
year of 2025 with respect to the municipal and industrial water, In the present study stage,
hence, a focus was placed on these three areas in carrying out the dam planning including
identification of new dam sites. In addition to the aforesaid topographic maps collected
almost with a nation-wide coverage, the Study Team attempted to gather { to 50,000 scaled
topographic maps as well as geological maps to be utilized for planning of new dam sites for

the basins concemed with the municipal water supply to Metro Manila, Metre Cebu and
Dabao city.

Unfortunately, the 1 to 50,000 scaled topographic map of the northern part of Metro Manila,
which shows the ‘Angat and Ipo dams could not be obtained from NAMRIA. Besides, the
Study Team could not obtain the geological map of the Dabao river basin.

D1.2.2 Previous Study Reports on Water Resources Development Plan

In the course of the dala and information collection from the concerned governmental
agencies, it was found out that the majority of the water resources development ptans in the
country had been formulated for the purpose of the hydroelectric development under NPC
and/or for the multipurpose development to date. Hence, the previous study reports were
collected from NPC as much as possible.



The reports kept in NPC's office were not well arranged in the storage room, being in disorder,
due to the past fire accident. Consequently, it took a rather long time to find out the previous
reports on the proposed reservoir type hydroelectric development projects, which have an
essential linkage with the dam planning in this study. The previous dam plans were arranged
by project on formatted sheets with respect to their main features, which constitute a part of
the “Data Base™ to be established in the Study. Since the Study Team could not collect all the
reports required to clarify the features of major dams contemplated in the previous study, the

data collection on the previous reports need to be carried on in the successive 2nd stage field
investigation schieduled to start in early November 1997.

D1.2.3 Data on Cost and Censtruction Plan

The data on construction cost and construction planning were collected from: the concerned
project offices such as the Agno flood control project office and SWIM project office under
DPWH. These cost data are going to be used to estimate the project cost and establish the
construction plan for the selected water resources development projects.

DI1.3 Ficld Reconnaissance

Out of the aforesaid three major cities where the constraint of water demand and water supply
is likely take place in the future, the water sapply situation and new waler resources
development plans for Metro Manila were examined in depth thmugh the previous studies by
JICA, WB and ADB in relation to the municipal water supply as well as water reallocation of
the Angat dam. Accordingly, the field reconnaissance for the proposed and newly identified
dam sites was conducted in relation to water supply to Metro Cebu and Dabao.

‘The field reconnaissance to Cebu was performied in the end of May 1997. The following ficld
works were carried out during the stay in Cebu:

- Discussion with and data/information collection at the Metro Cebn Water District
(MCWD) concerning the present situation of water supply and prospective water
resources development plans for water supply to Metro Cebu,

- Inspection of existing dams in and around the Metro Cebu area inclusive of the
Buhisan dam and reseivoir to confirm the present situation thereof,

- Reconnaissance of the on-going and proposed project sites for water supply to Metro

Cebn, which include the Mananga | project site, Mananga Il dam site and Lusaran
dam site

- Data and information collec‘tion at ‘the Water Resources Center (WRC) of the
University of San Carlos, who installed and operates several rain gages in and around
the Mananga and Lusaran {Balaniban) river basins since 1977.

The multi-disciplinary expcrt's proceeded to Davao together with counterpart in the middle of
June 1997 in order to conduct the field reconnaissance in the Davao river basin as well as to
gather the data and information relevant to the Study from the regional offices concerned.

With regard to the dam and related facility engineering, the main purposes of the site
reconnaissance were as follows:
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- to discuss about the present situation and future plan of water supply system with the
in-charge of the Davao Water District,

- 1o inspect the Davao river as well as the new dam sites thereon identified at a map
study [evel through the present investigation stage, and

- to inspect the existing water tesources facilities in the Davao river basin, which

include the hydropower station with an instatled capacity of 3.4 MW on the Talomo
river.

Owing to unexpected much delay of the scheduled flight from Manila (o Davao, however, the
Stady Team could not reconnoiter the Davao river basin satisfactorily. On the other hand, the
Study Team has obtained a lot of useful information on the water resources for municipal
water supply lo Davao city from the regional offices of the concerned agencies in Dabao. In
particular, it was confirmed through the site reconnaissance that there are many springs
around the Mt. Talomo, feeding the Talomo river, Lira Dao river and many small streams,
which are one of the promising water resources to be developed for water supply to Dabao.

Did  Dam Planning and Other Works Carricd Out

Concerming the dam and other related facility engineering, the following study works have
been conducted during the (st field investigation in addition to the aforesaid data collection
and field reconnaissance;

- to confirmy and plot the location of each reservoir dam scheme, both for existing and
proposed ones, on the 1 to 250,000 scaled topographic maps, which were procured by
the Study Team on the commencement of the study works,

- to check the main project features of each scheme and to prepare an inventory of
planned dam-rescrvoir type schemes, which constitute not only a part of the data base,
but also the essential data for the formulation of the water resources development
plan for each water resources region,

- to work out new reservoir type dam schemes at a map study level for the area where
the dam schemes are hardly contemplated in the previous studies in spite of the
water shortage being cxpected against the water demand in the future {i.e. Davao
river basin), and

to prepare the small scale dam schemes at a map study level for the water supply to Metro
Cebu to meet the future municipal and industrial water demand in the service area of MCWD.



D2 Dams in the Philippines
D21 Large Scale Dams Identificd in the Philippines

In the Philippines, many dam sites have been identificd so far as listed in the
“Survey/Inventory on Water Impounding Reservoirs” (hereinafter refereed to as “the
Survey/Inventory™), which was compiled by the National Water Resources Council (Original
organization of the National Water Resources Board (NWRB)) in April 1978. The total
number of the dams listed in the Survey/Taventory amounts to 864, However, it indicates only
the location, catchment arca, dam height, concerned governmental agencies and main
purposes of those dams.  Other features, such as inflow data, reservoir storage capacily,
dependable discharges, cte., are not exhibited therein.

Besides, the Survey/Inventory lists the various sca!c of dams with a dam hcxght of less than 5

m to more than 200 m and a catchment area of § kim? to more than 1000 kin?. Thus, it appears
that all the dam sites for the entive Philippines, which could be identified based on the
available topographic maps at that time, are presented in the Survey/Inveatory. Of those dams,
at present, the smaller scale dams of not more than 30 m in dam height and not more than 30
km? in catchment area are categorized into and dealt with in conjunction with the small water
impounding management (SWIM) project as described in the succeeding “Part H @ Swriace
Water Resources Planning” of this Supporling Report. In view of the categorization, only the

larger scale dams were picked out from those listed in the Swrvey/Inventory in order to make a
new list of identificd dams.

Since most of the dams selected for the SWIM project has a dimension of not more than 30 m
in dam height as well as of not more than 30 km’ in catchment area, the dams with larger
dimensions than those in dam height and catchment area are categorized into the large scale
dams in the Philippines. These dams are listed in Table D-t and their locations are shown by
water resources region in Figures D-1 to D-12. In these Table and Figures, the names of
respective dams are same with those used in the Survey/Inventory. Of theses dams identified
in the past, some dams have already been developed or examined at a study level of feasibility
or pre-feasibility for the purpose of hydropower developnment or multipurpose development.
As a result, a total of 364 dams are entitled to be larger scale dams in the entire Philippines.
They are classified by the water resources basin and dam height as shown below:

Number of Large Scale Dams Identifted by Region and Dam Height

Region Land Area Dam Height (m}) Density on
No. ko’ DH<100 100<DH<200 200<DH Total Dam Nos.
1) ) =(2)/(1) x 1000
i 14,400 30 25 7 62 431
It 34,500 20 33 2 55 , 1.59
1 23,600 27 17 2 46 1935
v 46,500 23 17 0 40 0.86
\Y 17,600 8 3 0 i 0.63
Vi 20,200 8 19 1 28 1.39
%1 14500 3 6 0 9 0.60
vill 20,400 20 5 0 25 1.23
31X 20,600 8 9 0 17 0.83
X 24,300 I 22 0 33 1.36
X1 24,900 6 8 0 14 0.56
X1 31,900 9 13 2 24 0.75
Total 293,800 173 177 14 364 1.24

DH : Bam height.
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As seen in a table above, a comparatively tot of large scale dam sites are identified in Water
Resources Region I,

D22 Dam Projeets Farmulated in Previous Studics

Out of the identified dams, a limited number of dams were realized as the multipurpose dan
project to date. In addition, some dams are proposed to be developed as the multipurpose dam
projects or mainly for the hydropower development, Concerning the proposed dam projects
which have been planned at a study level of feasibility or pre-feasibility, the data and
information were collected mainly from NPC. These dam schemes distribute almost in the
major rivers of the Philippines, The data collected from NPC with respect to the proposed
major dam schemes are as follows:

- List of existing and proposed hydropower projects of NPC, which contain 122
schemes in total, consisting of 57 reservoir type schemes and 65 wn-of-river type
ones, (hereinafter referred to as the NPC's list),

- Proposed Hydroelectric Projects (Proposed Hydel}, which summatizes the project
features of 34 schemes based on the feasibility and pre-feasibility study reports, and

- Feasibility study and pre-feasibility siudy reports on each of the proposed
hydropower development projects.

Beside these, there are numerous number of small scale dams mainly for irrigation use and
water shed management, which are existing, under constiuction and to be developed by the
various agencies. They are called SWIM (Small Water Impounding Management) under
DPWH, SWIP (Small ~Water Impounding Project) under Bureau of Soils and Water
Management and SRIP (Small Reservoir Impounding Project) under NIA. These smaller
scale dams are outlined in the succecding “Part-H : Surface Water Resources Planning” of this
Supporting Report..

With referencc 0 data and information presented in such reports and documents as the
Pmposed Hydel, NPC's data, Survey/Inventory, reports on feasibility and pre-feasibility study
of the respective water resources development projects, main features of about 60 reservoir
type dam schemes were checked up and tabulated on data sheets of the “Inventory of Planned

Dam-Reservoir Type Scheme” in the course of construction of Database in the first stage field
mvestigation..

Concemmg the previous studies on the reservoir type schemes, it has to be noted that some
dam schemes have been formulated using an extraordinary high annual mean specific runoff
of 10 m¥/sec/100 km? to 20 m*/sec/100 km> - Annual mean specific ranoff of 10 m¥/sec/100
km? could be realized, only if annual basin rainfall exceeds 6,000 mm.’ In general, such a river
basin blessed with abundant rainfall could not be found out in the Ph:llppmes according to the
available rainfall record. This assertion would be endorsed by the procedure of hydrological
analysis made in the ADB’s Report, Draft Final Report on Smail Scale Technical Assistance :
Water Resources Management (Anagat Reservoir). In the Report, the 18 years' river run-off
data of the Angat river before the year 1963, which comesponds to the long-term mean

discharge of 73.2 m*/sec or specific discharge of 12.9 m*/sec/100 km?, were not be adopted
for the reservoir operation study.



D3 Dams Planned in Connection with Water Supply to Metve Manila, Metro Cebu
and Davao City

D31 Dams for Water Supply to Metro Manila
D3.0.1 Previous Studies on the Angat Dam

The Angat dam consisting of rockfill type dam with a catchment arca of 568 km?, which was
commissioned in 1967, the sole reservoir type dam that supplies surface water to the Metro
Manita. At present, about 30 m?/s is supplicd to the Metro Manila (MWSS has now the water

right of 37 m'/s from the Angat reservoir.), NIA has a water right of 36 m’/s from the Angat
dan.

To date, a lot of studies have been carried out in connection with the augmentation of water
supply to Metro Manila. These sludies propose diversion of water from the neighboring
basins into the Angat dam and reallocation of water released from the Angat dam into water
supply to metro Manila by means of development of new reservoir schemes for irrigation
water supply to the Angat-Massim River Irrigation System (AMRIS) located Metro Manila,
enhancement of irrigation cfficiency of the AMRIS, development of groundwater for

irrigation water supply and improved reservoir operation of the Angat dam. These previous
studies are as follows:

- Balintingon Reservoir Multipurpose Project - Feasibility Stady (1997)

- Peasibility Study of AMRIS G&M Improvenient Project - JICA (1983)
- Angat Water Supply Optimization Project (AWSOP) {1987)

- Umiray-Angat Transbasin Project (UATP) Study (1992)

- Water Resources Development Project (WRDP) Study - WB (1994)

- Water Resources Management (Angat Reservoir) Study - ADB (1996)

In the aforesaid ADB’s report, the inflow into the Angat reservoir after 1986 was computed
for the water balance study by the reservoir operation so that the mean annual inflow for 23
years from the year 1968 through 1990 was estimated to be 59.2 m'/sec, which is equivalent
to 10.4 m’fsec/100 km?.  After it was verified that the inflow into the resérvoir which was
estimated in the feasibility study was excessive, and water demand for municipal use and
irrigation increased, power generation at the Angat dam has been not only strictly restricted to
the operation mode in harmony with the water demand, but also often stopped as the reservoir
water level dropped down below the minimum operation leve! (MOL) of 180 m.

D3.1.2 Reservoir Type Dams Planned in the WRDP’s Study

Figure D-13 schematically shows the locations of four (4) reservoir typé danis, for which a
pre-feasibility study was carried out in the WRDP ‘under the World Bank. These four dams

purpose to supply water the AMIS in order to reallocate the water of the Angat dam to Metro

Manila. These arte the Bayabas, Massim, Salapangan and Garlang dams. Consequently, the

WRDP’s study recommended that the former two dams be proceeded to the next feasibility
study.

D3.1.3 Umiray-Angat Transbasin Project

To cope with the water shortage under the aforesaid situations, the runoff of the Umiray river
basin, which is adjaceant to the Angat river basin and flows northward to the Philippine Sea, is
planned to be diverted into the Angat reservoir, At present, the trans-basin tunnel connecting
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the Umiray basin and the Angat dam is under constiuction. ‘The Umiray diversion weir sites
cover a catchment area of 160 km? in total and annual mean runoff at weir sites is estimated at
15.6 m¥sec based on the csiimation of annual basin rainfall of about 5,000 mm, The
transbasin diversion tunnel is designed to be of free flow type and circular cross section of 4.3

m in diameter. The total tannel length is 13.1 km wilh a gradient of 1.48 nvkm and its flow
capacity is 30 m*/scc.

D32 Dams Planncd for Water Supply to Metro Cehu
D3.2.1 General

Cebu island is of a strip-shape land with consecutive high mountain range lying in the middle
part throughout the istand. Metro Cebu is located in southern and middle part of the island,
Due to the geographical conditions of the island, in general, most of the rivers in the island

which originate from the mountain range are characterized by the comparatively short river
length,

Although at present the municipal and industrial water supply for Metro Cebu relies on
groundwater resource, it is anticipated that the development of surface water will need to be
accelerated to meet the future water demand due to the issue of water quality on groundwater
as well as the limited gquantity of groundwater resources newly exploitable. From such a point
of vicw, the new dam sites were attempted to be identified in the neighboring basins of the
Metro Cebu in the present study stage.

