of farmhouse economy. First, the average area of
farmed land 1s calculated from the figures in Table
2-5-37. The total area per household is 0.5 ha, as

shown below.

Per household: Irrigated field 0.28 ha

Upland field 0.19 ha
Rain-fed field 0.04 ha
Total 0.51 ha

If the crops of 40 cavans 1is assumed as the yield per ha, then
the production is 20 cavans (1 cavan = 45 kg) Frofn 0.5 ha
That is, 880 kg ih'tﬁe husk ‘and 440 kg in terms of
polished rice (with a yield fate of polishing of 50%
assumed) . Supposing each person eats 120 kg in a year,
then this amount of rice can feed only 3.6 of the household
members., In‘a.typical 7-member family with many children,
rice is considered to be substituted bj cdrn, éamote

(sweet potato), beans and such like. Since the price ex-
farmhouse_of seedrice 1s Rl.1lperkg, the énnual revenue
would be P968. The above description relates only to
rice. TIf the other products, such as corn, camote,'beans
and some fruit are included, the.income.from seliing.the
farm products would amount to R1,500. . However, these
are all for domestic consumption, and cash comes in only
from the sale of hogs and chickeﬁs. The gross annual
income is estimated to range from around ?l;SOO to ®2,500.

per households.
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~“Table 2-5-36

Farms - Number and Area

in Kasibu M.P,, 1975

( Unit : Household)

Name of Barrio Number of Households (B;cl::::n;;!ﬁi:;hol d
Poblacion (Alloy) 127 : 99
Bua 18 ' o - 75
Cordon 85 - ' _ 90
Macalong - 72 ' 75
Malabhing 63 o : 50
Kakiduguen 59 319
Kinalo 101 53
Muta 145 50
Antutot 52 : 40
Binogawan 68 ' - 115
Capisaan 55°¢ - 120
Didipio 122 - o 8O
Catarawan 41 ’ 115
Nantawacan 102 130
Pao 78. : : B0
Siguem 75 : . 80
. Tukod 107 75
Alimit 712 ' ) 115
Belet - 43 50
Biyoy 105 ' 103
Camamasi’ 26 160
- Dine - 92 225
Lupa 68 66
. Papaya 69 - 60
Pudi” 99 - ' 110
Tadii 60 . : 75
Wangal 53 90
Watwat 79 90
Total 2,219 - - 2,510

Source: 1975 Ihtégréted Census of the Population
and Its Bconomics Activities (Populgtion
Nueva Vizcaya) :
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. Table 2_5“41.'MEFQ@QEE%_QEHSS?giﬁﬁ_EXVCro?fana_EEVéStOCk

Palay & o
frxigéﬁédﬁfigld'wl
(Irrigaie&'Uﬁiahd;and

- "Kaingin)
Nohfifrigated_field-
_(Non+ifrigated Ublqnd
' " and Kaingin)

Corﬁ . | .

Sygarcéné

Camote .

Cassava

Gabi

Haliehuplas (beans)

Tomato -

‘Coffee

Bénana

“Pineapple

Carabao
Cattle
Hog:
,'Hbrég'
.._Chibken
Duck:

SR -

839,480
490,590
(37,620)
348,890

(294, 690)

17,600
128,815
146,925

6,132 .
3,990
93,460
1,645

128,697

143,825
46,300

256,675
124,133
301,926
" 33,060
| 25,194

3,135

Source : 1971 Census of Agriculture -
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2.6, Power Sector

2.6.1. Brief Cowment on the ?ﬁilippine Econqmy'
 The gross natlomal product (GNP) of the Philippines was 131.3
umillioﬁ Pesos (US$1? 5 mil[idn at an éxchange rate of USS$L.00 =
‘: ?7 5) accordlng to a NEDA source. Per capita GNP was 83,003
(US$404)for the whole populaticn of 432, 9 million as of July
1976 ‘

Apéording tofa’cenéus'made By the Japan.Econoﬁy Planning Agén¢y
. in 1978, per capita national income in fhg.Phillpplnes was
US$333 (bésed on I.F.S. statics); - This figuré s, as compared
with those of. other Aslan counties, él}éhtly:blggér than'fhat 
of Thailaﬁd.(US$323), and about 1.7 times that of Indonesia -
- (Us$200), while'fhattln'Japan was US$3,188..

The net GNP growth has been 52 6.5% pef-anhum slnce 1967. 1t
is ﬁoticeable that in the Philippines the nét GNP growth was
_maintained high at a rate of 6% for 1973 ~ 74 and 5.9% for 1974 -

75 even after the oil crises iﬁ'1973 and'thé sﬁbéeedlng'economic

recessions, ‘while 1n other developed countries it dropped greatly

in 1974 - 1975, 1t is explained that the Philippine ‘eCoOnoOmy was
supported durlng these years by constructlon booms, rich crop
harvests of main foods, prosperLty in tourlsm, sound growth of

traffic LndustrLes and 50 ofl.

The share by industries of net ‘GNP as of 1976 is 30.9% for
_'agrofishefy, the annﬁal growth‘of'industry is 9 - 11%, nctice#'
'_ably thher than that of agro- fLShery, causxng a blgger yearly

share of the Lndustry sphere°
The. labour population of'15 years of age and over is dlstributed

50% in agro-fishery, 15% in industry and 35% in the service

sphere,
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2.6.2.

Labour productivity per capita as of 1977 is estimated at:
P¢ 559 in agro fishery._?B 286 in industly and P& /61 in Lhe

:service sphere, all at the 1972 price level, ox aasumlng that

of industry at 100, the service sphere will be 57 and agro-

fibhery 31 ~The target of Government Programs (5~year program
for 1978 - 1982 and 1Owyear program for 1978 ~ 1987) is to
raise ‘the GNP growth to 7.5 -8 % durlng the first five years and*

maintain it ac 8 / during the succe551ve five years. (see 1ab1e

_ 2- 6~ 1) - The’ program aim at ralsing national per caplta 1ncome

_from ?3 376 in 1977 to. 5, 912 in 1982 and to PlO ,580° 1n 1987 on

the. assumptlon that population w1ll grow at a rate of - 2.9 = 3%
annually and that the expected growth rate of per caplta GNP will

be 3 =57 durlng the first five yeras and malntalned at 5 %

durlng the successive five years.

In Fig. 2«6—- is presented thé'correlation of per tapita elect-

ricicy consumptlon and GNP in several countries of the world

decuced from U.s, Statlcs for 1975,

Energy_Situatiéq_ih the Philippines

According to the Phiiippine 5—year'Prbgrém (1978.4 1982):gross:
energy consumption in the Philippines was estimatéd'at'SB.é M.M.B.

(million metric barrels of oil eQuivalent) in 1977. Energy

'consumption was shared at 36.3 % % for transportatlon, 41 6 % for

industry, 8. 1 % for commerce and 14. 0 2 for home use and others.

Energy.sburtés relied 5.3 % upon hydro, 0.6 7% ubon.éoal and 94.1

% upon oil (see Table 2-6-2).

Energy consumption increased at 9 % annually for the 1965 - 73
period. As the GNP growth rate'was;G %jannﬁélly-during‘the'some

period enérgy.consumption'incréased at 1.5 times GNP growth.