Figure D-14 shows the existing dam and proposed dam sites in the previous studies which are
located in the neighboring basins. As well, the new dam sites identified in the present study
are illustrated in the Figure. Their catchment areas are summarized in Table D-2. As seen in
the Table, the catchment arcas of these dams are as small as less than 100 kra?.

D3.2.2 Existing and Proposed Dam Projects for Water Supply to Mctro Cebu

‘The existing and proposed dam projects for water supply to Metro Cebu which includes the
project under construction are lHsted below:

- Buhisan dam

- Malubog dam

- Manang phase 1 dam (underground type)
- Mananga phase H dam

‘The Buhisan is the only onc dam that supplies surface water to Metro Cebu. The dam is of
concrete double arch type with a height of 26 m, occupying a very small catchment area of 6
km®. Thus, it is similar to that in the SWIM project. The dam and reservoir was completed in
1910 with a storage capacity of 500,000 m'. Since then, the dredging works of sediments
deposited in the reservoir have been conducted periodically by MCWD to mainfain and
restore the reservoir function. At present, the sediment volume of 30,000 m’ to 40,000 m’
deposited in the reservoir bottom is discharged downstream every year through a sand drain
pipe in order that the reservoir storage volume of 263,000 m' can be kept constantly. "The
water supply from the Buhisan dam is now limited only in the rainy scason and its aniount is
as small as about 4,000 m¥day.

The Malubog dam is a privately owned dam located on the Malubog river. At present, the
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dam is being operated by the mining company, Atlas Consolidated Mining & Development
Corporation, for its own use. The dam is of concrete gravity type with a height of 32 m. It
covers a catchment area of 69 km’. The Study Team got the information during the ficld
reconnaissance that the mining company has an intention to supply municipal and industrial
water to the Metro Cebu through MCWD in case the dam be heightencd with a fund of
MCWD. Since the catchment area of Matubog dam is almost same with that of the Manang
phase 1l dam, it appears that the dam heightening plan is one of the promising water resources
plans to augment the water supply to the Metro Cebu.

The Mananga project phase [ is now under conshuction on the Mananga river. The project
aims to pump up the river-bed water in the aquifer through 15 deep wells. The project
comprise a 7.5 m high underground dam, infiltration ficlds in the upstream river bed of the
dam and 15 deep wells. A catchment area at the dam site is 80 km?. According to the original
development plan, water supply capacity of the project is estimated at 33,000 m/day.

The Mananga phase 1l project is contemplated to be developed at a location of about 4 km
upstream of the weir site of the Mananga project phase I on the Mananga tiver. The main
component of the project is a 90 m high rolter compacted concrete type dam. However, a
catchment area at the dam site is as small as 68 km? in comparison with the large scale dam.
The WRC of the University of San Carlos installed several rain gages in and around the
Mananga and Lusaran river basins in 1977, The hydrological analysis for the Project was
performed utilizing those records.  According to the analysis resnits, the mean annual basin
rainfall of project area is 1,770 mm and the annual mean river discharge at the dam site was
cstimated at 1,40 m¥/sec. The mean annual discharge is equivalent to the specific discharge of
2.06 m*/sec/100 km?, corresponding to a run-off coefficient of 36 %. The sedimentation rate
of 3,700 m*km’/year was adopted for the Mananga Phase 1I reservoir with reference to the
sediment measurement performed for the existing Malubog dam and reservoir located
adjacent thereto.: However, the dead storage capacity of the reservoir is only 7.4 million m’
which corresponds to the sediment transport volume for about 30 years, assuming tentatively
the horizontal deposition of sediment in the reservoir and the trap efficiency of 100 %. The

total water supply capacity of the Mananga Phase I and Il projects are evaluated to be 123,000
3
m“/day.

The Lusaran dam has been studied and proposed for a further augmentation of water supply to
Metro Cebu. The initial study on the dam project was camied out in 1997, before the
installation of rain gages in the basin. The dam is planned to be of rockfill type with a height
of 100 m. A catchment area at the dam site is 67 km®. According to the rainfall record in the
basin, the mean annual rainfall is 1,400 mm to 1,500 mm, which is slightly smaller than that
of the Mananga basin. According to the principal features of the current study report, the
mean annual runoff is 2.05 m*/sec which is equivalent to a specific runoff of 3.06 nfsec/ 100

kmy’. The water supply capacity of the Lusaran dam is estimated at 1.85 m/sec or 160,000
3
m/day.

D3.2.3 New Dam Schemes Identified

In general, the geological formation of Cebu Island consists of limestone. On the other hand,
a belt of Malubog Formation covers the south-eastern hilly areas of the boundary of the
Mananga and Lusaran basins where the Buhisan dam was constructed. There are several
small rivers running south-eastward in the nearby basins of the Metro Cebu. On these small
tivers, the prospective dam sites with a catchment area of 5.4 km” 10 20.5 km? were identified
based on the | to 50,000 topographic maps. These new dam sites are tabutated in Table D-2
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and their reservoir storage curves are illustrated in Figure D-18.

The preliminary dam planning was made for those new dam sites. A concrete gravity type
dam with a height of 45 m to 60 m was planned for each dam site in order to develop the
dependable discharge between 8,000 m¥/day and 15,000 /day ‘They are tentatively named
Cebu A to Cebu Fy as summarized in Table D-2 and compiled in the Tnventory of Planed
Dam-Reservoir T ype Scheme, The Cebu B is same as the Buhisan dam. Further, Upper Cot-
Cot (CA=9.3 km?, H==60 m, capacity=16,000 m¥day) and Upper Lusaran (as an alternative for
Lusaran dam, CA=40 knv’, [E-60 m, capacity=15,000 Yday) were formulated at a map study
tevel based on the 1 to 50,000 scaled topographic and geological maps,

In addition to the aforesaid new dam development plans, heightening of the existing Malubog
dam is concetvable as one of the promising alternative plans.

D33 Dams Planned for Water Supply to Davao City

The Davao river basin is categorized into one of the major rivers basins of the Philippines.
However, there are no proposed water resources schemes in the basin, Thus, the Davao river
basin is regarded as virgin basin in view of the water resources development. The Water
District of Davao city is planning to develop the sarface water for the municipal water supply
thereto, although at present it mostly relies on groundwater lifled by deep wells. Taking those
circumstances into consideration, the new multipurpose dam projects were identified and
examined based on the 1 to 50,000 scaled topographic maps.

The Survey/Inventory lists two dams (Calinan #1 and #2) located in the Davao river basin.
There are no river runoff records on the Davao river. While, a long-term rvainfall récqrds at
Davao city for the period from 1961 to 1995 are available. As a matter of course, the rainfail
at Davao city dose not represent the basin average rainfall of the Davao river basin. For
instance, although a flooding hit the Davao city on July 9, 1995 according to the “Damages
Caused by Major Natural Disasters by Department of National Defense”, the rainfall at Davao
city was recorded to be nearly zero on that date. Nevertheless, the rainfall records at Davao
city are useful for examining the condition of the basin rainfail in the Davao river basin,
especially lower half of the basin. The mean annual rainfall at Davao city for 35 years from
1961 to 1995 is 1,750 mm. Though it is expected the the basin rainfall on the upper halif of
the basin would be much higher than the lower half of the basin, some reservoir type dam
schemes on the Davao river were preliminarily formulated based on the | to 50,000 scaled
topographic maps and the rainfall records at Davao city concerning the conservative estimate
of the dependable discharge.

The tocation of dam sites 1dent|ﬁed in the present study as well as those listed in the
Surveyflnvcntory are depicted i in Figure D-16 and their main features are listed in Table D-2.
The resrvoir storage curves of the alternative dam sites I, 11 and 1IIR are illustrated in Figure
D-17. The dam schemes tisted in the Table occupy the comparatively large catchment area of
more than 130 km® "It is recommended that these dam schemes be developed as the
multipurpose dam project which includes municipal water supply, hydropower generation,

imigation water supply if those dernands exist in the downstream areas and/or the neighboring
basins.

Out of the candidate dam schemes in the Davao river basin, Davao I, i and 'IlIR {Calinan #2)
schemes were formulated and listed in the Inventory of Planned Dam-Reservoir Type Scheme.
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D4 Design Criteria of Dam and s Appurtenant Structures Adopted in the
Philippincs

D41 Design Criteria of Large Dam

In the Philippines, most of the large scale dam projects have been planed under NPC and NIA.
However, no standardized design criterta for dam and its appurtenant structures are
established so far. According to the Engincers of NPC, in gencral, the large scale dams in the
country have been planned and designed n accordance with the USBR’s standard.

M2 Design Criteria of Small Dam in SWIM Project

The SWIM projects have been implemented under a ot of governmental agencies sach as
DPWH, NIA, BSWM. To coordinate those SWIM projects, the derailed desigh tools in
detailed design stage, which incorporate the design criteria for dam and its appurtenant
structures for SWIM project were prepared under DPWIH in September 1991.

Most of the dams of SWIM projects are designed to be of fill type dam. The major design and
planning criteria of the SWIM projects are as follows:

(1) Magnitude of design flood for river diversion works
The magnitude of design flood for diversion facilities is adopted to be in a rangc of 5 to 10-

year probable flood, depending on the extent of potential damage to the downstrcam area,
damages to embankiment and delay of construction.

(2) DMagnitude of design floods I‘or dam and splllw ay

In case of dam of not more than 15 m in height, at least 25-year prob'ible flood is adopted,
while concerning dam higher than {5 m at least IOO-)car probable flood is taken. The
spillway is designed for the peak discharge of ouiflow which is derived through the flood
routing analysis of reservoir based on the inflow hydrograph of the design flood, taking into
consideration the regulation ¢ffect of the reservoir.

(3) Flood surcharge (Maximum water level)
The flood surcharge space in the reservoir is considered for the design flood so that the
maximum surcharge height comes to a difference between maximum and normal full water

tevel. The maximum water level on the condition of occurrence of the design flood is
estimated by means of the flood routing analysis.

() Freeboard ‘ _

The dam crest elevation is determined to be a sum of the maximum water leve! and minimum
freeboard, which includes an allowance for wave height and other conditions likely to 1ake
place during the flood. The freeboard is adopted to be at least 1.0 m and 1.5 m for dams of
less than 15 m and exceeding 15 mvin height, respectively.

(5) Secdiment deposit level in reservoir

‘The reservoir sediment level is determined on the condition that at least the sediment inflow
for 25 years and 50 years be accumulated in the reservoir in case of dams of less than 1S m
and exceeding 15 min height, respectively, assuming the horizontal deposit therein,

{6) Dam crest widih

The minimum dam crest width is determined to be 20 % of dam height plus 3 m taking into
account the requirement for construction as well as its permanent use as road after completion
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of dam.

{7)  Ewmbankmceat stope

Concerning dam of less than 15 m in height, the dam embankment slopes are determined
based on the standard values derived from the “Design of Small Dams, USBR” without any
stability analysis. In case of homogencous carthfill dams, the upstream and downstream
slopes are in a range of 1.5 to 4.0 and 2.0 to 2.5, respectively, depending on soil classification
of embankment materials used for dam body., As well, those slopes in zoned eanthfill dam
range between 2.0 and 3.0. On the other hand, with regard to dam higher than 15 m, the dam
embankment slopes are deterniined based on the results of stability analysis. The dam
stability analysis is made applying the empirical “Slip Circle method™.

(8) Secismic coefficient

The minimum seismic coefficient for dam design is determined by region based on seismic
zone map prepared by DPWH and ASEP in 1968, in which the country is divided into three
zones, namely strong seismic zone, medinm seismic zone and weak seismic zone. The
scismic map is shown in Figure D-18. Their minimum scismic coefficients are 0.15, 0.12 and
0.03, respectively.

(9  Minimum safety factor of dant apainst sliding
The required minimum safety factors for dam stability are set up for the various combination
of leads to act on dam body as summarized below:

Required Minimum requirement for dam safety

~Case Reservoir Water Level or Design Seismic  Load Combination  Required Safety Factor
Condilion Factor (%)
[-A  Reservoir is emply 0 W, U Fs>1.5
(just after completion of dam}
{-B -da - 50 w,u Fs>1.2
2-A  Normal full water level 1] wW.p, U I's>1.5
2-B - do - 100 W, P, U I Ts=1.2
3-A Rapid draw-down 0 W,P, U Fe»1.5
3B -do - 50 _w,p Ul I'e>1.2

Notes: W weight of dam body, P ; static water pressure duc to reservoir water
U pore pressure, I internal force on dam body due to carthguake
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ns Existing Water Supply Facilitics
D51 Water Supply System for Metro Manila

The water supply facilities for Metro Manila as well as the existing and proposed major water

resources are schematically shown in Figure D-19, At present, the water released from the f}
auxiliary 4 turbines of hydropower stations of the Angat dam is off-taked at existing Ipo dam
by MYVSS for the raw watcr supply to Manila. Originally, MWSS has the water right of 22
mYsec with respect to the water released for the hydropower generation. Under the Angat
Water Supply Optimization Project (AWSOP), on the other hand, the additional water right of
15 m3/sec was granted to MWSS on the condition that the water in excess of irrigation water
requiremient is available. For the purpose, an auxiliary unit of No. 5 was additionally instalted,
but MWSS has not suffice the additional water so far,

At the Ipo dam, the Angat river water is conveyed to the Bicti headwork through the following
three tunnels:

Existing Tunnei Connecting Reservoir and Treatment Plan for Manila Water Supply

No. Existing Tunnel Year Dimension Design Flow capacity
of of tunnel
Completion  (Cross Section) {mld) {m'fsec)
1 Tunnel No.t 1939 204mx2.19m 760 §.796
2  TunnelNo.2 1969 3.0 m (horseshoe) 1,890 21.875
3 Tunncl No.3 1992 4.2 m (horseshoe) 2,000 23.148
Total 4,650 53.819

As seen a lable above, the existing tunnels have a total flow capacity of 53.8 m*sec. The raw
water collected at Bicti is transmitted to the La Mesa treatment plant at La Mesa and Balara @
treatment plant through the Novaliches reservoir. The capacity of existing water treatment

plants are summarized below:

Existing Water Treatment Capacity for Manila Water Supply

No. Water Treatment  Design Flow capacity

Plants {mid) {m¥sec)
1 BalaraTPI 470 8.796
2 BalaraTP2 §,130 21.875
3  LaMesaTP! 1,500
4  LaMesaTP2 900 23.148
Total 4,000 53.819

DS.2  Water Supply System for Metro Cebu

The plan of water supply facitities for Metro Cebu was schematically shown in Figure D-20.
‘the plan was made assuming that the proposed Mananga Phase If and Lusaran dams be
completed to meet the water demand in the Metro Cebu in the year 2025. In the next field
investigation stage, the more detailed water supply facilities plan witl be worked out based on
the optimum water resources development plan to meet the water demand for Metro Cebu.
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D53 Constreaction Cost Pata

The data and information on cost data including unit prices of major civil construction works
and the prices of construction materials and equipment have been collected from the foltowing
on-going project offices:

- Aguno River Flood Control Project Office
- Lacson CIP project in Davao city
- Lubogan CiP project in Davao city

In the present study stage, the unit prices of major civil construction works were estimated
with reference to those provided from the above project offices as well as those presented
used for cost estimate of the Massim and Bayabas dams in the WRDP’s 1eport whose studics

were carried out at a level of prefeasibility study. The unit prices thus estimated preliminarily
are summarized in Table D-4.



D6 Selection of Candidate Dam Schiemes
D6.1  Overview of Dam Schemes Identificd and Proposcd In Previous Studies

In the second stage field investigation, the Study Team collected topographic maps at a scale
of | to 50,000 for the arcas where the proposed water resources facilitics are situated. The
topographic maps were used to measure the catchiment area, storage capacity and surface arca
of reservoir and work quantitics of the proposed facilities. The areas for which the
topographic maps were collected included those of the Abra River basin, Baguio City, Angat
Reservoir, Bicol River basin, Panay Island, Negros Istand, Davao City, Pulangi Dam and the
Buayan Malungun River basin. In order to plan the alignment of the proposed waterway, the

topographic maps at a scale of 1 to 50,000 were also collected for Metro Manila and its
surrounding areas.

Most of dams proposed in this study are the ones which have been studied by the agencies
concemed with the water resources development.  Accordingly, the previous study reports
furnished the Study Team with various valuable information for the plan formulation. The
Study Team gathered the existing reports and examined the data and information therein in
succession to the first stage field investigation. The reports were gathered mainly from the
libraries of NPC and NJIA. In addition, the reports on the previous nation-wide and basin-
wide studies as well as pre-feasibility and feasibility study reports on large-scale storage dams
which were carried out under JICA and other international financial agencies were referred to
in preparing the dam inventory. They are the Master Plan Study on the Cagayan River Basin
Water Resources Development, Panay River Basin-Wide Flood Control Study, Hydropower
Potential Study in Luzon Island and pre-feasibility and feasibility studies on major dams. The
various data and information on hydrology, geology, dimentions of main structures and
project cost that were presented therein were arranged and examined to be availed for the
preliminary design of new dam schemes newly proposed in this study in order to meet the
future water demand in the basin. As a result of the examination, the project costs estimated
in the previous studies were assessed to be almost in an adequate range to be applied to the

present master plan study. After then, those project costs are modified with the conversion
factor to adjust to the present-day price level.

On the other hand, those dams were planned and preliminarily designed on the basis of the
specific topographic, hydrologic and geologic conditions. Consequently, main features of
dam and its appursent structures designed differ scheme by scheme due to the different design

criteria and values adopted therefor. However, the overview of the available study reports
clarified the following general features.

In case of the existing and proposed dam projects in the mountainous areas of eastern part of
Region I, il and IV, the average annual runoff estimated in the previous study usually give
remarkably high specific discharge expressed in m’/sec/100 km” as shown in Table D-5. The
area receives world noted high annual precipitation of 4,000 to 6,000 mm due to geographic
rainfall cansed by the northeast monsoon during the period from October to March.” While
during the period from May to October the area again receives the rainfall caused by the
tropical depression or frequently by typhoon. The existing Angat dam was designed so that
the average annual inflow of 75.8 m¥scc or the specific discharge of 13.4 m*/sec/100 km’
would take place on the basis of the discharge data recorded for the period from 1946 to 1961.
On the other hand, the average runoff at the dam site decreased to 59.2 m*/sec for the %Jeriud
from 1968 to 1990, which is equivalent to the specific discharge of 10.4 m’/sec/100 km”. The
reservoir water tevel has recovered to the designed high water level every year and cven spill-
out of excess water from the dam has occurred in every flood season inspite of the average
withdrawal of more than 50 m¥sec from reservoir. Taking account of the evaporation from
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the reservoir surface, the high specific discharge may be attested.

The dams in Region V are dcmgned expecuug the average annual inflow equivalent to thc
specific discharge of abont 3,0 m*/see/100 km? for the catchment areas of less than 500 km?,
The average annual inflow of the dams | 1n Region VI arc the smallest, the spcmf ic discharges
thercof being about 2.0 m¥sec/100 km? for the catchment arcas of 100 km? or less. Since
these dams are located in the driest arca of the country, it appears that the runoft data applied
and the tendencies are acceptable,

With regard to other dams with catchment zm,as of 100 to 1,400 km’, the specific discharges
are derived to be mostly between 5.0 and 7.0 m/sec/ 100 km?, exhxbmng the general tendency

that it decreases with catchment area. 'The average minoff adopted for planning of those dams
are judged to be acceptable.

The rehabilitation study on Ambuklao dam carried out the surveys in the reservoir, The study
conclided that the average annval denudation rate for the catchment was as high as 6.0 mm
for the period from the completion year of 1957 to 1986. NIA and NPC carried out the study
on the sedimentation in the Magat reservoir in 1996. As a resull, the high average annual
denudation rate of 4.6 mm was derived through the study. The high value might reflect the
effect of the earthquake which occurred in 1990, Besides, the study on the silting in the
reservoir of Malubogu dam in Cebu island worked out a high denudation rate of 3.7 mm, ‘The
deforestation of those catchment would be the main course of such high sediment yields, It is

noted that the comparative large storage capacities are liable to trap the larger quantity of
suspended sediment to be deposited in reservoir.

In the Philippines, most of the existing and proposed dams are rock fill type. The
embankment materials have been obtained from the quarry sites located in the vicinity of the
dam sites.. The excavation works for the foundations of dam and spillway have provided a
patt of embankment materials. The slopes of the upstream and downstream surfaces of
Ambukiao dam are as steep as 1: 175 o 2.00. Angat dam has steeper stope of 1.00:1.400 at
the uppermost portion of the slope of 13m in height. That of lower portion is 1.00:2.40.
Those steep slope afforded smaller einbankment volumes as compared with dams in Japan.
Both dams have experienced the earthquake occurred in 1985 and 1990 which brought about
serigus damages to the structures constructed in the vicinity of the dams. However, no
structural damage or defect in the dams has been reported until now. The slender dams could
attest their stabilities against the seismic load.

As a result of the aforesaid rapid assessment, it is judged that most of the proposed dams arc
able to be adopted in the master plan as the candidates for the water resources devetoping
schemes. The existing, proposed and promising dams are tabulated in Table D-5 and their
locations are shown in Figures D-21 to D-31.

D6.2  Main Featores of Sclected Candidate Dam Schemes

Large dams to be proposed for the development of water resources in each water resources
region and for water supply to major cities are listed in Table D-5. The locations thereof are
iltustrated in Figures D-21 to D-31. The candidate dams comprise 1) existing dams, 2)
proposed dam of which feasibility or pre-feasibifity study has been done so far, and 3)
proposed dam of map study tevel.

In Region I, the candidates proposed are four (4) rockfill dams, mostly located in the Abra
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river basin,  Among those proposed, Palsiguan dam has a possibility to be a conciete gravity
type dam after more detailed geologic surveys. There is a possibility that the geologic
conditions of the proposed Binongan dam site does not allow to construct a high dam. In that
case, the scheme should be changed to propose a concrete weir instead.

In Region 11, the candidates proposed are ten (10) dams, out of which two (2) dams are sitvated
in the Abulug River basin and eight (8) dams in the Cagayan river basin. The geologic
formation of the proposed Gened damsite is composed of andesite as a whole so that the 175
m high concrete arch dam is proposed. The foundation of the proposed Diduyon dam is
andesite and the preferable dam type is concrete gravity. The Study Team judged that an
earthfill dam is preferable for the proposed Siffu No. 1 dam, since it is considered difficult to
find a quary site for rock materials in the vicinity of the proposed damsite. In case of the rest
of the candidate proposed rest schemes, the rockfill type dams is selected. The Govermment
of the Philippines has once abandoned Chico No. 4 dam because of the social dilficulty.
However, it is relained as one of the candidate schemes because there is still a slight
possibility for the scheme to be realized if the purpose of the dam is changed from
hydroelectric generation to water supply for muonicipal water and irrigation,

The nunber of candidates in Region I1I is sixteen {16), the largest one among the 12 Regions.
In relation to municipal water supply to Metro Manila, two large-scale dams are proposed in
the previous WRDP's study. These are the Bayabas and Massim dam schemes which are
located in the Angat River basin. The average inflow o the proposed Bayabas dam was
derived 1o be the extraordinary large figure of 13.6 m/s for the catchment area of 50 km’. it

was revised referring to lthe average inflow to the proposed Maasim dam with a catchment
area of 54 km’, which is presented in the

The candidates in Region 1V are the existing Caliraya dam and the proposed Kanan and
Laiban dams. The purpose of the Caliraya dam is hydropower generation. [t is provided with
the pumed storage type hydropower station with an installed capacity of 300 MW. The
geologic formation of Kanan dam is composed of andesite and a concrete gravily type dam
with a height of 158 m is proposed on the Kanan River, tributary of the Agos river, in the past
Hydropower Potential Study in Luzon Istand. In this study, the rockfill type dam is
contemplated to be installed at the sam loaction in consideration of the uncertain geologic
condition. The geology of the proposed Laiban dam on the Kaliva River is composed of
limestone. It is foreseen that leakage from the reservoir and dam foundation would take place
with a high possibility after construction of the proposed high dam, taking the geological
condition of the dam site into consideration. In this study, accordingly, a concrete weir is
proposed instead of the high dam with a reservoir. The tapped water therefrom is going to be
conveyed to a reservoir planned at Cogeo through the tunne! for the purpose of municipal
water supply to Metro Manila,

There are two (2) candidates in Region V, the propos'ed Talisay and Sipocot dams. Both dams
are located in the Bicol river basin. The proposed dam type is rockfill type for both dams.

The proposed 52.4 m high Panay concrete gravity dam on the Panay river has a reservoir with
a storage capacity of 96 million m®. The dam is the sole candidate in Panay island, which is
proposed to develop the water resources in the istand which belongs to Water Resources
Region VI. The proposed Bago and Ilog No. 1 dams are the candidates in Negros Island,

Both of the proposed dams are rockfill type and are expected contribute to the augmentation
of the water resources in Negros Island.

In Region VII, six (6) dams are proposed mainly to suffice the water demand in Metro Cebu.
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The five (5) dams arc located in Cebu Island and one (1) in Bohol Island. Since most of the
rivers in Cebu Island are shoit in river course {ength and steep in riverbed slope, the dam site
that can creatc a large reservoir storage is not identifinble in the neighborhood of the city.
While, Tipole dam with a height of 60 m, which is proposed on the Inabanga river in Bohol
island, has a comparatively large storage volume of 210 miltion m*. The rockfill dam lype is
selected for the Tipolo dam. The Bohol-Cebu Water Supply Project contemplates that a part
of the streamflow to be regutated by the reservoir is conveyed to Metro Cebu across the strait
between both islands.

In Region VIII, no surface water resources development is proposed.

The proposed Tumaga dam is the only candidate to develop the water resotrees in the Region

IX. The ?roposcd dam is rockiill type with the height of 86 m and storage capacity of 44
million m’.

Bulanog-Batang dam is proposed to develop surface water in the vicinity of Cagayan de Oro
City to cope with the rapid increase of municipal water demand in the city. The rockfill dam
with a height of 130 m would create a storage capacity of 102 x 10%m™. The dam is the only
candidate in Region X.

In the Davao river basin, three (3) dams are proposed identified for the mulli-purposes
including municipal water supply to Davao City. The rockfill type dam is recommendable for
all of three (3) dams. Dimuloc dam is situated on the Buayan-Malungan river. The dam with
a height of 120 m generate the reservoir with a storage capacity of 293 x 10%m’.

The proposed Pulangi Il and Cabilan dams on the Mindanao river are the candidates in
Region X1I. Pulangi H rockfill dam with a medium height of 90 m would provide a reservoir
with a large storage capacity of 1,200 million m'.



N7 Pretiminary Design for New Water Supply Projects

The preliminary design was canied out for water resources facilities and water supply
facilities, which were newly contemplated in this study for the purpose of water supply to
major cities inctuding Baguio City, Metro Manila, Metro Cebu.  Conceming some of the
Selected major cities, several altemative structures for the water resources development and

water supply for the major cities are contemplated and preliminarily designed as the candidate
scheme.

D7.1 New Water Supply Projects for Metro Manila
D711 General

For the water supply for Metro Manila, the conceivable candidates are the following five (5)
schemes;

1) Kanan-Umiray Transbasin Project (KUTP)
2) Maasim and Bayabas Dam Project

3y Kaliwa Water Conveyance Project

4) Pampanga Waler Conveyance Project

The above waler supply projects to cope with the future water demand in Metro Manila were
prelimarily formulated through this study. On the other hand, the Kaliwa-Kanan water supply
project inclusive of the construction of the Laiban dam is illustrated in Figure D-32.

The main features of those schemes are presented in Table D-6 and their locations in Figure
D-33. The main features thereof are explained hereunder.

D7.1.2 Kanan-Umiray Transbasin Project (KUTP)

The preposed Kanan dam site is located 17 km north from the confluence of the Kanan river
and the Kaliwa river, both of which are a tributary of the Agos river. The purpose of this
Project is to divert 18 m¥/sec of water from the Kanan river through the proposed connecting
tunnel to the Umiray river in the upstream of Agos river basin. The diverted water is planned
to be again diverted to the existing Angat dam through the trans-basin tunnel, which is under
construction under Umiray-Angat Transbasin Project. The inlet of connecting (conveyance)
tunnel is proposed at a tocation of 2 km upstream from the proposed Kanan dam site. The

concrete-lined tunnel is designed to have a length of approximately 14 km and a diameter of
3.2m.

The rockfill type of dam is recommended for this project, although more detailed geclogic
study is necessary in the final decision. Qut of the total discharge of 40 m'/s, 18 m*s is to be

shared and be diverted from the proposed Kanan dam to Umiray river for the water supply to
Metro Manita.

Table D-6 and Figures 13-34 and 1D>-35 present the detaii features of the scheme.

D7.1.3  Maasim and Bayabas Dam Project

The Maasim dam is located on the Maasim river, a tributary of Pampanga river,
approximately 23 km cast-southeast from San Luis and 9 km west-northwest from Angat. A
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Pre-feasibility study on the Maasim dany was carried out by IBRD in 1994, substantially for
the purpose of angmenting the waler supply capacity for Metro Manila. The water released
from the proposed Maasim dam is join to the Pampanga River at the 19 km downstream from
the proposed site. The increased water of the Pampanga river is planned to be tapped for the
purpose of irrigation water supply, thereby enabling the allocation of irrigation water supplied
by existing Angat dam. As a result of the realization of Massin: dam, thus, it is expected that
the municipal water supply to Metro Manila from the Angat dam can be augmented. Table D-
6 and Figures D-33 and D-35 present the detail featurcs of the scheme.

The Bayabas dam is located on the Bayabas river, a tributary of Angat river, 6 ki nottheast
from the Angat dam or 6 km upstream from the confluence with the Bayabas river and Angat
niver. A pre-feasibility study on the Bayabas dam was performed by IBRD in 1994, as well as
the case in the aforesaid Massin dam, for the purposc of the augmentation of water supply for
Metro Manila. The water released from the proposed Bayabas dam is to flow down to join to
the Angat river. Table 13-6 and Figures D-33 and D-35 present the detail features of the
scheme. '

It is expected that the additional water of about 5 m'/sec can be allocated to municipal water
p P

supply for Metro Manila from the Angat reservoir after the completion of the Massim and
Bayabas dams.