The 1973 world oil crisis did not fail to have a great impact on

the Philippne economy. The impact was ¢ritically shown in the
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.trade balance, Comﬁélling the Philippines to importhS$1;800
million of.crude oll andrdil brddﬁcts,_aﬁounting'tb 21 % of all
imports. This was the principal cause bf_the_US$4;200_million

_ déficit'in the Philiﬁpine.ihterﬁational'trade balance suffered in
' 1974; which was US$§;7OO mﬁliioh'in'the black thé'brevious.year.

In_l974_the_PhiIippiné Government announced the‘iﬁtfoduction of
a new Energy Developmeént Plan in ovder to'impfove the pressing
. situation., In this p]an is shown that energy consumption of 83.4

H;M.B. (11 M M.T: ) in 1977 w111 reach 127 1 M. M B. (17_M.M.T.) in
1982 and 190 M.M.B. (25 M.M.T. ) in 1987 and that the.grthh rate

will be 8, 8 / and 8.4 % annua]ly for 1977 ~ 1982 and 1983 - 1987,

'frespectlvely {see Table 2-6-3). The plan aims at reduc1ng Phili-
'_pp;ne reliance upon oil from 94.1 2:in 1977 to 80 % énd'ZO 7 or
less iﬁ 1982 and 1987, reépeétivély {see also Table 2-6-2).

To attain this aim, the Government decided to develop more _
ractively indigeneous natural resoﬁrceé such as hydre and geo—

thermal as well as nuclear power (gsee Table 2-6-3).

The monetary funds needed for’ total energy development were esti-
mated at ?66 1 billion or US$8.8 bitiion (at 1977 prlces), of

which 50 % was expected from for31gn loans.
The final funds will be devided as Follows:—

for construction of power stations and transmission lines
230.1 billion for 1978 - 1982
217.5 billion for 1983 — 1987
for electrification programs
2.6 billion for 1978 - 1982
'B2.8 billion for 1983 ~ 1987
The total used for power reseréﬁces development réaches 253
billion, or 80 % of all plan funds.
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(1) Power system in general

Elecfric'poﬁer generation in the Philippines is now being

made by the fbllowing organizétions:'

‘Néﬁional:?QWef Coprrétioﬁ (NA?OCOR_or NPC)
Natiénél Eelctrification Administration (NEA)
Manila Electric Compan& (MERLCO}

Privately-owned Public Utilitiéé and Cooperatives

By Presidential Decree No.1206'déted 6 October, 1977;_the

Ministry pf_eﬁéfgy;was_created; udner which NBGC has become
the solely feééogsibie organization'forapower géueration,A
and NEA-has beén made reSponéible foi'reorganizing the

distribution sector in the ‘country.

.Total 1nstalled capacity in the Philippines is around 3,600
MW in 1979 (NPC Pldnts plus MERALCO Plants),

| About 3,000 MN_of‘thé'instailed*capacity.(83'Z) is located
in Luzon ‘grid, while 135 MW (4‘7)-is:in the Visayas grid and
473 MW-(13 %) in the Mindanao grld : Fbllowing NPC's acquisifidn
of MERALCO steam power plants with installed capac1ty of about
1,700 MW in 1978 - 1979, about 85 % of the total generating

facilities are now owned by NPC.

Total-length_of-trénsmissiou lines is 9,800 circuit km,
(circuit km = NdS3 of circuit x route length .in km) through-

out the country, which includes:

1,525 km of 230 kv
824 km of 138 kV-
1,087 km .of 115 kV, and
6,363 km of 69 kV and below.
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(2)

About 82 % of.thé transmission line 1is located ih the Luzon
grid, while arcund 13 % 1s 4n the'Mindanao grld and only 5%
in the Visayas grid.

Total electric power genaration and canumptidu in the’

coutnry amounted to 12,488 GWh and 10 887 Gwh, respectively,

1978, Per capilta. consumption of electric power in the
.Philippines was 235 kWh in 1978,

The electrification ratio is scill at a low level of 32 % for the
whole country; but on Luzon Tsland it is considerably higher
at 47 % (See Table 2-6-4 ), '

The load curves for the Luzon Grid are shown in Fig. 2~6-2, 2-6-3,

“and 2-6-4 .

Power ‘demand and pbwer facilities in the Luzon Grid

As seen from what has been EXplaiﬂed, powerdemand in the
Phlllpplnes is concentrated ‘mainly in the vuzon Grid, the
present fe351b111Ly study also ains at determinnig the
position of the Dlduyon prDJeCt in the Luzon Grid. Therefore,

hereunder will be given a description of this.grid.

Total net power generation in Luzon attained li 239 GWh in

f21978 which ‘consisted of 3,641 GWh produced by NPC, 7, 145 GWh

prOduced by MERALCO and 453 GWh by self generatlng cooperatlves

" and industries. About 80 % of the total power generatlon,

_or 9'0&1 GWh, was from thermal ﬁower which-is mainly oil-fired

and steam power plants, while 16 % or 1, 745 GWh was from

.Vhydropower plants and 4 % pr-453 GWh from self-generatlon.

These figures indicate that the power sector in Luzon

depends highly on imported oil.

Net power generation has increased considerably at a growth

'_~rate'of 10.4 % annually over the past 18 years (1960 - 1978).

From 1960 - 1969, it expanded at the highest growth rate of
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.13.5 Z.per.annum. The'high rateHOf growth slowed'afrer'
'1969 howerer Relatively mild growth rate continued from
:'1969 to 1973 with an average annual increase rate of 8.2 /
The growth of power generation WaB stopped in 1973 - 1974
 due to the oil crisis and the following eCOnOmlc disturbances
However it began to increase .agaln from 1974 to 1978 at an
average: ‘annual growth of 8.1 %, The growth rate from 1979

on. is now under investigation, as will be. descrlbed later.

- By sector, the industrial seotor conSumed the 1argest portion
of energy. with a 39 % share, followed by residential use with
34 %, The commercial sector consumed 23 % whlle miscellaneous

_requ1red 4y (NPC plus MERALCO energy consumption)

The load factor of generating facilitles has gradually been
;'increas1ng since the early 1960s. and attained 63 % in 1978,
- System loss has beén decreased from the earty 19605 and was

Jestimated at 10  in 1978

7 Total sales revenues of NPC were ?921 6 mllllon 1ncluding fuel
. cost adJustmEnt in 1978 About 80 % or B738.7 mlllion of total
sales revenues of NPC was raised in Luzon.,  The average revenue
per kWh in 1uzon was ®0.2 in 1978, whlch was slightly higher T

'than that of the whole country.