D7.1.4 Kaliwa Water Conveyance Project (KWCP)

The existing study report on the Manila Water Supply Project 1IT (MWSP 1) recommended
that the Laiban rockfili dam (Kaliwa Dam) on the Kaliwa river be developed as the source of
water supply for Metro Manila prior to the Umiray-Angat Transbasin Project (UATP). The
highlight of the Kaliwa scheme, however, is the Laiban rockfill dam with a height of 143 m.
The limestone formation is dominant in the reservoir area of the proposed dam. Besides, it
seems to have the geological problems, although the technical viability needs to be veritied
through the detailed geological investigation. Therefore, the Kaliwa - Cogeo Water Supply
Project proposes to construct a gated weir at the same location as that of the Laiban dam. The
othe water supply facilities involved in the project are desanding basin, a water conveyance
tennel, a water treatment plant, pumping facilities, related structures of water supply pipe line
and regulating reservoir. The proposed gated weir is located 20 km northeast from Tanay
located adjacent {o Laguna de Bay.

Water to be dwened by the proposed gated weir will be convcyed through a connecting tunnel
to the proposed water treatment plant in Pantay located at 14.7 km downstream of the gated
weir site. The water from treated by the water treatment plant is going to be conveyed to the
regulating reservoir at Cogeo, located 11 km northwest from proposed water treatment plant,
through water supply pipe line. Then, water will be distributed 1o the service area of MWSS
from this proposed regulating reservoir.

'Table D-6 and Figures D-33 and D-34 present the detail ﬁeatureé of this project.

D7.1.5 Pampanga Water Conveyance Project (PWCP)

The proposed Pampanga Water Supply Project is composed of a gated weir, a desanding basin,
puanping facilities, water supply pipe line and other relevant structures. The proposed gated
weir is located about 1km north-northeast from San Luis and San Isidro. In the first stage field
investigation, the Study Team conducted the ficld reconnaissance to seclect the route of
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proposed water supply pipe line and location of the proposed gated weir on the Pampanga
viver. Consequently, the weir site is selected at the location near Apalit on the Pampanga river.
However, the alcohol plant is being operated upstream of proposed gated weir site so that the
gated weir site was shifted finally to the upstceam location.

The water tapped from the Pampanga river is to be conveyed to the existing Novaliches
reservoir and water treatment plant located approximately 65 km southeast of the proposed
gated weir site (Jntake site) through the proposed pipe line and the related structures.

Table D-6 shows the main features of the proposed project and the general alignment is
depiected in Figure D-35.

D7.2  New Water Supply Projects for Meiro Cebu
D7.2.1 General

To meet the future water demand in Metro Cebu, the following four (4) candidate schemes are
conceivable:

) Inabanga-Mactan Water Supply Project (Bohol-Cebu Water Supply Project Including
Tipolo Dam Project)

2) Malubog-Mananga Transbasin Project (MMTP)

3) Lusaran-Pulambato Transbasin Project (LPTP)

Iiach of the above projects is discussed as follows;

17.2.2 Malubog-Mananga Transbasin Project (MMTP)

The proposed Malubog dam is proposed aiming at supply water for Cebu City. The proposed
Malubog dam is located on the Sapanodaku, river approximately 22 km west-northwest of
Metro Cebu or about 8 km east-southeast of Toledo City. The water stored in the Malubog
reservoir is planned to be divert to the proposed Mananga-II reservoir which is planned as a
cascade plan from the proposed Malubog dam. " Thus, the MMTP aims to expand the water
supply capacity of the Mananga dam by conveying streamflow of the Malubog basin into the
Mananga reservoir.  On the other hand, it has to be noted that a feasibility study on the
Mananga Phase Il project including the Mananga dam is carried out. In this study, the MMTP
is contemplated as the alternative plan of the Mananga Phase 11 project. It is recommended
that the detailed investigation or the MMTP be carried out in the subsequent study, especially
in order to clarify the geological conditions of the Malubog dam site as well as the water
quality of the river which might be polluted by the past mining activities in the basin.

In the MMTP, a 10.5 km long transbasin tunnel with a diameter of 2.0 m is planned to be
constructed to connect those two reservoirs. - In addition to the municipal water supply to
Metro Cebu, the MMTP aims at the hydropower generation. Two power stations are
contemiplated to be provided in the MMTP. - One is layed out at the outlet poriion of the
transbasin tunnel, which will generate power utilizing the discharge conveyed from the
Malbog reservoir,  The other will be situated just downstream of the Mananga Phase II dam.
it is estimated that these power stations would have an installed capacity of 2.1 MW and 2.8
MW, respectively. Thus, this study contemplates to develop the MMTP as the multi-purpose
dam project. It is anticipated that the water supply capacity of the MMTP would be about
1.75 times that of the Mananga Phase 11 Project. Besides, it seems very harness to effectively
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utilize the streamflow of the Malubog river basin for water supply to Metro Cebu due to the
geographical condition, unless these two dams are connected by the transbasin tunnel. The
proposed Mananga Phase 11 Dam is to regutate the water conveyed from the proposed
Malubog dam to supply water for Metro Cebu. The proposed Mananga Dam is located
approximately 79 km west-northwest of Cebu City.,

The existing Mananga Phase I Dam is located downstream of the proposed Mananga Phase 1T
Dam. This existing dam is an underground type dam.

The total discharge of 2.82m%/s, 1.43 m®/s from the Malubog dam and 1.39 m%/s from the
Mananga river basin, will be conveyed to the proposed Tisa water treatment plant in the
Buhisan river basin by a pipe line. The proposed Tisa water treatment plant is located 2 km
southeast of the proposed Mananga Phase I Dam or 4 km west of Metro Cebu. The treated
water will be distributed to the service areas of the Metro Cebu Water District (MCWD)

Table D-6 and Figures D-36 and D-37 present the main features of the MMTE,

D7.2.3 Lusaran - Pulambato Transbasin Project (LI'TP)

Lusaran - Pulambato Water Supply Project is the combined project of the proposed Lusaran
Dam and proposed Pulambato Dam.

Lusaran dam is proposed to be a rockfill type dam located in the northemn part of the
Balamban river basin approximately 22 km from Metro Cebu. The proposed Pulambato dam
and reservoir are located approximately 9.9 km south-southeast of the proposed Lusaran
reservoir, discharges 2.05 m¥sec of water. The proposed Lusaran power station generates the
electric of 2,200 kW (Normal) and 8,500 kW (Peak) harnessing a head of approximately 130
m between Lusaran dam and Pulambato dam.

Further, another power station is proposed to be provided just downstream of proposed
Pulambato dam site that will generates 1,000 Kw using the tailwater from the Lusaran power
station, The tailwater from the Lusaran power station is to be regulated by the proposed
Pulambato reservoir. Then, water will be conveyed by pipeline to the proposed Talamban
water treatment plant located approximately 3.5 km northeast of the proposed Pulambato
reservoir or approximately 9 km north-northeast of Metro Cebu.

Table D-6 and Figures D-36 and D-37 show the main features of the scheme.

D7.2.4 Inabanga-Mactan Water Supply Project (Bohol-Cebu Water Supply Project
including Tipolo Dam Project) _

This project is planned to convey the water of 1.6 m*/sec from the Inabanga river in the Bohol
Island to the proposed water treatment plant facilities in the Mactan Island constituting a part
of Metro Cebu. The pipeline needs to run across the approximately 31 km long Cebu Strait
between the Bohol and Mactan Islands. Thus, the project require the installation of marine
- pipelines which are to be laid out on sea battom of Cebu Strait. The gated weir is proposed to
be pravided on the Inabanga river at a location of 12.5 km upstream from the river mouth. The
proposed project involves the construction of a gated weir, desanding basin, intake pond,
pumping station, water supply pipe line, water treatment plant, regulating reservoir and other
related structures. In the second slage of the project, Tipolo Dam is planned to be constructed
on the Inabanga river in order to augment the water supply capacity. The proposed Tipolo
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Dam is located approximately 10.5 kmt upstream from the proposcd Trabanga gated weir,
Tipolo Dam is designed to be of rockfill type dam taking account of the prevailing gcological
condition in Bohol Island. A power station with an installed capacity of 2,400 kW is
proposed at the downstream location of the dam. In the second stage, thus, the tailwater
released from Tipolo power station is planned to be off-taken at the downstream wei site.

Table D-6 and Figures D-36 and 1D-38 present the detail features of the project.

D7.3  New Water Supply Projects for Baguio Cily
D7.3.1 General

The recommended water source of Baguio City water supply is the Laboy river located
approximately 8 km southeast of the Baguio City.

The gated weir scheme is a candidate and the proposed site is located approximately 15 km
east-northeast from Baguio City. A dam scheme is the other candidate and the proposed site is
located approximately 12.5 km northeast of Baguio City. The proposed water treatment plant
is located east-southeast about 8 km and 10 km from the proposed sites of the two candidate
schemes. Treated water from the water treatment plant will be sent to the regulating reservoir
for water supply to Baguie City.

Table D-6 and Figures D-39 to D-44 present the detail features of the candidate schemes.

D7.3.2 Laboy Dam Project

The proposed dam is located approximately 14 km west- northwest of Baglno City. This
project is composed of a rockfill dam, one (1) pumping station, four (4) booster stations, water
conveyance pipe line, water treatment plant and regulating reservoir. Table D-6 and Figures
D-40 and 13-42 present the details of the project.

D7.3.3 Labey Weir and Pond Project

The proposed weir is located approximately 16 km west-northwest of Baguio City. This
project is composed of a gated weir, a desanding basin, one pumping station, three booster
stations, water conveyance pipe line, water treatment plant and regulating reservoir. FTable D-6
and Figures D-41, D-43 and D-44 present the details of the project.

In the latter part of the second stage field investigation, the JICA Study Team was informed
that the intake structure of BOT-based water supply project for Baguie City was planned to be
provided on at the downstream reach of the proposed dam site. Therefore, the water resousces
development plan for the Laboy basin, which aims the municipal water supply to Baguio City,
was contemplated in consideration of the BOT scheme industrial purposes of Baguio City.

If a proposed rockfill dam is constructed at the upstream of the BOT scheme, it could regulate
and supply enough water for domestic and industrial purpose. Thus, the rockfill dam scheme
has an advantage over the gated weir scheme because of the storage volume and the regulating
capability. Figures D-39 illustrates the layout plan of project.



ot

D74 New Water Supply Projects for Other Major Cities

The preliminary design was cairied out for Bacolod City, Cagayan de Oro City and Davao
City.

The proposcd Bago multipurpose dam would be an alternative to supply municipal waler 10
Bacolod City in the future. The proposed Bago dam is located on the Bago river near the
town of Murcia, 25 km southeast of Bacolod City, the capital of Negros Occidental.

Regarding the cities of Cagayan De Oro and Zamboanga, swiface water development which
aim at municipal water supply are contemplated as shown in Figures D-45 o D-47.
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Preliminary Cost Estimate

Methodology and Procedure Applied

The basic assumptions and conditions employed for the cost estimates for the master plan
study are sct forth with reference to those adopted in the Agno River Hood Control Project
(Phase 11}, Pinatubo Hazard Urgent Mitigation Project and other similar on-going projects.

The vnit price data as well as data and information on construction materials and cquipment
were collected the following sources during the field investigation:

m

(2)

(3)

Lacson CIP Project in the around of Davao City (Region XI)
-Unit price of the civil construction works and constiuction equipnient

Lubogan CIP Project in and around Davao City {Region XI)
-Unit price of the civil construction works and construction equipnient

Data source; Cost estimate report for Maasim dam and reservoir
-Unit price of the civil construction works and construclion equipment

Data source; Cost estimate report for Bayabas dam and reservoir
-Unit price of the civil construction works and construction equipment

Agno River Flood Control Project (Phase 1)
-Unit price of the civil construction works and construction equipment

The location of the concrete aggregates or plants was selected at the nearby arca of the
proposed project site considering the scale of the structure.

The consiruction cost consists of costs of the civil works, land acquisition and compensation,

administration cost of executive agency, cost of engineering services and contingency. The
project costs were estimated on the basis of the following procedures and assumption:

1y

2)

3)

4)

The cost estimate is carried out at the price level on July 1997, The exchange rate of 1
US$ = 27.7 Pesos in July 1997 is applied to estimate the cost.

All the construction works are executed by contracting systern, and the civil works are
carried out by the contractor,

All equipment and their spare parts required for the works are provided by the
contractor.

The cost required for civil works consist of cost for preparatory works, main civil
works, architectural works, mechanical works and miscellaneous works. In case that
the total project costs had bean adequately estimated in the previous studies, they were
escalated . with the adjustment factors to derive their present-day construction costs.
The adjustment factors used for the purpose are oblained through the examination of
the historical price escalation data as discussed in Part-A of this Supporting Report.
With regard the projects identified newly or new constructton works proposed in this
study, their construction costs were estimated with the cost formulae shown in Figure
D-48. As for the construction works to which those formulae are not applicable, the
quantity calculation therefor is made on a 1 to 50,000 scaled topographic maps. After
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3)

6)

7

8)

9

then, the quantities are priced by multiplying them by their unit prices, which are
determined with reference to those in the similar projects in the Philippines.

The unit price applied includes costs for the materials, plan and equipment including

the spare parts, operators, technician, tabors and contractor’s overhead, vrofit and the
local taxes.

The costs for preparatory and other works are assumed to be 10% and 5% of the cost of
main civil works, respectively.

The cost for land acquisition and compensation of house, paddy field and plantation are
estimated based on the 1 to 50,000 scaled topographic maps,

The engineering services and adminisiration costs are assumed to be 6% and 5% of the
sum of the costs for the civil works and land acquisition and compensation,
respectively.

The physical contingency is assumed to be 10% of the sum of all above costs.

10) The construction cost is further divided into foreign and local currency portions to

enable conversion of the financial cost into the economic cost.

11) For estimating of the unit prices for the civil works, the unit price of labor wages,

materials and equipment expenses, which are currently applied to the similar projects
in the Philippines, are utilized in this study.

12) The annuat operation and maintenance cost of each project is approximated as follows;

D8.2

- 0.5% of the total construction cost for civil works.
- 2% of the total installation cost for the hydro-mechanical equipment.

Preliminary Cost Estimate

The preliminary cost estimate was carried out for the proposed water supply project for Metro

Mani
cities

la, Metro Cebu and Baguio City. The proposed water supply projects for those major
are as follows:

1) Candidate schemes for the Metro Manila

2)

3

- Kanan-Umiray Transbasin Project (KUTP)

- Maasim and Bayabas Dam Project

- Kaliwa-Cogeo Water Supply Project (KCWSP)
- Pampanga Water Conveyance Project (PWCP)

Candidate schemes for the Metro Cebu water supply

- Malubog-Mananga Transbasin Project

- Bohol-Cebu Water Supply Project including Fipolo Dam Project
- Lusatan- Plambato Water Supply Project

Candidate schemes of the Baguio Cily water supply
- Laboy Dam Water Supply Scheme
- Laboy Weir Water Supply Scheme



The estimated project costs are summarized in the Tables D-8 and D-9.

The detaited Bifl of Quantities for the aforcsaid water supply projects for major cities are
tabulated in "Tables D-11 to 1321, respectively. '

Ng.3 Consl:"uction Schedule

‘The preliminary construction schedules for the respective water supply projects were sel up
taking into account the work quantitics involved thercin as depicted in Figures D-49 1o D-55.
As seen in those Figures, it is estimated that the total construction period of those projects
would to be 6 1o 7 years, including the period for the detailed design.



Nno Operation and Maintenanee Plan

The specific operation and mainicnance plan for each facility proposed under the current
master plan should be prepared in the course of its feasibility study and futher in its detaited
design stage, because the nature and content of the operation and maintenance plans for some
specilic facilitics are sensitive to the local natural conditions, purpose and scale of the
components of the schemes. The operation and maintenance plan for each specific facility is
one component of the comprehensive water resources management plan,

Here, instead of preparing the operation and maintenance plan for the specific facilities, the
items to be incorporated in the water resources management plan are listed below:

Watershed management
- Restriction of land use in the catchment area
- Conservation of forests
- Restriction of deforestation
- Restriction of slash-and-burn agriculture
- Promotion of reforestation

- Promotion of sand aresting and/or erosion control works in the upper reaches of
the basin

Discharge management

- Flood discharge

- River maintenance flow

- Diversion intakes

- Sediment discharge

- Velocity controi of fish way

Environmental preservation of water quality

- Proper slag management of mining operation
- Control of factory wastes

- Preparation/extension of sewerage system

Improvement of old facilities
- Improvementinnovation of old/damaged facitities

For the existing five (5) large dams in Luzon Island, the flood forecast and warning systems
which consist of several telemetered rain gauges control in and around the dam watershed,
telemetered reservoir water level gauges and a control system have been provided and
effectively utilized for the management of the dam operation. These exisling systems,
however, are provided to function literally for floods. In the future, some significant river
basins of the Philippines may be managed under the integrated manner, not only for flood
control, but also for water allocation in the droughts. Ta realize such an advanced water
management system, the following monitoring systems should be successively introduced in
the dam schemes proposed under the current master plan:

i) Rain gauge telemetering system not only for the catchment of the dam, but also
for the downstream plants

i) Water level gauge telemetering system not only for the reservoir water level, but
also at some strategic points of the river course

i) Water quality monitoring telemeters



iv) Simulation system such as

Rainfall prediction system for typhoons

Short time rainfall prediction system

Flood prediction system

Low water level simulation system (inflow and outflow calculations for the
reservoin)

integrated operation of multi-reservoirs,
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Table D-1 LIST OF LARGE SCALE DAMS IDENTIFIED IN TIIE PHILIPPINES (1/5)

COORDINATES OF DAMSITE DA, Vi TTVURROSE

NO. SITE RIVIR FROVINCE NTAT,  ELONG  S3 Km. (M T "F ¢ M8 EIC. AG
REGION |
1 B BLLU ILOCOS NORTE 183108 120-50-51 155 He XX NI
1 VINTARF1 HLOCOS NOKTE 13-21-52 120-46-54 558 8 X X X X
3 DADALR BANBANRIWFR  ILOOCOSNORIE 19-28-24 12-43 47 3261 80 X X X X
4 VINTAR#? VINFAR 1EOCOS NORTE 18-31-55 120441 139 160 X X NiA
$  SULBEC PASUQLIN HLOCOS NORYE 1B-20-54 1203845 1Y W X X X
6 TAMDAGAN TAMDAGAN ILOCOS NORTE 181757 120-46.02 b1} W X X X X NIA
T SOLSONA M CURA ILOCOS NORTE 18 00-15 120-50-57 67 % X X X X NIA
3 SOLSONA#R LABUGAON 1ILOCOS NORTE 18-06-45 120-50.23 $ot 1o x X X X NIA
% SOLSONA €3 SOLSONA ILOCOS NORTE 18 04 55 1204504 9 % X X X X ONIA
10 DINGRAS MADONGAN ILOCOS NGRIE 180029 120-45.39 154 W X X X X NA
Il SO. SACRITAN HAOCOS NORTE 175351 120-35-28 an 30X X X
12 SI0NINO PAPA 1LOCOS NORTE 1751-% 1203346 51 W X X X X NA
13 NUEVA FRA BANGA 1LOCOS NORTE 175337 1204452 52 10 X X X XN
11 NAGREBCAN TIBANGRAN ILOCOS NORTE 1753 47 120-318) 72 120 X X X X N
15 PALSIGUAN PALSIGUAN ILOCOS NORTE 1243 45 120-43.47 153 B X X X X NA
15 BANUCAL LANCUAS ILOCOS SUR 1171 122330 55 1 X X X X NA
17 BUGLY SEA. MARIA ILOCOS SUR 171433 120-32.42 3 o X X X X Na
18 BUAYA BUAYA ILOCOS SLR 110827 120-33.38 10 1% X X X X NIA
19 UPBUCNIT ABRA {1 ILOCOS SLR 17:03-30 1201143 515 3 X X X X NPC
0 BUCKIT ABRA ILOCOS SUR 120518 V204100 563 19 X X X NIA
N SUAGAYAN DAGMAN ILOCOS SUR 1706-43 120-40-02 2791 0 X x X X
22 NAMITRIT NAMITHIT IOCOS SUR 17:05-30 120-4105 74.49 0 X X X X
25 SUYSUYAN BALASIAN ILOCOS SLR 17:0730 120 4120 16443 1o X X X X
M LOBONG ClICo#L ILOCOS SLR 16-58 47 1203110 1 W X X X X NIA
3 USH CHICO 2 OCOHS SUR 15.58-26 1203347 150,74 B X X X X NIA
% TIBUNEC BAXLIN ILOCOS SUR 16-52-30 120-32.52 141 90 X X X X ONIA
17 DAYAPAN MALAYA 1LOCOS SR 16-55-10 1204112 21483 W X X X X
3 LUYA AMEBURAYAN 1LOCOS SUR 16-47-40 12.32.30 510 0 X X X X NIA
79 AGAGRAD AGAGRAD ILOCOS SUR 12230 120-33.24 75 15 X X X X NA
30 BANGANG ABRA H.OC0S SUR 113330 120-28-18 7421 10 X X XX NA
31 AMLUAGAN DAMANIT ABRA 17.13.35 V204300 1437 100 X X X
31 KUMANGA DITONG ABRA 171110 1204324 92.39 19 X X X X
33 BOYAN IKMEN ABRA 17-24-27 120 46-35 25552 o X X X X
34 MABUNGTAT MANIKBELR. ABRA 17-28-26 120-20-52 4051 8 X X X X
35 CALIABAN MANIKBEL R. ABRA 17-27-3 120-45.50 €6.28 80 X X X X
35 UPPER MAGUYEPYEIBLICLOC R, ABRA 13-26-50 F20-43.07 U679 @ X X X X

g 37 BUCLOC . SULDER (R. ABRA 17.26-34 £20:52.04 192.35 ¢ X X X X

& 33 TOQUENG (KM ABRA 17.22-48 120-49-33 185.4 X XX X
3 DANAC EKMIN ABRA 122305 120:52.38 117,78 56 X X X X
40 DAGLIGMAN BUCLOC ABRA 17-27-25 1205500 9176 50 X X X X
41 TAPINGH BAAYR. ABRA 17-33-55 1204550 L4741 W X X X X
42 SURUSOG ABAS ABRA 17-30-54 104625 809 6 X X X X
43 PAGANAO MALANASR. ABRA 173950 120-49-14 2038 120 X XX X
44 BICUAN KAWAYAN ABRA H-37.00 120-54-00 1238 @ X X X X
45 TARING #2 LINGAS ABRA 17-35-24 120-97-25 £8.23 80 X X X X
46 KAPUALAN KAWAYAN ABRA 173239 12025723 £2.68 8, X X X x
41 OMAGLY MALAPAADR. ABRA 17-5%-14 1203503 a2 0 X X X X
4% PALANG : ABRA 17:34.03 1203029 s W X X X
49 ARAB SINALANG ABRA 17-30-59 1263115 12393 0 X X X
50 BANGUED MALAPAAD ABRA 17.43.20 120-33-34 60.51 80 X X X X
$1 BANDI SAQUET-SOOTR.  ABRA 174310 120-38-40 H794 W X X X X
32 LANGIDEN MALAPAAD ABRA 17-40.50 120-32-30 93,45 80 X X X X
33 TINEG #1 TINEG - ABRA 17-47-0 120:57-35 3953 B0 X X X X
54 ALADA BENONGAN ABRA 17.45.22 1205220 432 WX XX X
35 TINEGH) TINEG ARRA 17-45-30 1205200 49.05 200 X X X X
56 TINEG §2 1NEG ABRA 17-41.00 120-47-00 32 W X X X LN
ST ABUALAN ABRA 17-42.55 1201639 7706 120 X X X X
58 NAGLIBACAN ANAYAN ABRA 17-31.30 1205300 170.87 0 X X X X
5 DURLAS DUFLAS R. LALNION 15-49.08 120-29- 38 30.3% ® X X X X
60 DRISSOR CABASITAN R, LA LNION 16-39.28 120-26.08 31.25 0 X X X X
61 RizZAL GALIANG LAUNION 162240 120-26-00 12637 M X X X X
62 BAGULSN NAGUILIAN LA UNION 16-36-33 1202735 319.08 W XX X X
REGION I . : :
63 SISIRITAN ABLLOG KALINGA-APAYA 180992 F21:21400 1951 4 X X X X NEC
64 BLBULAYAN ABLLOG KALINGA-APAYA 180618 121-48:18 1679 WX X X X NEC
65 GENED ABLLOG KALINGA-APAYA  1805-18 121-15-35 1661 15 X X X X ’FC
& BULY ABULOG KALINGA-APAYA - 130230 121-13:00 1600 M X X X X NRC
67 NABABALAYAN  APAYAD KALINGA-APAYA 130200 1210800 1050 m X X X X NFC
68 DIBAGAT APAYAD KALINGA-APAYA 180520 . 1110600 i 0 X X X X NFC
63 AGBULU . APAYAD KALINGA-APAYA 180820 . tH 0500 763 s X X x X NPC
0 AOAN APAYAQ KALINGA-APAYA 131330 . 1200020 147 0 X XX X NPC
7i PINUKPUK SALTAN &1 KALINGA-APAYA 173906 © 121-23.52 8174 M X X X X NEC
72 ADAGA SALTAN 82 KALINGA-APAYA 113045 1211620 3534 125 XX X NIC
73 SALTAN I SALTAN #4 KALINGA-APAYA 173030 1201100 7044 185 X X X NFC
74 SALTANS SALTAN #5 KALINGA-APAYA  17-30:04 P1107-00 1458 210 X X X NEC
75 NANENG TANUDAN KALINGA-APAYA 172315 b21.16-9 385 155 XX X NPC
W MT. BOLANTOT PASIL XALINGA-APAYA 17-23-}5 32 09-30 250 114 X X X X kil

Data Source : The Survey/tnveatry by the Naticoal Water Resources Council Aprit 1978



Table D-1 LIST OF LARGE SCALE DAMS IDENTIFIED IN THE PHILIPPINES (2/5)

CODRDINATESOF DAMSIIE__ OA, DL FURIOSE

bl SITE RIVIR FROYINCE NTAT, EIONG S Km. i 1P TC WMETETC, AGENCY
REQIONH

71 BANATAD MALLIG 2 KALINGA-APAYA 171806 121-23-55 i 1nmw x X X X NIC
7 BASAQ CHIC0 0 KALUNGA-AFAYA 171432 1210230 530 6 X X X X NIC
79 TOMIANGAN CHICO T4 KAUNGA-APAYA  17:23-3% 12t-13-37 tng 1w X X X X NEC
80 BONTOC CHICO N M. FROVINCE, F2-04-18 120-56-30 m 1w x X X X NPC
81 SADANGA CHICON? MT.FROVINCE V708.53 10348 0 W X X X X NIC
31 TAOTAO TAQTAD MT.FROYINCE 16.51-16 121-33-02 387 0 X X X NiC
83 TABLK MALLIG R MT, FROVINCE 171620 1283206 563 w X X X X NPC
84 NATONIS sHrR ME. FROVINCE 170800 121-30-10 14 100 X X X NPC
85 PASTCR SIFFU 2 MT.FROVINCE 1705-53 121-20-18 59 140 X X X NIC
RS ALMITEY ALIMIT ILGAQ 16-45-20 214630 513 20 X X X NIC
87 ALIMIT RY ALIMIT IFUGAD 16-54-00 125672 42 120 X X X NPC
83 HUOAB 1BULAD IUGAD 16-44.36 1111000 5164 120 X X X KPC
89 CAPISAYAN DUMMON CAGAYAN 18.03.06 121.55-15 1952 5 X X X X NIC
90 ZINUNDUNGAN  ZINUNDUNGAN  CAGAYAN 17:59.45 268 152 60 X X X KPC
51 MATALAG MATAFAG CAGAYAN 17-99-53 1202497 515 130 X X X NPC
91 BANTAY PARET CAGAYAN 17.55-00 11-40.00 735 30X X X X NEC
93 DABBA PINACANAOAN DE TICAGAYAN 17.42.05 121-5005 452 0 X X X X NPC
o4 MG ZIMIGLL CAGAYAN 15-21.45 1214806 31188 M X X X

95 STA. ANA PALAWIG CAGAYAX 18-22-55 1221206 100.03 % X X X

o STA FILOMENA  NAGABARON CAGAYAN 18-00-30 210410 6514 w N X

97 SANPAELO FINACANAOAN ISABELA 172802 121-49 1098 uo X X X NPC
98 TLMALININY PINACANAOAN ISABELA 171825 121-57-38 165 0 X X X X NPC
$9 MARIANO PINACANADAN DETLISAREIA 16 41 36 1220400 K261 w X X X X NPC
100 CATALANGAN CATALANGAN ISABELA 16-5%.24 1720405 1864 ns x X X X XFC
101 MARIANOD DESABUNGAN ISABELA 16-51-36 12208-35 1806 5 X X X X NFC
102 MADELLA DABUEBL ISARFLA 16-22-09 1203812 1335 £0 X X X NFC
103 OSCARIS MAGAT 1SABELA 161753 102237 4 w X X X X NaA
104 BALLASANG ABUAN ISASELA 170505 122.03-03 93 4 XX NFC
105 DHVISORIA CALUMANGAN ISADELA 170140 122:41-10 ne W X X X X