Existing power generating facilities in the Luzon Grid as of
_l979_are'preSEnted in Table 2-6-5. The power projects under

construction in 1980 are as folioﬁs:

-_Magat Hydro (540 Mw), PNPP No. 1 Nuclear (620 MW)
.'Kalayaan Pumped: Storage Hydro (306 MW), o
Tiwi Geothermal No 3 & No.4 (110 MW)

Mac-Ban Geothermal No. 3 & No.4 (110 Mw) - 'l,ﬁaﬂ MW
' 1n total '

Ex1sting electrlc power plants as of 1979, amountlng 2, 991 Mw :
or approx1mate1y 3 GW, in Lhe Luzon Grid are 75 % thermal (oil-
flred) 18 % hydro,'and 7 b geothermal
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Table 2-6-2

SOURCE HIX“ 1977 IQSQMAND 1987

(In HBO/HHBoﬂ)

BT T T TR 1987
MG % Dist'n. nun' % Dist'n, W z Dlat'nl
TOTAL ENERGY < s ___13249...““....u9wm““=.
A. ELECTRIC GENERATION . 22,98 27.5 49, 60___39 0  66.16 34.8
Hydro 462 5.3 0 976 T.1 . 20.79  10.9
oil - . 1855 .22.z  29.33 23,1  21.55 1L.4
cCoal . o0l .00 200 ‘1.6 . 3.9 2.1
Geothermal : T - 4,80 3.8 10.62 5.6
Nuclear. 1 - - - 2751 2.0 6.00 3.1
;Non-Conventionnl . - - 1,00 - 0.8 330 1.7
I, NGH-ELEGTRIC GENERATION ~60.43 72.5 7770 611  123.84  65.2
oi1 59,93 7L.9 72,00 56.6  107.64 56.7
Coal ©0.50 0.6 4,20 3.3 10.00 . 5.3
Non-Convgntiqnnll- T L5000 Ll . 8700 3.2
011 Share % 1u8 - sEd

1. Tncludeu only usage ot nnn-conventionll energy uourccl
. attributable to usage prolifcration program for nonse-
) conventional energy.

~ Sourcea: _EDB and E?RSrHEDA.
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Table2-6-4 Status’ of National Electrification in

T SLOWNG-
“ As of December 31,

the‘Philfppines :

1978 -
Region }Potential ' beép | 'Non-Co-op "~ Totalf' E§2c§:2;;ed
1 175 113 25 138 9
1x 113 23 12 35 31  Luzon -
111 120 9. 25 116, 197 Grid .
v 234 70 95 165 . | 71y
v 115 76" L9 85 74 -
VI 130 71 24 95 73
vir 131 32 42 74 56
L VIII 138 37 - 35 72 |52
IX 86 24 16 40 47
X 119 - 38 18 56 147
XTI 90 30 26 56 62
XII 85 46 6 52 61
Total 1,536 651 333 984 | 64
:EQHSEhLIanEEQIEEL
As. of December 31, 1978
RS : : Per cent-
Regioen | Potential Co-op Non~Co-op Total Flectrified
I | 506,300 | 142,264 44,175 | 186,439 | 37
11 295,200 | 22,396 4,304 26,700 9 Luzon
11T 651,700 -{ 232,368 174,793 407,161 163 Grid
IV 1,573,500 123,248 833,346 | 956,594 | 61 47%
v 497,100 81,181 1,507 82,688 17
VI 596,900 | . 76,908 30,921 107,829 18
VI 514,900 | 17,191 73,466 90,657 18
VIII . 386,700 33,673 7,653 41,3261 11
IX 340,900 129,644 3,793 [ 33,437} .10
X 370,600 | 31,034 | . 19,720 | .50,754| 14
X1 485,700 | 29,169 - 43,565 72,734 | 15
XIT ' 324,200 26,061 - 22,867 48,9281 15
Total 16,543,700 | 845,137 '{ 1,260,110 |2, 105 247132
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‘Table .24645 Existing Power Plants In Luzon Grid_

(as of end of 1979)

Type e  _ Cg$zi§iop.' -ihStallﬁgggépaéity.
Hydfd Botocan . 1928' 16 B
Caliraya 1945/50 32 (8 x4
Ambuklao 1956 75 (25 x 3)
Binga 1959 100 (25 % 4).
Angat 1963 218 250 X 4 &
. 6 x 3 7.
Pantabangan 1978 100 (50 x 2)
Hydro Total 541 (18%)
| Thermal Rockwell 1-5 1955 125 (25 x )
o | 6-8 1963 180 (60 k 3)
Tegan -2 1965 200 (100 x 2)
© Cardper 1 1968. 150
Gardner 2 19703.. 200
Shyder . 1 1971 200
Snyder 2 1972 300
Bataan a 1972 75
' Bataan 2 1978 150
Haiaya' 1 - 1975 _ .300
Malaya 2 1979 350
‘‘Thermal Total o 2,230 (75%)
Geofhetmal»'Viiwi._ S1-2 © 1979 110
'  Mak-Ban . 1-2 1979 110 .
’ Gedthermalriofal_-' o 220 (I

Grand Total

2,991 (100Z)
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Composnte Dcuh_; Loud Curve Weekdcws ond Holidays , 1979
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‘Daily Load Curve, Holidays 1979 (Luzon Grid)
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2.7.

2.7.1.

 Transportation .

Oﬁrline

Aq a part of the investigation of Lhe upper Cagayan River
'Diduyon Hydroelectric Power Plant Project, this ehapter will
:study the problems of Lransportation of materials and equipments,
i.e., major components of the power plant such as generators,
transformers, etc. Studies on the: access roads for: )
traﬁsportation of_materials and_equipment up to the powerhouse
site and damsite and:lddalrprocurement of rhese items were

made, Based on the results of thé_séid studies, discussions to
Qetermine fﬁéfbasic:roﬁre fdr'rraﬁsportation of heavy items

a¥e also presented in this'chapter;
The ‘outline of field investigations is as follows:

(i) Period of investigation :

July 6 1978 - August 19 1978

(i) Investlgatlon of parts:

Manila, San Fernande and Casambalangan.

(iiij Investigation of existing roads and bridges

.;Manila - Bambang - Cordon,_
'.San Fernando - Rosario - Bambang - Cordon,
~San Fgrnandq - Baguio - ‘Bambang —-Cordon, ‘and
Casambalangan - Covdon - Bambang. '
(iv) Field survey of access road

_'(é) “Access roads
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(1) Existing road - daméite (via Bambang), and

(2) -Existing road — powerhouse site (via Coxrdon).
(b) .Communication roads:(damsite ~ powerhouse sgite)

(1) Right bank route,
7(2).'Left.oank‘route;.and

(3) Ddidipio route, .

2.7.2. .Port-fecilities_

(1).‘Selection of ports to be_investigated;

' The maximum unit weight of the generators, transformers;
etc., for the Dlduyon Hydroelectrlc Power Plant is assumed
_to be approx1mately 37 - 40 tons. Thus selectlon of the
port fa0111ty w111 be based upon factors such ae moorlng

' facilities (pler), water depth 1and1ng facllities for

" the electric equlpment, customs, quarantine, ete., studled

.. on the occasion of fleld 1nvest1gat10ns - When selectlng
the ports to be 1nvest1gated the fact that the project
area of the Diduyon Hydro electrlc power plant is located
at the center of Luzon 1sland, upstream on the Cagayan River,
with tbe Maddela mountaln Range to the east was taken into
consideracion, It w1ll be necessary to cross the Moddela
Range if. transportlng materlals from the ports Iocated on the
east 51de. Taking into consideration these aspects, the
ports of Manlla, San Fernando, Casambalangan and Aparri
among the 1nternat10nal ports ex1st1ng presently or being
planned for constructlon, located: close to the pro;ect
area,yere studied. The 10cat10ns of the various ports
are shOWn in the map of Flgure 2- 7 1. and outlines of the
facilities available at each. port are summarlzed in Table
2=7-1.
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(2} Characteristics of ports

£y

Mapi'la o

o Manila is the largest port of: the Republic of Philipptnes,'

.25

3):

and is equipped with all facilities required for 1nter-
national trade, such as customs, quarantine, etc. “Manila
port is divided into 2 parts, South Port (international
port) and North Port (domestic port)

San Fernando

This is an internatiomal port eqoippeﬂ'Witﬁ facilities

such as customs, quarqntine, etc., required for inter-

pnatlonal trade, and it is reported that transformers of

the 90 ton class have’ been 1anded here - It is, therefore,

_expected that this port will present no problem for handling

of the equipmenL of this prOJeet

-Casamﬁalangan and Aparri '

_Aparrils equjpped w1th customs, quarantlne, ete.,. facill-'

:ties requlred for internatlonal trade, but sipce 1t is a

quasi internatlonal port, it is not equ1pped with piers,
and is expected to be closed after completlon of “the

_Casambalangan port Presently, the port of Casambalangan

- 1s equlpped with a pler (15 n w1dth 144 m. length 12 m

'water depth), with plans for further extension. One
petroleum tank and one sugar storage warehouse are
presently under construction in that port,

and the constructlon of warehouses,'

_sheds and temporary storage yards is p0551ble, but these

are not complete yet

The net tonnage of the ship_(w),.tﬁe berth length (% m)
and the berth water depth (dm) are related as follows:
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g 2.9 | 3.'3'3
W =(gfge N or W= (0 £y

‘Thus, we have

fi

~when N 150 m we have a net tonnage W_§§ 1Q,000 t, and

Cwhen d 9:m;'we have. riet tonnage W = 13, 000 £,
It is assumed Lhat the anchoring of cargo ships of
10 000 t net Lonnage ox more is possible,ln the

ports of Manila,'San‘Fernande and. Casambalangan. -

2.7.3.  Existing roads. and bridges
'(1) ,Exis;ing'roads. (see Fig. 2-7-2)

'We'cefried.quﬁ inyeetigations on.the:present.condition_
ofimain.roeds and bridges'located.on the_transporiatidn
route'fer heavy items. The:roads wefe'inﬁestigated_ﬁith
-“refereﬁce to_such:aspeets‘as redius of curvature, ﬁidth,
gfa&ient.; etc. é. by'aesumihg-tfaffic'tfeiiere carrying

~heavy cargo.

_in_the_?hilippiﬁesithe road netﬁprk is'cﬁﬁpeseﬂ

K Of:trﬁnk roads forfcdnnectipe;bf arees,ISemittunk N
.foads for’connection”of'main locatione within the area,
dnd daily life roads for connectlon between v111ages, and
between v1llages and reglonal centers used for the daily

.-llfe of the local peoples

Trunk roads taken into considerat1on here refer to the

trunk roads mentloned above

(2). Total extension of existing roads aﬁa total numberzof

_exiéting Brigges.
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1)

2y

. 3.}

Starting from Ménilé:

)

b)

Manila w-Bamﬁaﬁg:

L o= 272 Rm; and No

Manila - Cordon

‘L = 343 km, and No

. of bridges ~ 85.°

. of bridges - 105.

Starting ffom_Casambaiahgén':

A} CaSambalangan'éhcérdon

L = 400km, and No.

'L = 329 km, and No. of bridges ~ 128.

b) Casambalangan - Bambang

6f'Bridges_~ 149. 

Starting from San Fernando :

a)

b)

: .

:dj

L=

L =

San'Fernandd - vyia
L=

San Fernando - via

L = 343 km,:and_No.

San Fernando - via

217 km, and No

San‘Fetnando‘— via

288 km, and No

272 km, and No.

Routé.3.f Ba@Bang
of bridges ~ 108.

"Route 3 QZCoidbn

of Bfidgesa- 129.

Route 9 (Béguio)ft Bambang

. of bridges - 37,

Route_g (Béguio) ~ Cordon

. of bridges = 58,
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(3) Ekisting toeds_and bridges

1

Route from the port of Manila to'Cordon or'Bambang

" (Route 5).

.2)

I.The.ronte for COmnunication between Manila and Bambung

is Route 5 (road in relatively good condition), whlch

- is. a concrete paved road of 8 m width and does not

: practlcally present problems However,_the trafflc

congestion in Manila and road obstructlons in the

mountalnous area around Dalton Pass during the

~rain sedeon may present some pxoblems '_In additlon,
due’ to the exce981ve 1oad resultlng from transportatlon
“of heavy component,'more than 10 bridges on the exlst~

: 1ng road will requlre 1einforcement

Route from the Port of Casambalangan to Cordon or

Bambang

- Commundication between_the.Port_of Casamoalangan'and

Diquon at the intefsection with Route 5, is by means

bf'a-graVél'fdadiof'i -10'm Width“with some 12.m wide

'sectionS' ThlS toad is constructed on hard soil and is

Lrafflcable except the ralny season when it is

-_1nundated however, in such cases the recovery is quick.

The ex1st1ng brldges are either wooden (14) or Pony

'“ibrldges (6) 3 5 - 4 m in w1dth and w1th wooden floor

oslabs Since the naximun 1oad 1imit ‘of these bridges

s appr0x1mate1y 30 tons, it will, be neceeeaty to

either replace them or construct: temporary brldgee

The section’ between D1duyon and Cordon or Bambang is

interconnected by means of Route 5 (road with relatively

'good traffic conditibns), with e.width of 6 - 8m and

concrete paving.

As for exieting'bridgee, there are 2 places with Pony .

2~ 376



bridges and 1 traffic lane’ (4 m width) Since the

ifloor piate of these bridges is made - of wood it will

: be necessary to. either replace the floor plate or to

construct temporary bridges.‘ Bridges requiring pro-'

- tection of the floor number approximately 20

3)

4y

"and 2 of them are actually under constructlon._'

Route between the Port of San Fernando and Rosario,

Sanjose BambangorCordon, vir_Route 3, 8 and 5.

Route '3 is a concrete paved road of 8.m width TAs

for existing bridges, reinforcement will be requlred
at 10 places (espec1a11y floor plates,:etc y) in
case of transportation of heavy cargo, because the

load: restriction is approximately 20 tons

_ Route 8 is a gravel road of approximately 8 m width, |

As for the oridges, replacement or” construction of

temporary bridges will be required at approx1mately

13 places, where mainly wooden floor palte bridges

' exists._ Route 5 is the Japan-Phillppines friendship

: road, of more than 8 m width and concreta’ paved, ‘and
_does not practically present problems with regard to
traffic. However , some problems may: be expected in the

=neighbourhood of Dalton Pass, as menLloend hefore.,

As for the ex1sting brldges, protectlon of the floor.

plate is.required at more:than 5 places.

Route from,the Port of San Fernando to Baguio,Aritao,

Bambang or Cordon via Route 9

'The:section—of'Route 3 between the Port of San Fernando

z_and‘Bambang'is:concrete paved road of 8 m width, and

does not present any problems at all. Bridges also

‘are secure. The section between Bauan and Baguio is

dn asphalt”paved_road of-S — 8 m width: - In case of

2 - 377



transpoftstion 6f heavy cargo, traffieability will be
- low, in view of the existence of slopes of 8 - 10 %
Iin the road. There are maoy.plaoes reqdiring'eutting
of the mountain side'slopeg_because"the radiilof
curvature -are too small. As for: brldges, there are
at least 2 places requirlng reinforcement, especially

in the £loor palte e

‘he section between‘BagulO and Aritao 1is composed of
gravel road of 3.5 < 4.5 m width, and. there are many
points w1th 8~ 12 y4 slope - The dadll of" curvature of
this road are small, requ1ruu;cutt1ng of the mountaln
51de slope in ‘many places, in additiom to landslide
occurlng st many 901nts As for the bridges, there
are.pony bridges at: approx1mate1y 20 places, and
salmost all of them requlre e1ther replacement of the
awoodeu floor slebs ‘or construction of temporary bridges.
The sectlon.betweeu_Arltao and Cordon is a concrete
paved road of 8 mgwidthu.:.Thete are 5 bridges in this -
section, and reinforcement Of:the floor plate is nof

-required.