106 PALANAN HNACANADAN ISABEEA 165515 122-23.50 363 6 X X X X NA
167 MADELLA DIBLLUAN QUIRING 1625565 121-50- 8 1923 1 X X X X NPC
108 MADELLA CAGAYAN 1 QLIRIND 162201 121-44.06 23168 50 b NPC
109 FINARIPAD ADDALAM QUIRING 167736 1283450 8431 8 X X X NPC
110 MADELEA TABOYONG QUIRIND 16-01 04 1207733 1231 95 X NPC
H1 MADELLA DIDUYON QUIRIND 16.15-53 1212647 as4 10 X NEC
117 DAKGAN CASECNAN QUIRIND 16-03.04 121:27-3) 220 Hy X X X X NPCANIA
133 CABINGATAN CONWAP QUIRING 16-53.32 k21-3331 1473 Bs X X X X NA
114 GADENG CASECNAN NUEVAVIZCAYA 160130 £21-20-54 565 156 X XX A NPC&NIA
115 BARAT MATUNG NUEVAVIZCAYA 1624 30 1210320 583 176 X X X X KEC&NA
116 STA. CRUZ STA CRUZ NUEVA VIZCAYA  1622.00 1210200 %9 73X X X X NPC
147 KAGIPHIPAN CASICNAN NUENVA VIZCAYA 160129 $H.22-43 &1 160 X X NI
REGION Ll '

1S ANGAT ANGAT BULACAN 145455 1211006 568 X X X X X KK
119 5TA MARIA STA.MARIA BULACAN 145015 1210525 Ml o X X X X CLVCA
120 BAGONG BAVABAS BULACAN 14.5734 1216426 834 w X x X X (LVCA
12l BALACAG BALACAG BULACAN _ a0 B X X X X Na
122 SALAPANGAN SALAPANGAN BULACAN 15-01-56 1010035 524 00X X X Lvea
123 MAASIM MAASISL BUEACAN 15-00-37 1210020 3 w X X CLVCA
124 BARDIAS#1 ELLU BULACAN 15.14.36 121.02.30 # 0 X X X CLVCA
125 MT. BISCAL BLLY BULACAN 15-13.59 120-06-00 45 9 X X X X CLNCA
126 MADLLM MADLLM BULACAN 151127 120-06-06 % B0 X X X X CINCA
127 SAN ROQUE AGNO PANGASINAN 160731 F30-01.00 22 wm X X X X NC
128 KALIFLIP TOROY PANGASENAN 1608 28 §20-33-30 2 0 X X X X NPC
129 LUBAS TOROY PANGASINAN 16-05-43 1203955 bl 120 X X X X NpC
130 BAVAQAS BAYAOAS PANGASINAN 1545k 120337 3] 9 X X X XN
1M FiLA FILA PANGASINAN 154437 1201458 156.47 BEX X X X N
132 BALINTINGON SUMACBAD NUEVAECUA 151801 REEAY 86D HOOX X X X X (NCA
133 LUBINGAN LUBINGAN NUEVA ECUA 153100 DS LY 25 X X X X QNCA
134 ANTIFAS ANTIPAS NUEVA ECHA 15-31-4) 121-15-10 3 8 X X X TLvCA
135 BUGNAM BUGNAM SUEVAECHA 15.26-53 1211622 » 7 X X X NIA
1% UPPERCORONEL  CORONEL KUEYA ECHA 15-25-30 1262130 64 0 X X X CLVCA
337 CABU TALKCIIC NUEVA ECUfA E5-2118 1210700 n 0 X X X X Na
133 PAPAYA CHICO NUEVA ECUA 352039 1211026 124 8 X X X X NA
139 MARINAT MARINAT NLEVA ECUA 1$-32-32 1214833 44 0 X X X X CLVCA
140 KALAANAN DIGMALA NUEVA ECUA 15.39-35 RE205 82 9 X X X X N
Hl CANAAN BANCO NUEVA ECIA 154149 8200018 n X X X N
1927 UPMARINGALO  MARINGALO NUEVAECUA 155916 120.59-30 3% 4 X x X Na
143 PANTABANGAN  PAMPANGA NUEVA ECUA 154900 1210635 85 1O X X X X X N
141 MARINGALD TALAVERA NUEVA ECUA 155623 §20-00-35 52 54 X X X NA
135 AMPUKLAD AGNO BENGUET 162842 12044 43 641 129 X X X NFC
11 BINGA AGNO BENGUET 152510 120:43-29 936 ) X X X NPC
147 VEB-EO AGNO BENGUET 151701 1204426 10 w X X X X NPC
148 TAYUM AGNQ BENGUEY 161458 1204300 Hag 4 X X X X NIC
13 BLCAU BUCAU ZAMBALES 151525 1201600 1] W X X X X QuCa
150 MARFLEA MARHIA ZAMBALES 150227 120072 7 % X X X X CLVCA
151 MAPANUEFE MAPANULPE ZAMBALES 14-53-30 1201800 ] MW X X X X CLvea
152 CANOFLARIA MAMBORAW, TAPOS ZAMPATES 15-18-47 121420 6436 10 X X FSDC
133 _CAMILING# 2 CAMILING TARLAC 15-32.57 126.18-32 2287 13 X X X X NA

Data Source : The Survey/Inveaty by the National Water Resources Covncil, April 1978
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Table D-1 LIST OF LARGE SCALE DAMS IDENTIFIED IN THE PHILIPPINES (3/5)

_COORDINATES OF DANETIE ~ DA D15 FURTOSE
Ng. SIHE RIVER PROVINCE N.IAT, EIONG —SgKm o "1 P 4C WA ETC AGENCY
REGION 1
150 SL1A BULSA TARLAC 15110 1202827 2496 ¥» % X X NI
155 BALOG-BALOG BLLSA TARIAC 15-25.51 120-2¢-1% 2 9 X X X X X NA
155 QDONNEL, BANGAT TARLAC 151920 120-17-48 a3 & X X X NIA
157 QDONNEL R ODONNELL TAREAC 151102 RO 403 0 X X X CLvea
133 SANNICOLAS MARIMEA TARLAC 15-15-18 §20-31.57 75 0 X X XoCLvea
150 BAMBAN MALAGO TARLAC 1514 03 1702818 355 0 X X X Q1ACA
160 DOLORES BAMBAN TARLAC 151420 120:33-30 35 WX X X X CLVCA
161 GEMAIN GUMAIN PAMPANGA 13.01-30 §20:27-45 ] X ¥ X X LCva
162 STA. ROSA AMEBAYADAN NUEVA VIZCAYA 164224 1304505 2564 151 X X X XONIA
163 MALLPA MALUPA QUEZON 154440 112430 02 M X X X X MA
REGIONIY
154 WAWA MARIKINA RIZAL 14.43-30 121:31-54 280 £35 X X N X Mwss
165 CALIRAYA CALIRAYA LAGUNA 141505 121-35-30 915 106 X X NG
M5 LOWER AGOS AGOS QUEZON 144130 1213200 g3 130 X NEC
167 DARAITAN KALIWA QUEZON 143600 111.26-10 350 1% X XX MWSS
168 SANTA ROSA ADOS QUEZON 13-33-5 $22-22-40 4344 X X X X
163 FICSAAN GUINJLALINAN QUEZON 13:41-30 N85 5475 0 X X X X
170 BINUNGA BOAC MARINDUQUE 13-23-57 i20-55-73 153 w x x X NiA
b1 MORENTE BONGABONG MINDORO 12.4)-50 121:61-48 34912 ®» N X X
17 BONGABONG BONGABONG MINDORO 12.4%17 120-2018 149.27 X X X X X
173 BANUTAN BANUS MiNDORO 12-55-00 12)-22-00 604 nmoNoxX X X
114 MALL'BAY BALETE MINDORO 12:57:50 1212030 109.78 "X XX X
175 PAMBISAN FULA MINDORO 130015 121-20-20 17161 WX X X X
136 TANGON SALANGAN MINDORO 130637 1204712 9387 WX X X X
177 BANGIHMTS, TANGUILAN MINDORC 13-16-20 120-34-20 3521 €D X X X X
178 LUMINTAD LUMINTAQ MINDORO 12-30-30 12007-4) F5Y M X X X X Nia
179 AMNAY AMNAY MINDORG 130100 120-56-30 m mox X X X NA
180 PATRICK PATRICK MiXDORG 1283 4 120-58-10 1% L S S X ANIA
181 PACLOLO CAGARAY MINDORO 122350 121-11-50 401,13 ®x X X X
182 CABIRIAN LARANGAN MINDORO 122819 FH-01-00 155 50 X X X X
183 FITOGO BLGSANGA MINDORO 123503 121-08-51 388t T X
154 SAN MARIANG BARCC MINDORO 123720 121.2402 8299 ®»m X X X X
185 BATANGAN MONGEONG MiNDORO 12-43-05 205750 130 0 X X X
1%6 BANSLO AINDORG 115244 1242224 56.23 W X X X X
187 COGON MARANGAS PALAWAN 8.4F-52 1873112 4222 1840 X X X X
- 3 183 MLANTROPIA FILANTROPIA PALAWAN 8-37-G6 117-53-53 4 %0 X X X X X
: 139 QUEZON KINLUNGAN PALAWAN 505 48 #4310 3843 WX X X X
190 QUEZON LAMAKAN PALAWAN 0L6-10 12-52-35 1043 w0 X X X X
191 ABORLAN PANANCAN PALAWAN 9-17-58 1182106 3664 X X XX
192 MALASGAC K) MALASGAO | PALAWAN 92423 tg-n g 10756 Ho X X XX
193 INAGAWAN INAGAWAN PALAWAN 93110 113.35.16 L1785 80 X X X X
134 IWALLG TWAILG PALAWAN G400 118-36-00 5423 40 X X X X
195 BARRAQULY ABORLAN PALAWAN 9-28-18 118-23.00 047 o X X X X
196 BATON-BATON BATON-BATON PALAWAN 94700 31600 7 1M X X X X
197 APURAUAN APURAUAN PALAWAN 9-35-00 118-24-33 18.94 W x x X X
195 BABUYAN BABUVANRIVER  PALAWAN 10-03.00 118-53.00 0329 8 X X X X
199 CARAMAY RIZAL RAVER PALAWAN 12612 119-10.42 129.33 % X X X X
M0 LANGOGAN LANGOGAN PALAWAY 10-03.00 119.06-36 198,47 % X X X X
201 ROSARIO MALAKINILILOG BATANGAS 13.43-24 1210708 23461 40 X X X NKC
202 GEN.LUNA HINGOSO QUEZON 13 41.50 122-13.50 EnEY ) ) X X X x
203 MONTALBAN S FLURAY RIZAL 14 4600 1211050 kXA 50 X X = X
REGION V
X4 TALISAY AVBAY ALBAY 13.13.00 1232300 146 50 X X X X BREDP
205 PULANTUNA PULANTUNA CAMARINESSLR 135101 1215450 288 W X X X X PBRBOF
06 CULALING CULALING CAMARINESSUR  13.92.00 122-54 00 101 H X X X N BREDP
X7 SALVACION MANAPOT CAMARINESSUR  §%-4300 123-51.03 3598 WX X X X
28 LABD . LAEO CAMARINESSIR | 140445 122-43.C0 6253 10 X X X X
X9 MALABAGO oVIoY CATANDUAXES 135818 1230050 3245 M oX X X X
HO SAGRADA YIGA CATANDUANES 13-50.10 1221600 33k 1o x X X X
N PAGSAGNAMAN EATO CATANDUANES 134500 1241619 .28 10 X X X X
NI MARARIW NARANGASAN MASBATE 121458 22-25.50 373 b x X X X
113 SIMBARAN BITO MASBATE 112924 123-43.43 5155 MoxX X X X
214 PINAMAVATICAN  BANADLRO MASBATE 121302 123-3306 5304 WX X X X
EGION V) ‘
23 PANGLANGANGAN TwULUAN ANTIQUE 104430 122.67.00 67.97 1 X X X X
2§ VILLASALOMAN — 1PAYOQ ANTIQUE 105441 1226315 5193 10 X X X X
207 SANAGUSIIN CANGARANAN ANTIQUE L0500 122-53-43 6311 o X X X X
NI GROSO PALIWAN ANTIQUE 1-05-10 122:07.33 1333 150 X X X X
2i9 PAN-AN DALANAS ANTIQUE 11-15-23 172.06-38 §12.:03 190 X X X X
20 CAMANSIIIAN BACONG ANTIQUE 11-25-10 122-05.50 Ny 50 X X X X
2t RiZAL MANINTLA ASNTIQUE 10-35 <F 122-1¢-22 1£4.85 19 X X X X
r} LEINA MAOIT ANTIQUE 10-35.32 $22.64.50 14847 50 X X X X
213 LIRACAC AXLAN AKLAN 12320 §22-17.10 25188 W X X X X
221 TALANGEAN LNGRABAN AKLAN 113235 1221510 113.69 » X X X X
25 MT.CAGUMAN EBAIAY AKLAN 4140 P2211.05 1734 m X X X X
225 CATARANGAN LN 1LOHNG 110420 122-23.00 4383 e X X X X
227 DAp ALIBLNAN LOILDY EE-LO-00 122-3612 18.77 100 X X X X

|
i
!