- ..5) The standard wxdth of the sctually ex1sL1ng road is
shown in Flg' 2-7~ 3.

2,74, Aceesisoads
(1), Planneﬂ:route.
The folloﬁing ,routes.cao be taken into consideration
- when planning the'aecess roads between the presently

- existing main roads and. the damsite and powerhouse site..

1) . Route hetween existing roads and damsite.
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(1) Bambang 1"Kasibu - Siguéh ~ damslte
(11) Bawbang - Malashiu - Siguem - damsite =
' 2) "Route from existing roads to the power plant. site |
Rputé;frqmitbfdoh”to'thé powef plant site, via Luna,
Debibie and the left bank of the Diduyon River.
The various routes surveyed are'éhwohcin Flg. 2-7-4.
(2) Routes from the presently existing roads to the damsite

‘1) Route fronlBambang to- the damsite via Kasibu and

Siguem
a)'Bambéﬁg = Kasibu

1) Surveyed route and extension

(Refer to Fig. 2-7-4.)

Indlcation of maximum distance calculated by .

'methods such as,

- Calculation of the distance :'thelongestdiétante
;amongthosenmasuredbyodometerof
-automobile,stepcouqter,scalenupfrom
theltopdgraphical1naps,‘extension_frony8%-

" ‘slope of elevation difference.

- Elevation : Estimated b?‘meanS'of.altimeter
: (barometer and topographical

~ map) .

- Total extension of roads : 1, = 35 m.
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i4)

1i1)

Actual road sitvation

1he presently existing roads have a w1dth of

&-« 5 m, there are Yocks and - stones’ scattered

Veverywhere along the road the subbase course_

is not in good condition, and practically the

.whole extenslon of the road is. composed of

gravel without paving.

.There are sections of the road with altltudes

exceeding 300 m dn the mountainous dlstricts,

where the slopes are quite steep, of the order

of 8. - 12%.

* In addition; due to the swall radii of curvature,

there are sections where cutting of the mountain

side slope, changes of route,=ete.,.will be needed.

It is expected'that'impfovements such as widening

of the road, 1mprovement of the subbase course,

1mprovement of the slope, etc., will also requlred
As for the bridges, there are 13 wooden ‘bridges -

and 3 Bailey br1dges, totalllng 16 brldges Since

'all brldges have 3.6 m width, they requlre replace—

:ment or the construction of temporary brldges

Among the presently exlsting bridges, the San

-Fernando brldge was destroyed by 1nnundat10n, and
'requ1res construct1on of a new brldge of more than

30 m or the constructlon_of a temporary brldgeﬂ

Topographical and geological CQnditionS

The. section between Bambang and the town of San

Eernando is a gravel road of 8 - 10m w1dth

'and does not requlre 1mprovment In _the neigh-

bourhood of Dalton Pass the road width nsrrows, and._

'tOpographically there are places with steep slopes,

but from,the geologlcal point of view the ‘ground
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s hard;rand“can_bejcohsidered satisfactory.

Next, in the Kongkong Valley, the topography
becomes eaSy;'beeause the:required cut will be

small, However, since the soll is soft (large

" quantities ofieand.éﬁd clay, with small quanti-

iv)

ties of gravel), it will be'necessary to add
gravel and other materials to the subbase.
course in order to attain sufficient bearing

capacity,

Problems

'Sincefthe'Bambang'FfKaéibo-‘ection is a semi--
'trunk-lihe;-measureeztoicope with the trans-
portation of daily necessities and emergencies -

:Wlll be required 1n case. of prolonged inter-

' ruption of traffic due to the 1mpr0vement works.

b) Kasibu - Damsite

N

.oiij

Surveyed réute and extension
Kasibu - Siguem - ' Damsite :

L = 27 km

Actual state of the road’

Actually there is a logging road in thls

seetlon whlch can be used for transportatlon

- of eonstructlon materials. Durlng the dry
Hseason it is possible to transport matexials

of considerab]e weight using special vehlcles

However, its plan maximum slope, state of

‘maintenance of road qurfaee, etc. , are just

- able to fulfill the minimum 1ndlspensable
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iii)

conditions. Consequenly, in order to make possible

the traffic of Ordinary vehicles, At will be

--required to carry ouL overall road repairs and
construction of new bridges In addition, since

these roads are located within the area expected

to be inundated by Lhe storage reserv01r, it will
be necesqary to- study carefully the problems of

constructlon 1ndemnlf1cat10n of the existing roeds cmd

_construction of relocated roads

'As for the’ actual sltuation of the 1ogging road there

are many. landslide places due to soft ground: condtlons.
Road buried under debris, er051on of ‘the road due |
toiimperfectrdragoage_fscilities (culverts, esc.)
iotendedlto_eope with'oater coming from mountain

streams, formation of quagmires, etc. are- observed

everywhere,;.Stéep slopes of the Order of 8 — 12%

“and small radii of ‘curvature are also observed, 1t

therefore being required ‘to cut the mountain side of

-tho'SlOpe at Vﬁrious places along the road. As for

bridges, the construction of a temporary bridge will

be required at the Blyoy River, and in addition,

there are more “than 3 places where the road will

cross mountain streams, requiring the construction

‘of elther culverts oY temporary brldgeq.

Topographical and geological characteristics

At the sectlon between' Kasibu and the damsite,

the topography is not steep, and the work is

'expectEd to be easy, w1th the exceptlon of some

placeo requ1r1ng slightly larger Cuttlngs, How~

“'ever, in view of the- soft soil (composed wostly

of sand and clay, w1th small quantitles of pebble),

'reinforc1ng of. the subbase course with ‘gravel and

other materials w111 be required in order to ensure

suff1c1ent bearlng capaclty.
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In general, purying of the ioad.dﬁe f0 laﬁdsiidés_and
eroaion and formation of mud due to water from
mountain streams is very pronounced and careful
studiea o cope with these problems will be required
from the planning stage. . '
2} .Secfiqn-béﬁﬁeeﬁ Bambéng and the démsite; via Malashiu,

Manga and Siguem
é) _Section between Bambang,;and'Méléshiu, éndlMﬂ“ga--.:
1) .Surﬁeyed fouté énd gxtgﬁgiég.
: Ba@béng;;Méiashiﬁ w méﬁga : L ; 20'km
ii# fActhél_étggeiof'thg road i

Thé'Sécfion'betﬁeen Baﬂbang and Malashiu passes :
_thrdugh'Bﬁute 5. There are no any problem at -
‘all for tpaffic. From Route 5 the road branches
fimmediatelf fo Route 30; and the road becomes
o a. gravel double lane road Whlch is perfectly
trafficable_ However, there ‘are 2 p]aces with
. wooden be& plate bridges which_should,be replaced.
At the séction.betﬁeeﬁEMhlésﬁiiiand.Manga.fﬁE'
'road is gravel but ‘has 2 lanes,and is, perfectly
.'trafficable . HoweVer, there are 2 places with
.'?ony bridges approximately 10m 1ong, with wooden
 bed plate requiring replacement This section does
not present any special problem, with the exeeption'

of the bridges
' b)  Section between Manga and Siguemf and’ the damsite

1) ' Surveyed road and extension
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11)

“Manga - Siguem - Damsite i L= 38 km

Actual state of the road

'This'loggingrOadentersiﬁtdthebaéh10ftheDidﬁYon

River at: Manga ‘and ‘since it’ cllmbs a difference

of altltude of 600 m, qtarting from the inltlal EL .
400 m.up tQ EL~ ‘1,000 m at the_Pass,-the slope of
1ogging'.road-is‘vefy'éteeﬁ As a 16gging road

it dlsploys no problems because cut 1ogs are

'transported from ‘the Diduyon river ba31n in the

'downhlll_d;rectlon on this road. In.case_of.the'

hydroelectric pbwef plant development project,

however _the required materials and equ1pment w111

-be tranaported uphlll Thus, this section should

- be improved or alternative routes constricted.

AL the‘éection Between Siguem and the'pass,both
Itopography and slbpe are'véry eésy, and=the road has
 sufficient width From the geologlcal point of view,

'however, there are many parts Wlth soft subbase

COULSE, s0 constructlon of drainage facilities and

_the appllcatlon of gravel to cope with the rainy

season w111 be necessary In. this section there
are a]so 2 preclpices requjring relocatlou of the
road " The - road crosses the river at 2 points, each

of whlch requlre the constructlon of long bridges

'As for the section between Siguem and the damsite,

the road shows the samé characteristics as prevailing

) _1n ‘the sectlon between Kasibu and the damslte des-

crlbed prev1ously
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©3)  Section between Cofddﬁ'and the powerbouse site
~ vila Luna and Dibibie :

Y

14)

Powerhouse site

Surveyed route and extension

Cordon - Luna - Dibibie - 48

Actual state of ‘the road
Thé'Séétidn.Bétﬁeen Cordon and Luna is a gfavel

road of approximately 8 m,wldth and“no-probleﬁ is

expected with regard ‘to trafflc In the sectidn

between Luna_and:Dibibie the surfaée of the road

“is in'very baﬂ-con6itidﬁiso.pavihg with gravel

or asphalt will'be feqﬁired As for the bridges,

there are wooden bridges (3 places, 4 m w1dth) and N
-Bony brldge- (1 place, 4 om width) but in case of
'transportatlon of heavy cargo, either replacement

Sor construcLlon of temporary bridges will be requlred

In this section there is also a place with a synthe—

tic (comp051te) beam brldge ( 2= 50 m), whlch

will require reinforcement.'

At the section between Dipibie ‘and the powerhouse
site:tﬁerelis:a'1ogging”iroad‘fof transportatiou of

logs, constructed up to the halfway p01nt of. 4 - 5m

.Width -and with 8 —-12 4 slope ‘at various p01nts

Generally speaklng, the soil is soft, and burylng of

. the road ‘due to- landslldes and formation of mud due -

- to the mountain streams observed at approxlmately 15

pla*.c_es.-.=
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111) Topography and geology

781nce the section between Cordon and Luna and
_Dibibie is a plain area, the road does not present
special problems except enlargement and improve—
nment at the secLion between Luna and’ Dibibie. Since
at the section between lelbie and the powerhouse
Site the 5011 is soft (composed mostly of ‘sand and
clay, with small-qnantitles of pebble)?_gravel and
_other materials should be applied on the subbed _
course in order to ensure sufficient bearing capa-
city Generally speaklng, burying of the road. and
erosion due to mountain streams formetlon of mud
are obseérved, so care will be required from the .

planning stage.

2.7.5. Communication roads

(L) Planned routes

There are 3 possibletroutesjfor'the communication rOad'bet~

: eeen the damsite and the pqwerhonsef'site, as listed below:
1) Rbute.utilizing the:presently eniSting ioéging'rbad
ii?i Reute newly cdnstrneted:along the neaatace tunnel
.iii) 'Rpute branching frem the aceess-feed
.The renteétmentiOnea abbﬁe-ate shown in Fig-2—7—5.
_(i) Comnﬁnieatien'rea& startiné from the nowerhouse site,

coming back to Dibibie,and then probre551ng from Didipio

to the damolte

2 - 386



2.

7.6.

The road berweeo'biﬁibie and the'_loé storage'yard located
halfway to Didipio 1s’ a gravel road of 4 - 6 m width and
8.~ 12 / slope, and requires improvements.' There are
.wooden bridges at: 2 ‘places, - requiring either replacemenr

'ﬁor constructlon of temporary bridges.

.The section between the log storage yard and the damsite

via Dldip1o is also a road of 4 - 5 m. width and a maximum
slope of - approx1mate1y 12 %, and there are more than 5 places
with rad11 of curvature requiring cutting of the mountain
side slope. _As for the subbase course, ‘the same dmprovenents

descrlbed above w111 be required

(g) Route of the roads'looared in the waterway section for

construction and maintenance purposes

In Vieﬁ of the"geologicai end'topographioalICOnditions'pre_
‘vailing in the area, “the work 1tself seems to be eesy How—
'=every, 1mprovements to cope w1Lh the soft subbase course and

dralnage fac111t1es will be also be required in this case.

{3~ Route Branching,fromrthe acoess.roed_-

‘This road has the same | characteristlos of route as Lhe water—
- way seﬁtlon mentloned ahove w1th the exceptlon of the 10ca—
. tion of- the rouLe. There are.5 — 7 valleys requlrlng construction

-of e1ther bridges ot culverts

Summary of Results. of Investigation on Transportation Routes

_The results of the present investigations can be summarized as

follows:

() Taking into consideration factors such as available port

facilities, actual sitvation of the roads, transportation

time, location of shops dealing with automobile parts and
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yepair garages, the occurrence of landelidee ‘and the
consequent road traffic trouble which occurs frequeutly
_during the ralny season, etc N it is recommended ‘that the_
Manlla - Bambangtransportatlon route Lo the progect site

310cated in Dlduyon be adopted

The other routes can be'osed aeﬁalternetives when trans-

poreatioo via Manila becomes impossible;

'The.Magat' constructlon plOJeCt was also taken into
con51derat10n as. a reference before decldlng on. the Manlla -
Bembang:;oute. The Mdgat_ _pIOJeCL gite is.located far to

.the'heﬁﬁﬁ of'Menile‘compered'WithﬁDiduyon, but the main |
maehinery and construetioh materials were ffeneﬁorte& from

Menila.

(2) The transpoltatlon of materlals, equlpment and heavy 1tem8

w1ll be done using the Port of Manlla as the starLlng p01nt.

‘Both San Fernando and ﬂcasembalengan allow aoehoring of
shipe.witﬁ oet.tonoege-of the-l0,000.toﬁ olaés,eaod the .
mooriog facilities are'suffieient but the port of Manila
ﬂhas the most deslrable characterlstics,'ln view of its most
'favourable pler fac1l1t1es. -The ports of San Fernendo and
Casambalangan present problems of - transportatlon route up to

the site.

(3) The Heﬁiie'Beﬁbang route is recommended for transportlng
meterlals from the port of Manila. -This route doesnot exhibit
any praetlcal problemu referring to the exieting'roads,:and
the:bfidges requtiog;reinforhement_ate appfoximatélyflgy a_con—

siderably smaller quantity than with other routes as follows:

L =272 km and No. of bridges - 84.
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2.8.