Drata Source @ The SurveyTnvertry by the National Water Resources Councit, Aprit 1978



‘Fable D-1 LIST OF LARGE SCALE DAMS IDENTIFIED IN THE PHILIPPINES (4/5)

COORMNAIES OYDAMSNE DA DN FLRPOSE
N _SIE_ RIVER PROVINGE, N_EAT, EIONG Sa®m b1 P _TC W& ETC AGENCY
REGION V]
78 TIGtM TIGUM iLoio 105515 122-23.00 6.9 w X X X X
220 CARLCLAN TANIAN OO 164150 1220430 7859 m X X X X
230 MAGALLON BINALBAGAN NEGROS OCC. 10-48 43 1230932 209,45 o X X X X NPC
231 BAGOI BAGORIVIR NEGROS OCC. 10-33-05 123 09-18 435,45 s X XX X NiC
132 BAGON BAGORIVER KEGROS OCC. 10-33-20 1230748 49 8 X X X X NPC
13 IWLABANGAN BT HILABANGAN NEGROS OCC, 9.56 00 122-55-00 3341 0 X X X X Na
334 WOG KRG oG NEGROS OCC. 9 4600 1225600 28306 » KX X X N
213 LOG KO ! 1LOG KEGROSOCC. 95200 122:5)-00 (53] w X X X N NI
215 HMILARANGAN B2 MILABANGAN NEGROS OCC. 95600 122-57.00 32047 W X X X X NIA
237 1810 1510 NEGROS OCC. 9.56.4 1223405 5632 1w x X X X
238 DAFDAPLGLE BINULUG CREEK  NEGROS OCC. 24130 122:3100 161.67 X X X X
231 MPALAY CAVATONGRIVER  NOGRQSOCC. 9 4653 £22-25-15 2301 % X X X X
290 TABLAS KANAI UM NCGROS OR, 927400 1224125 31.29 B X X X X
21 CATLMEAMAN  PAGATRAN NEGROS OR. 9.28-20 110425 w14 m X XX X
24 LGBO AGANON IWOHO 105314 122203 .43 w X X X X
REGONN]
213 STA CATALINA  CAUTTAN NEGROS OR. 9-18.13 122:55.00 5258 150 X X X X
234 SIATON NEGROS OR, NEGROS OR. S0 15 123-01-40 18096 130X XX X
245 BAYAWAN NI SICOPONG NEGROSOR, 92450 122-54.52 £83.3 WX X X X
23 MALLMINSAG LIBFRTAD NEGROS OR 10-03-00 21232 2258 i X X X b
247 BIGA PAGATRAN NEGROS OR 9-36-94 172.43-30 19 0 X XX X
245 BAVAWAN #2 BAYAWAN NEGROS OR. 9-27.00 122483 280 He X X X X
249 SAPANG DAKU  CEBU 10-23-10 123443 558 3 X X X X
250 MANTAUAN LANGLIYON CEBU 10 4205 123-50-2} 0.9 w0 X X X X
151 DANADOITY LUYANGRIVER {EBY 10-36-00 124-00-1 %93 I X NFC
RECIONVIN
35 BURAWEN & DAGUITAN LEYTE 133620 124-55:24 11316 30 X X NiPC
353 AMPARO AMPARQ LEYTE 10.08-30 1245620 86 W X X X X
254 CATMON SALOG LEYIE 10-22-50 1245540 » 0 X X X X
255 KATODLLSAN SALNG LEVIE 1015 35 1245020 £ o X X X X
155 BOJO SALLG LEYIE £0-27.25 124 4800 5215 120 X X X X
151 GUINSANGAN HIMBANGAN LEYTE 02130 125 06-40 41.69 10 X X X hY
258 BUNFAY BITO LEVTE 104425 124-5450 6 0 X X X X
253 CABAGNON RISAY LEYTE 10-23-20 12509-10 3% @ X X X X
0 ABLVOG IDGASAAN LEYTE 10-33-25 125.04 03 51 X X X X
361 OOLORES DOLORES SAMAR 120837 1250100 278 B X X X X NPC
362 GANDARA GANDARA SAMAR 11:59:40 1245538 222 W X X X X NPC
26) MAWO XY MAWO SAMAR 12-231% §24-23-4) 119,42 I X X XpC
264 GANDARA BLANCA SAMAR 1201-25 1245300 20333 0 X X X X
265 SANRURNOD HAVIBAN SAMAR 121330 13433.50 59.45 o X X X X
266 GENIUNA HIBLINAWAN SAMAR 120700 124 4400 61.53 M X X X X
287 ARADER BLGKO SAMaR 12:25-4 1244320 1043 0 X X X X
68 SOLONG PAMEBUKHAN SAMAR 12-21-20 124:51:1Q 11368 B0 X X X X
%3 TRULLO GULGANT SAMAR 12-75-40 £24-31.00 51 0 X K X X
270 1P WIEANOCREEK  SAMAR 12.20.25 124-43.10 an & X X X X
1 FONOD PATIKWA SAMAR 12:20:30 1243325 B owsd XXX X
272 POLAHONGON LAYOG SAMAR 103140 £24-58-18 3184 B X X X X
23 HIMAMARA SAMAR 10:37.30 12355- 2.9 80X X X X
271 MT.ASGAD SOLOTAN SAMAR 112353 125-42.25 7.9 w X X X X
275 CALBIGA CALBIGA SAMAR 113520 12504 8 263.35 @ % X X X
276 WRIGHT saMAR 11:54-30 125-1300 14445 0 X X X X
REGHON 1Y,
217 GIMALARANG  GUMALARANG  BASilax 63752 £23-52.00 81 B X X X NEC
13 PAGADIAN #1 LABANGAN ZAMBOANGAS 75320 1231632 148 W X X X X
29 PAGADIAN €2 FABANGAN ZAMBOANGAS 75550 1234920 -5 %W X X X X
20 MALALGAS SIBUGLEY ZAMBOANGAS 15320 12304 40 ta8.62 00 X X X X
I MOLAVER) BPOLD ZANMBOANGAS 81430 §23-2400 207 1 X X X x
287 MOLAVE #2 DIKAYO FAMECANGAS 81550 123.16-40 Ny 120 X X X x
B3 PASONANCA TLMAGA ZAMBOANGA S §-58-13 1220410 0t 150 X X X X
383 TAGASILAY 1Al ZAMBOANGAS 11840 122-1400 1368 0 X X X x
285 MACAN FIACAN ZAMBOANGAN 73138 FPIATNT S WX X X X
285 SIOCON #1 S1BLCO ZAMBOANGAN 7148 122-05.40 11954 w X X X X
287 PANGANURAN PANGANURAN  ZAMBOANGAN  7:2450 §2206 10 10117 W X XX X
1§ ANUNGAN ANUNAGHN ZAMEOANGAN  7:28:20 1220630 9387 1w A X X X
289 SIRAGUAY SIRAGUAY ZAMBOANGAN 73§20 112-10-30 5301 & X X X X
2% LABASON QUIAT ZAMBOANGAN 75890 122.26:00 62634 0 X X X X
291 S10CON#? SICON ZAMBOANGAN 14550 1224100 4589 B X X X X
297 SHOCON #3 LITOBAN ZAMBOANGAN  T-42.50 1229420 26253 0 X X X b
293 DISAKAN DISAKAN ZAMBOANGAN 82500 }23.03-35 1195 80X X X X
REGIONIX
294 ADGAOAN ADGAOAN T AGUSAN SUR 81900 125-39.00 n WK X X X BEW
%5 ADGAOAN ADGADAN I 2 AGUSAN SLR 82400 £25-30.00 129 2 X X X X EBPW
295 ADGAOAN ADGADAN 3 AGUSANSLR 82300 13-26-00 L) m X X X X BEW
257 ANDANON ANDANON AGUSAN SLR §-45-00 125.4500 193 13X X X X BPW
98 BAGLE BAGUE #i AGUSAN SLR 80500 125-35.00 a3 s X XX X BEW
%9 BAGUE BAGUE #2 AGUSAN SR 8-08.00 1252500 n1 MO X X X X BPW
0 BUNAWAN BLINAWAN AGUSAN SUR 81000 1260100 158 s X X X X _&PW

Data Source : The Survey/Inventry by the National Water Resources Council Aprit 1978




Table D-1 LIST OF LARGE SCALE DAMS IDENTIFIED IN THI PHILIPPINES (5/5)

P TC METFIC AGENCY

P L A R R A e e N e e e e e

P S W A R ]

COORMNATES OF DAMSITE TvA DI FURPOSE
NO. SITE RIVER PROVINCE, N.TAT, ETONG " SpKm. (M) ]
REGION X
Mt BUSILAD BUSILAQ AGUSAN SUR 3-38.00 135-3200 mn X X X X
30r CASAPA CASAPA AGUSAR SUR 31000 135-43 00 4 I X X x x
303 CAYAWAN CAYAWAN AGUSAN SLR 31600 1254000 m % X X X
301 PROSPFRIDAD GIBONG AGUSAN SER 33230 1258540 41 5 X X X X
305 KASILAYAN KASILAYAN AGUSAN SLR §-1600 1153300 107 0 X X X
306 LIBANG LIBANG AGUSAN SUR §-3400 125-35 (0 ) W X X X
307 MAASAM MAASAM 81 AGUSAN SUR 22500 125-35-00 351 85 X X X
308 MAASAM MAASAM 42 AGUSAN SUR £-28.00 125-25-00 84 1% X X X
¥ 0JOT o7 AGLSAN SUR £-40-00 125-32400 4457 WX X X X
30 WAWA WAWA AGUSAN SUR £13.00 123-42-00 m 1w x X X X
31V BUGAEBLS SLGABYS AGUSAN NORTH 8330 175-33.00 184 120 X X X
32 BUTUANCIIY BL'OABDS AGUSAN NORTS §-48-30 25-33-10 25262 0 X X X
N3 MANLUKLP AGUSAN ¥ | DAVAQ NORTE 7-32.00 ¥ 26-06-00 1% 20 X X X
314 SABAKI AGUSAN §2 DAVAD NORTE 7-26-00 12608 00 284§ 160 X X X
35 (HAGAN HIROAN DAVAO NORTE 8.0.00 125-49-00 38 8 X X X
316 LAGUM LAGELM DAVAO NORTE 15700 125-55.00 g5 6 X X X
317 SIMULAG SMULAC DAVAQ NORTE 15500 126.12-00 261 1w X X X
B UMASA UMASA CREEK DAVAONORIE 75900 125-54.00 % I X XN X
39 TALAKAG CAGAYANNO. | BUKIDNON B-14-20 1243425 76243 19 X X X
0 MALUKO FAGLOAN I BUKIDNON 8231 1245649 5679 1 X x X
321 KALAFIONGAN TAGOLOANIV-A  BUKIDNON §-29-37 121:50-21 131104 X X X
321 STA.ANA TACOLOAN IV BUXIDNON 83211 £23.47-00 2538 WX X X
3213 KICOAQ BUSUNALUAN BLUKIDNON 1.23.20 1233754 12424 150 X X X
324 MAMEURAYA CAGAYANND, 2 MISAMIS OR. 81934 124-36-14 £33.32 " X X X
305 CAGAYANDEORC CAGAYANND 3 MISAMISOR. 52423 124-31-% 1Ay n X X X
326 CLANERIA MALITROG MISAMISOR g .35-42 134-51.45 M4 17 X X X
REGION X1
327 LINGDAN (i¢] DAVAO NORTE 17500 135-57-56 29938 W X X X
318 MABANTAQ SIMONG DAVAONORTE 7.40:32 125-35-45 1041 % X X X
310 FAGUBMITAN KAPALONG DAVAQ NORTE 75140 125-31-0 1625 W X X X
330 MAGTUGA LANGITANG DAVAD NORTE 75321 175-32.7 3 X X X
3 CALINAN L DAVAQ DAVAQ SUR 21600 $25-13-50 1603.61 %0 X X X
3132 CALINANG2 SUWANAN DAVADSLR 2.16-35 135-18-30 1525 W0 X X X
333 TAGLANDASA SLMLOG DAVAD QR 15310 126-05-35 Hoss W0 X X X
338 TAGUGPO BITANAGAN DAVAOD OR. 70201 125-06-3F %.63 190 X X X
335 ANIBONGAN CASALAAN BAVAQ Of. 71138 135-21.1) 35244 10 X X X
336 QUINONOAN QUINONOAN DAVACOR. 10610 126-27.00 108 47 1 X X X
337 MADRIEVK§ TARACAN SURIGAD S, 94240 125-53.51 55 W X X X
338 MADRIDFZ CARACAN SURIGAOS 915-1% 1258415 2315 WX X X
332 MADRIDK3 EYAMIO SERIGAD S 21210 12554 30 %75 M X XX
3140 LUN GRANDE BIGLEN COTABATD S £.02-50 125-3930 29953 BX XX
REGION X1}
341 MULETANG 2 MULEFAND, 2 BUKIDNON 73300 1245400 517 M X X X
312 MARAMAG PULANGI 3 BUKIDNON 73316 125.00.13 3633 s X x X
313 LUMBAYAD PLLANGER 4 BUKIDNON 757400 1251600 LA26 1 X X X X
344 PULANGE PULANGI B & BUKIDNON 32100 1231400 336 0w X X X X
343 PULANGINOG, § PLEANGI 25 BLUKIDNON 13000 1251500 737 1o X x x X
346 KATUDAN LIBUNGAN NORTIICOTABAT  7-2300 124-33.00 357 B X X X
347} WTUBLD MALADUGAO ST NORTHCOTABAT 71600 124 4300 1347 M X X X X
343 GATA MALADUGAO#2  NORTHCOFABAY  7-3900 124 47.00 1068 B X X x X
349 MULUETA MULVETA ¥ ¢ NORTHCOTABAT 11340 1245500 1136 X X X
130 MALITUBOG MALITUBOG 1 NORVHCOTABAT 7500 1243900 351 6 X X X
351 MT. BABOY MALITUBOG #2 NORTHCOOTARAT 721400 134-39.00 473 1 X X X
352 DATUSANTILLA  PULANGESL NORTHCOTABAY  7-20)8 $24.54-48 5236 35 X X
353 BALATUKAN PULANGL# 2 NORTHCOTABAT 72314 125-01-49 4552 1 X X X
354 LAKESERU LANON SOUCHICOTABAT  6-1400 124 4400 53 55 X %
335 BATDAN CABILANAN#} MAGUINDANAO 6-33-00 P24 2200 568 20 X X X
356 PENAS CABILANAN#2 MAGUINDANAD 23300 1242500 514 1D X X X
357 TIUBANGAN MAGANOY #1 MAGUINDANAD 64300 1242400 g8t B3 X X X
358 MT.SULATAN MAGANOY #2 MAGUINDANAO 63600 1242800 39 1 X X X
350 LAGLILAYAN MAGANOY §3 MAGUINDANAO 631100 1242200 37 1 X X X
30 TRAN " TRAN SULTANKUDARA  5.45-30 124-05-30 %333 1o X X 0x
361 SAGUIARAN AGUST LANAO DEL SUR 80200 124-16.00 %376 3 X
362 KALANGANAN AGUSIN-A LANAODEL N, £03 06 1241445 1844.18 5 X
363 MATAMPAY AGUSEY LANAG NORTE 80700 124 1400 1872 i X x
364 LENAMON AGLS VI LANAQNORTE 81124 1220043 2000.83 43 X

Data Source : The Survey/Inventry by the National Water Resources Councif, April 1978
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Table D-6 MAIN FEATURES OF WATER SUPPLY PROJECTS FOR METRO MANILA (143)

Item Number Name of Cityf Project! Structure

Conditions

Iter Number Name of City] Project! Structure

Conditians

Metro Manila

1 - 1 Kanan-Umiray Transhasla Projest

{KUTP Scenario-2)

{Kanan Gam)

- Type of Dam

- Height of Dam

- Llength of Dam

- Ciest Hevation

- Storage Volume
{Diversion Tunnel)

- Type of Tunna!

- length of Tunnel

- Biameter ¢f Tunne!
{Intake Shaft)

- Diameter of Shaft

- Height of Shaft

- {Surge Tank)

- Diameter

- Height
{Hi-pressere Turnel)

- Diameter

- Length
{Powerhouse)
Benerating Capacity
Number of Unit
Water Conveyance Tunnel)

- Design Discharge

- Type of Tunnel

- Diarveler of Tunne!

- Length of Tunnel
(Inspection Tuane?)