2.8.1.

(4) 'As for the access road between the extremity of the msin

' road up. to the damsite, there are Lwo possible alternatives,
i.e., the ‘route Bambeng—Kasibumnamsite, with improvements
to the existing 1ogging road, and ‘the Bambang~Ma]ashiu—“
Gampote route, with improvements to the actually existing
logging road. The selection of either alternative will

depend upon future investigations and studies.

(5) .For the access road;to,the nowerhouse_site;'the Coruon;
. Luna-Dibibie-left bank'roed—powerhouse_site seems té be

best,

(6)__The communication'roselbetween the-damsite and‘pOWerhouse:
depends upon future investigations, but the route damsite—'
left ‘bank mountanous districts—Didipio adlt sltes-Surge
_tenk seems ‘to be best Another access. road ‘to the surge tank
and the power plant will be required' and on this case a.

__roundabout route of consrderable length will be necessary in

. view of the very large difference in altitude.

Construction Msterials

‘Conerete Aggregate_

The concrete aggregate required for construction of the dam,
.waterway, surge tank, powerhouse and other structures will be
excavated from riverbed sediments and quarries in the neigh-

_ bourhood of the damsite,

The locations of possible places for excavation of aggregate
'determined as a consequence of the present studies are shown in:

Fig. 2-7-6. ‘As a results of the present atudies, the deposited
"materials found at. Aglipay in the Addalam River and at Bambang in

the Magat River seem best suited for utilization as concrete ag-

'gregate. Thesiteforexplorationofz;quarryinitiallyselected focated
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:2.8.23

on the right ‘bank of the river, downstream of the damsite does

';not seem to be adequate, in v1ew of negative ‘faetors such as the

excessive thickness of the overburdena, inadequate quality

-and insuffic*ant quantity of rock

‘However in Lhe present prO]ect the dam will require 1.2 n{llion
:m3 of concrete, and” if the other structures are taken into considetr-

Iation, the required quantity of concrete will be 1. 6 mllllon m3.

The corresponding quantlty of aggregate w1ll be approx1mately 2

million m3, and to secure a source of supply of aggregate in

‘the neighbourhood of the project site 1s a fact whlch will acquire

special importance.

'Thus,'at the next stage of the study 1t w1ll be necessary’ to

carry ou deta11ed 1nvestigat10ns in order to locate an adequate

'quarry or a place on the river bed for procurlng aggregates

for concrete.‘

"Generally speaking, both the productlon of fine aggregates from a

_quarry and the transportation of rlver—deposited materials from a

diatant.p01nt-w1ll mean a considerable increase. in cost. Thus ,-

‘detailed studies are required with regard'tO'the costs for produc— ...

‘tion and transportation of aggregates.

In addition, sicne artificial aggregate'obtained by crushing rocks

excavated from quarr1es results in some cases in alkal1ne reactions,

it is necessary to carry out ‘tests regerrlng to thls aspect.

Cement | -

"Presently, the supply of cement in the Phlllpplnes is sufflclent

to meat domestlc demand

HoWeVer; both ‘at the:nresent and'in future, large scale cosntruction
'EPIOJECES will be carrled out around the country ’Especiaily on

':Luzon Island the Gened Pro;ect,'lncluding ‘the constructlon of a
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.concrete arch dam of 175 m height 2 million m3 of concrete,
1s scheduled for construciton before the present Diduyon

project.

In the Philippines, it is possible to expect an increase in

: cement supply capacity in the future, and for construction of
the Diduyon project it will be possible to utilize the cement'
Supply faeilities used 1n_therotehr peojcts mentioned above.

Besidés the qﬁaﬁtitative aépeet of Cement Suﬁply, it will be

_necessary to carefully study the qualitatibe aspect in order

to reflect the obtained results in the de91gn
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Table2-7:-1 Existing Port Fadilitiés

Control

Bérthing facilities Storage facilities depths ‘Open port facilities
‘ Facilities ' - e | B _
' Pier Whar £ Transit shed .Ware house . Open. Port Caugaway Other Un}oodlng_.
. _ ) A . - ' - - _ storage: area T port facilities
Port Bumber | Length Width Number | Length .. | Area in Area in |Area In | Depth Area in Length Struc- o
© of in in . of in Number square | Number square |square | in square Cooin turc
berths | meters meters | berths meters | - meters . meters |meters meters |meters | meters | . ©
Foreign ' : 3 | - -
(South- 1,012 C2 130,470 | 26,247 579,103 Bulkhead| =
Harbor , : N _ : : o |
Pier 3 4 385 ~103 o Jetty
Pier .5 4 360 103 4. 12,195 8lip
Pier 9 4 361 101 3 10,461 - do -~
) Pier 13. 4 433 82 12,035 - do -
Manila - Pier 15
Domeptlc _Bre&k'
qoreh 17,850 water
Harbor
- Pier 2 3 221 84 _ - 8lip
Pier 4 6 L2214 82 3 2,232 - do -~
Pier 6 6 221 - 80 2 1,488 - do -
Pier 8 6 | o221 81 2 1,488 - do -
Pier 10 6 221 80 b4 2,976 - do -
Pier 12 221 81 4 10,080 - do -
| Pier 14 221 84 2 3,200 - do -
San _ ' _ _ : ' .
Fernando | Foreign 2 200 19 9 19,600 85
C Domeatic 2 264 26 9 "85
Cagambalangan 144 15 12
sparri [Foreign and 5 385 15 118 | Jetey

2
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Standard  Section ot Existing Road

a) _Natioz_‘aal Road |

. . 8m
1.5m 4 m 4 m Lim
v 4 om Y4 m
A??//y;//?/ ///I)/l)/{bﬂ:
'Coﬁéréte Paveﬁent
b) J§pan4Phi1ippiﬁé Friendship Highway
11.7 m s |
: S 3
2-5_m 3.35 m ]3.35 m_, . :
: o . . _.Boundjry
1-0 i % ) ¢3m Li“
N ) ‘.ﬁ'-.

.Boundary .
Line

’

‘Lane Bumber

Design Velocity ~

Longitﬁdinal Siope
Minimum Radius

35!8 Tie bar,L = 0.75 L

Concrete Pavement t =0, 23 m _
Base, t = 0, 15 » (Pit—run Gravel)
.Shoulﬂeq t = 0.33 m (S501] or Gravel)

'Dehigp Criteria

2 Lanes (3 35 @ X 2)

Flat Ground Portion 80 ~ 100 kmlh SR
{Hill Portion - 60 ~ 80 ke/h
Mountain Portiom: =~ 40 A 60 km/h
Maximun &% (Exceptionally 7%)
50 m ( 40 km/h) SRR
1300 m (100 km/h) - e .
" Diduydn ﬁydroeltclﬂc Project . .
“Upper Cagayan Rlver'=
Republic  of the. Phﬂippmcs
Japnn lnternut!omt Coopemtlan Agency

‘Standard SLction of Fx.Lsting Road -

S 2 ~.397
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Location of Test Pits for Concrete Aggregate
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Chapter 3 DeVelopment of Feasibllity Gfede Deslgn

3.1, Review of thlmum Develgpmenf.Plan _

3.1.1. TIntroduction

Ae deseribed previously in Vol I Chept 3, 3-3- -3, at the
preliminary stage of study it was considered that two plans

out of variOus development sehemes were most economically
favourable - the scheme with an underground powerhouse in the_'
‘middle point of the waterway and the scheme with an open type
_powarhouse to be constructed at the terminal of the waterway,

both schemes to be developed in one’ stage._

It was also recommended at the first stage of study that though
1the underground powerhouse scheme apparently seemed economically
fabourable, this type of development might sometimes include
geologlcal difficulties, and that the f1na1 deeislon would be .

made after the termination of'necessery exploratlons.