- Width and Haight

- Length
{Fallow Jet Valve)

- Besign discharge

- Biameter

- Kumbers
(Access Road)

- Length

: Rocktil (2,200,000m")
1157 0m

: 430m

I m

11,526 x 10°m™gross)

: Prassure
+1,000m
1 bm

:3.5m
:B0m

1 20m
:55m

:3m
2 170m

+ 80,000kW
: 2008

: 18m’fses
: Cireular
:3.2m

2 14km

: 2.5miw) x 2.0mik)
:40m

: 18 fsee
1 2m

: Inos

 26,000m

Metro Manila

{KUYP Scenario-3}
{Kanan Dam)

- Typa o Bam

- Height ¢l Dam
- length of Dam
- Crast Eovalion
- Storage Volume

1 - 2 Xanan-Umiray Transkasin Preject

: Rocklil 12,200,000m’)
1152.7m

: 430m

(317.m

£1,528 x 10%0° (Gross)

Diversion Tunnel{Hi-pressure Turnel)

- Type of Tunnel
- Leagth of Tunnel
. Diameter of Tunnel

(Inteke Gate Shafi}

- Type

- Height of Gate

- Width of Gate

- Dasign Discharge

{Power Station)
Genersting capacity
Numbes of Unit

: Pressure
1 800m
: 5m to 3.5m

: Vertical Shafi
:3.5m

:35m

< VImYsec

s 21,000kW
|

Watet Conveyance Tunnel to Umiray

- Design Distharge
- Digmeter
- Numbers

- length

- 18m’Jsec
32m

|

s ldkm

Water Conveyance Tunnel{Headrace tunnel)

- Type of Tunnetl

- Biameter of Tunnel
- Design Discharge
- Length of Tunpet

{Surge Tank)

- Height of Shaft
- Diameter of Shaflt

{Hi-pressure Tunnel)

- Length of Tunael
- Diameter of Tunnel

: Pressure
r2m

: 5msec
: Z20km

160
2 15m

< 320m
3mig 2m

{Kanan- Xaliwa Power Station)

- Generating Capacily
- Humber of Unit

{Atcess Road)

- Length

3.900kW
|

50.000m




Table D6 MAIN FEATURES OF WATER SUPPLY PROJECTS FOR METRO MANILA (213}

1tem Number Nams of City] Project! Structure Conditicns Item Number Name ol City] Project] Structure Conditions
Metco Manila
2 - 1 Maasim Dam Project 3 KaliwaCogeo Water Supply Project
{Measim Dam) (Katiwa Gated weir)
- Typeof Dam : Rockfift {2,402,400m") - Type of Weir : Concrete Gated Weir
- Height of Dam 152m - Height of Weir : 36m
- Length of Dam : £400m - Length of Wewr 1 3%0m
- Cresh Havation 18Im - Crest Elevation :212m
- Storage Volume :100x 10°m’” (Active) (intake)
- Design Discharge : 3.05 m[sec - Design Discharge : 7.5misec
{Biversion Tunnel) - Height of inlet 126m
- Type : Pressure - Width of Infet :2.6m
- Diameter :5.0m {(Water Conveyance Tunnel}
- length :300m - Type of Tunnel : Nonpresswe
{Hi-pressure Tunnel} - Length of Tunne! < Yk
- Diameter :1.2m - Diameter of Yunnel 12.6m
- Length : 300m (Water Pond)
{Powerhouse) Width of Pond : 180m
- Installed Capacity : 4,900kW Height of Pond : 180m
{Access Road) Depth of Pond : 10m
- length :3.000m {Oesonding Basin)
z Width of Basin 1 10m
- 2 Bayabas Dam Project Depth of Basia : Brojmeans}
{Bayabas Dam} Length of Basin 1 70m
- Typz of Dam : Reckfil 18,500,000m’) {Mazin Pumping Station}
. Height of Gam :107m - Pump Capacily : 13,800kW
- iength of Dam 1620m - Numbers :3
- Crest Elevation :187m { Baoster Station)
- Storage Yolunwe 1 148 x 10°m* (Active) - Numbers -4
- Dasign Oischarge : 1.95 mlsec {Water Supply Pipe Line)
{Diversion Tuanei} - tength of Fige Line t1lkm
- Type : Pressure - Diameter of Pipe Line :1.2m
- Diameler :50m (Water Treatment Plant)
- Length : 500m . Storage Volume : 216,000m’
{Hi-pressure Tunnel) (7.5m’isec x 8"
- Digmetes :16m {Regulating reservoir}
- Length : 550m . Siorage Volume :BSO.DDBmafday
{Powerhouse) {Access Road)
- Installegd Capacity : 7.600kW - length : 2,000m
{Access Road)
- Length :5,000m
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Table B-6 MAIN FEATURES OF WATER SUPPLY PROJECTS FOR METRO MANILA 1313)

(tem Number Nama of Cityf Project] Struciure Conditions {tem Number Name of Ciyf Projectf Struclure Conditions

Metre Manila
4 Pampanga-Novaliches Transhasin Project

{Gated welr)
- Type : Concrete Gated Weir (11,500m’)
- Height of Weir 2 10m
- Length of Weir :300m
- Crest Blevation 18m
(intake)
- Design Discharge : 7.5m’lses
- Dimension : 3.6m™ x 3™ x 2o
{desanding Basin)
Width of Basin : 10m
Depth of Basin : bmimeans)
Length of Basin : 70m
{Main Pumping Station)
- Pumg capacity : 9,200k
- Kumbers :3
{ Booster Station)
- Nusmbers 15

(Water Sugply Pipe Line, Water
Treatment Plant and Reservoir)

- Lengthof Pipe Line 1B65km
- DBiameter of Pipe Line :1.8m
- Storage Velume of WIP :216,000m*
{7.5mfsec x 89)
- Reservoir {to be extended or newly construction}
{Acgess Road)
- {ength 15,000m




Tatie 0-7 MAIN FEATURES OF WATER SUPPLY PROJECTS FOR METRO CEBU (1/3)

{tem Number Name ol Cityf Projact] Structure Conditions bem Number Name of City] Project] Structure Conditions

Metio Cebu
1 - 1 8ohol Echy Water Supply Project

{Inabangan Gated Welr) - Width : 1.6m
- Type of Weir : Eonerete Gated Weir {Hi-pressure Tuanel)
{30,800m") - Length of Conduit : 70m
- Height of Dam : 10m - Oiameter :21m
- Leagth of Dam 1 150m {Power Station}
- Cresl Elgvation : 18m - Generating Capacity : 11,000k W
{Intake and desanding Basin} - Number of Unit 1
- Design Discharge st Stage = 1.5m”(see {Water Treatment Plant}
- Widih of Basin :5m ~ < Extension >
- Depth of Basin : bm {means) - Storage Yoluwe  2nd Stage :259,000m3fday
- tength of Basin : 40m {Main Pumping Station)
{Water Treztment Plang} - Pump Capacity : 2,600kW
- Storage Yolume 15t $: 130,000m°/dey - Numbers :3
(Main Pumpirg Station} {Access Road)) .
- Pump Capacity » 1,300kW - Llength : 12,000m
- Design discharge : 1.5m3fsec .
{1sk: 1.5mYsee, 2nd: 3.01m’fsec  Totah= 4.5Tm3lsec) Metro Cebu ;
- Numbers 13 2. Malubog Mananga Transhasin pm}ecl (MMTR)
(Water Conveyance Pipe Ling) '
- Length of Pipe Line :31.5km Z -1 Malubon Dam Project
- Biameter of Pipe Line 14m
- Numbstsit ane) 1 Malubog Dam(Main)
(Regulating reservair) - Type of Dam : Rockfill {3,411,200m’}
Storage Volume :300,000m’ - Height of Bam : G5m
(Access Road)) - Length of Dam :520m
- Length : 4,800m - Crest Elevation - 185m
- Storage Volume : 81 x 10°%’ (Gross)
1 -2 Tipolo flam Project {Saddle Dam)
{Tipola Dam) - Type of Oam : Rackiil (312,000m%
- Typeof Dam : Rockfill $634,000m" - Height of Dam : 10m {means}
- Height of lam :40m - length of Bam 1 1,500m
- length of Bam : 380m - Crest Elevation : 185m
- Brest Elevation 1 80m - Storage Volume : 81 x 10%% (6ross)
- Storage Yolume + 210 x 10°m® {Bross) {Diversion Yunnel} '
{Diversion Tennel) - Type of Tunne! : Pressure
- Type of Tunnel < Pressure - Length of Tunnel 2 108m
- Length of Tunnel : 108m - Diameter of Tuanel :bm .
- Diameter of Tunnel . bm {Intake} l
itntake) - Design Discharge : 1.43nfsec
. Design Dischargs  2nd Stage: 3.01 msec - Height : 1.3m
- Height 1 1.5m - Width :1.5m
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Tabla B-7 MAIN FEATURES OF WATER SUPPLY PROJECTS FOR METRO CEBY (213}

1tem Number Name of Cityl Project] Structure Conditions Hem Number Name of City] Projectf Structure Conditions
Hi-pressure Tunnel (Water Conveyance Tunnelj {desanding Basin)
- Type of Tunnet : Pressure Width of Basin :6m
- 1ength of Tunnel : 10.5km Depth of Basin :5m{means)
- DBiameter gf Tunne! 1im Length of Basin :30m
{Inspection tunnel) {Water Treatment Piant)
- Height and Width : 2.6m™ x 2™ - Storage Vohume : 244,000m%day
- tength 140m {Pump Station)
(Powerhoyse) - Pump Capacity : 800kW
- Installed Capacity 3 2100w - Numbers (nas} 23
{Access Road) {(Regulating Reszivoln
- lenpth : 7.000m - Storage Yolume : 300.000m°
{Access Road))
2 -7 Mananga Dam Project - Length :5,000m

- (Mananga Dam)
- Typeof Dam

- Height of Dam
- Length of Dam
- Crest Elevation

Storaga Volume

- {Diversion Tuanel)
- Type of Tunnel

- Length of Tunnel

- Diameter of Tunnel

{Intake}

: RockHll (2,856,800m))
:90m

1 240m

: 160m

- 48.2 x 10°m’ {Gross)

: Pressure
L 170m
5m

- Design Discharge {1.39m3lsec) : 2.82m’fsec

(1.43m™sec + 1.3m"secO = 2.82m’sec)

- Height :1.m

- Width :2.5m
{Hi-pressure Tunnel and Water Conveyance Tusnel)

- Type of Tunnel  Pressure

- Length of Tunnel : 3.5%m

- Diameter of Tunnel 1 2m
{Intake weir)

- Type of Dam : €oncrete Gravity

. Height of Dam :bm
{Powerhouse)

- Tnstafled Capacity : 2,800kW

- Number of Unit 2 2nos
{Concrete Weir)

- Type : Cocrete Bravity

- Height :5m

- length : 50m

3 - 1 Lusaran Dam project

{Lusafan Dam}

3. Lusalar-Pulambato Water Supply Project LPTP)

- Type of Damn :Rockiit (4,233,400m"

- Height of Dam : 100m

- lengsh of Dam : 30Bm

- Crest Elevation 1 235m

- Storage Volume 126 x 10°m® {Gross)
{Diversion Tunael)

- Type of Tunagl : Pressure

- Diameter of Tunnel :5m

- Length of Tunne! : 500m
{intake}

- Type :Inclired Type

- Design Discharge Normal : 2.05m'Isee

Peak :B8.2mIsec

{Headrace Yunnel)

- Typeof Tunnel : Hon-pressure

- Dismeter :24m

- Length of Tunnsl : 10km
{Surge Tnak)

- Height of Shaft : {00m

- Diameter of Shafl :15m
{Hipressure Tuanel)

- Diameter 1 2.0m

- Llength : 550m

D-43



Table D-7 MAIN FEATURES OF WATER SUPPLY PROJECTS FOR METRO CEBU (3)3)

[tem Number Name of Cityl Project] Structure Conditions {tars Number Name of City] Project] Structure Gonditions {)
{Power Station) (Water Treatment Plant}
Type of Powerhouse : Open-air Type - Storage Velume + 213,400m’iday
Generating Capacity(Bhaur Peat: 4, 200kW {Main Pumping Station)
- Number of Unit 1 - Purep Capacity : 6OOKW
{Access Road) - Numbers 23
- length 1 £,000m { Booster Statign)
- Numbers |
3 -2 Pulambato Dam Project (Water Supply Pipe Line)
- Length of Pige Line : 3.8km
. (Pulambato Dam) - Diameter of Pige Line T
- Type of Dam : Rockiill {1,274,200m - Numberstiane) 1
- Height ol Dam :65m {Regulating reservoir}
- Lengthof Dam 1 300m - Storage Volume +300,000m’
- Crest Elevation : 100m {Access Read))
Storage Volume :6.6 x 106°m? (Gross) - length :8,000m
- {Diversion Tunnel)
- Type of Tunnel : Pressure
- Digmeter of Tonnel £ 6 g
- {ength of Tunnel :138m
- {Intake}
- Type : Pressure Type
Design Discharge( 0.418m3/sec - 247w Tsec (Total)
Height :1.5m
Width :2.5m
(Hi-pressure Tunnel)
- Diameter :2m
- Length : 100m
{Power Station)
- Type : Open-air Type
- Installed Capacity (12Zhour Pea: §,600kW
- Number of Unit 1
- {intake welr)
- Type of Dam : Concrete Gatad Welr
' (700m’)
- Height of Dam : 10m
- Length of Dam < 80m
{Desanding Basin}
Width of Basin :6m
Depth of Basin : Bm{mean) I
Length of Basin : 30m A




Table B-8 MAIN FEATURES OF WATER

ltem Number Nzme of ity] Preject] Structure

SUPPLY PROJECTS £OR BAGUIG CITY

(Gated Weir)

- Type of Dam

- Height of Dam
« Length of Dam
- Crest Elevation

. Lahoy Weir and Pond Water Supply Project

: Eoncrete Gated Wair

(16,900m"

:10m
:+ 300m
:810m

Conditions Hem Number Name of City! Peoject) Strusture Conditions
Bagulo ity
1. Llaboy Bam Water Supply Project
(Rocktili Dam) {Intake) : 0.83mlsec {mean)
- Type of Dam : Rocktil (5,260,000m%) - Design Discharge : 2.5misec (Ma)
- Height of Dam 1 75m - Height of tnlet :1.5m
- Length of Dam :500m - Width of Infet 125m
- Grest Elevation :826m {Desanding Basin)
- Storage Volume :8.6 x 10°m* (Gross) Width of Basin :Bm
{Diversion Tunnel} Jepth of Basin : 5m (mean)
- Type of Tunng! : Pressure tength of Basin : 30m
- length of Tunne! :370m - {Maln Pumping Station)
- Diameter of Tunnel :5m Pump capatity : 2.200%W
{intake} Numbers 13
- Design Discharge : 2.5m’isec { Baoster Station)
- Height 1 1.5m - Numbers 3
- Width :25m - {(Water Supply Pipe Line)
{Main Pumping Station) - Length of Pipe Line :6.3%m
- Installed Capacity $ 203000 W - Diameter of Pipe Line :0.9m
- Pump Numbers 13 Numbersil ane) |
{ Baoster Station) {Water Treatment Piant) : 72,000m%day (Min.)
- Numbers 14 - Storage Yolume : 216,000 day (Max )
- (Water Supply Pipe Line} {Regutating reservoir}
- Length of Pipe Line :10.3km - Storage Volume :11,000,000m
- Diameter of Pipe Line :Lim {Access Road))
- Numbers{lane} 1 . Length : 4,000m
{Water Treatment Plant)
- Storage Yolume : 218,000m’tday
{Reguiating reservoir)
. Storage Volume : 72,000m’
{Access Road)}
- leagth : 8,000m
8aguio City
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