Along with the general layout of the development scheme, the
type and magnitude of. the reservoir dam was also suspended to

‘the time of actually lnplementing the neceesary survey work.

Inls sectlon will dlscues the review and selectlon of the

optlmum development scheme and de51gn

'3,1.2. Selection ofoptimum Developnient Plan
L) Optiﬁum Development Scheme Reviewed

The details of the.drilling exploration at'the.otooosed
powerhoose site are described In Vol;_II,ZChapt. 2,.2.2.4.
Sudming.up'the result of a 400 m deep drilllnge,-the
geclogist reoorts'the occurrence of a whole leakage of
circulation water. The drillere'resumed the work after

cement and bentonite grouting around the point, but
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the shcceedtng‘dftliieg work went on very pooriy. An

intense geologic reconnaissance around the location led-te
| a susplelon of the presence of a 1atge~seale'fau1t or similar
geologic disturbances in this area and in the proposed

tailrace tunnel route.

The drilliung conducted around the open type powerhouse site
. &hows, on.the other hand, that the geologic conditions were
conparatively sound and that the conetruction there would be

easy and safe.

Based on these geological results, a review was made of the
- preliminatry comparative analysis ‘on powerhouse type as well

. as development scheme In general.

With the reservoir dam fixed at the Demsite No.ﬁ,“deSign of
an dndergfound poﬁerhouse and an oﬁen type po@erhouseIWas
made as shown in Figs.3-1-1 ~ 3-1-4 and Fig. 3-1-5 respec-

tively, together with the pertinent components of structures.

The salient figures of these two schemes are presented in

the followlng summary.

_ - . Scheme I i Scheme v
Ttem | Unit ' ' i Underground
. . - (QPQE;Powerhqqu?'Powerhpuse
Total construction cost $x106 _ 470.8 % 483,2
Max imum Plenttdischarge .‘m3/sec. 85.2 ; 85,2
Lose head m 35 | 30
Dam helght L m “1i1 111
: Length of headrace tunnel m i 11,700 5,500
Leﬁgtﬁ_of'penstock m i 2,013 ! 440
Length pf'tailraceftunnelz' m 203 6,940
Leﬁgth'of-trensmtssion line km 45 52
Annual'plaht.generation __GWh - o 957 967
.;Peaking caeecity WL 345 - 349 ¢
| Firm output Cow 308 i 312




The table shows that the Scheme IV requires a surplus cost

of $12 4 million agatnst a gain of 4 MW In peaking capability

and firm output and ‘10 GWh in annual generation.

To assess the economlc prtority, a method of cost—benefit

analysia is applted with the result as follows

" Scheme I ' Scheme IV
Benefit~cost | Net~benefit | Benefit-cost | Net-benefit
‘ratio - B-C ratio ' B~C,
. B/C. ($x107) B/C (5x107)
‘Power station : :
w/o transmission 1.79 30 1,77 29
line - : : '
Power-statlon :
w/ transmission 1.74 23 1.72 28

Thus, the review shows that the Scheme IV (open type_poﬁer—

house) s slightly more economical than the Scheme I.

‘As a matter of fact, such a small difference of benefit

calculated might be practtcally regarded of no significance,

But, with such flgures in mind,

it w111 be concluded from

a view point of - engtneering that the most sound development

scheme is the conventional open type powerhouse constructed

at the terminal of waterway at one stage,

difference is so small.

(2)

Selection of Damsite and Dam Type.

if the beneficial

Along w1th the progress of topographlcal and geologic

Surveys, a comparative study of the reservoir dams was

made-(see Flgs. 3—1—6 N 3-1-10),

' For the damsite No.2

‘only fill type dam is considered applicable, while for

damsite No.3 either fill type dam or concrete gravity type

may be adopted.

dame are as stated below:

The. salient features of these proposed




Dams ite No;i No.3
Dam ‘type Unit Fill dam | Fill dam | Concrete dam
Design flood of splllway | m3/s 10,500 10,700 8,900
Dam_height m_ 86 113 1t
Dam, crest length . m .692 432 415
Dam volume - £106m3' 6.04 6.88 1.2
Concrete volume of spillway x10% 0.24 0.64 -
H.W.L. of reservoir .EL m 653_ 648 648

The dam height for each type of dams was optimized by a

benefit-cost EHHIYSLS method as shovm in FLgs 3- ~1-11/3~1-12.

it_must be noted that the fill dams at No.2 and No.3 damsites

are designed for compar

ison.

From the result of the feasibility

éurvéys, it is repbfted that any suitable places for acqﬁifing

the ﬁecessary £111 materials with sufficient volume and quality

" are not avallable in the vicinity.

Cost estimates are made,

however, on the assumption that these materials are available

‘at quarries within a distance of 10 km.

' Based on the design data, a comparative economlc analysis was

done on ' the SEleCtLOH of dam types in relation to the whole

scheme, as represented in Table 3-1-1.,

Ag the basic pro;ect'

scheme, one-stage open powerhouse plan as described previously

was adopted.

- From thlS table, it WLLl be eaSLly seen that the most economical

plan Ls that of a concrete gravity dam at No.3 damsite.







Table

Plan

3-1-1 Swomary of Comparative Study of the Opt imum

Among Alternative. Development Plans

Ltex Init bescription
' Dpamsite - 0.3 No. 3 No, 3  No.2
) ¥ *
Type of Dax - Concrete Concrete Fill ™ Fill.
Reservoir H.W.L. Ei .48, 648, bu8. 653.
Type of Powerlzuse - Conventional Underground Convertional Conventional
- S :
“Total Construztiom Cost X 10 ¥ 1,177, 1,208, 1,498.7 1,357.5
S < 107 3 470. 8 4832 599, 5 543,
Associated Tr. Lene x 107 ¥ 24, 27.2 24, 24,
ST x 107 % .95 1.09 0.96 0.96
Design FiszZ of Spillway a7 sec 3,500 8,90 10,700 10,360
bam Height B it 111. 113, 86.
Dam Crest Lezzth 2 415 415. 422 692,
Dam Volume - x 10°=" 1.2 1.2 6.68 6.04
Concrete Yoluze of ‘Spillway x 107 . - 0.64 0.24
Annual Enerzy Generation Gwh 956.8 967. 956, 8 975.1
Max. Plant pischarge n” sec, 85.2 85.2 83.2 38.
Loss Head o 35, 30. 35. 35,
Effective Head' " 551 456. 451 456
U B-C for Total Comstruction x 107 3 29,3 28.9 15.2 241
B/C Cost - 1,74 1.72 1.37 1.55
B-—C1 forifonstruction Cost < 10Y 3 Q. 29. i6.1 24.8
e .uding T i5s1 ) .
BiC, Lo CorR rensmission - 1.79 1.77 1.40 1.60

+ Note:

‘Fill dams at No.2 & No.3 damsites are designed for comparison.
© Cost estimates are made on the assumpiion vhat the necessary materials

for £ill dams are available at the guarries within a distance of 10 km.
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