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Region I (1/2)

River

Sta. Catalina

NWRC HpC Catchment

ID #° River Name Code # Code # (km?)
100100 San Jose 70
100200 Aringay Ok 507
100300 Naguilian o043 528
100400 Caba - 85
100500 Barorok oh2 191
100600 Gantay 18
'100TOO Maragayap 60
100800 Darigayos 117
100900 Barobor 25
101000 Amburayan ok1 088 1,095
101001 Bakum

101100 Chico 273
101200 Dili 26
101300 Padaol 36
101400 - Bayogao 24
101500 Buaya oLo 228
101600 Oaig Daya 52
101700 Bucong 127
101800 Candon ho
101900 Narvacan 22
162@O0 Santa Marisa 039 300
1102100 Selvec 162
102200 Abra 036 036 5,085
102201 Tineg 038

102202 Binongén 037

162203 Malanes

lOEéGh' Baay

102205 Tkmin

102206 Utip

102207 Balasean

102300 Mestizo 18
102400 Vigan 95
102500 ' 115



Region I(2/2)

1-2

River . NWRC NPC Catchment ..
D # River Name Code # - Code # (km?). =
102600 Parsua | 16
102700 Bicol - 32
102800 . Lapog 33
102900 - Lupting e
103000 Cabugao 75
103100 Sapitang 22
103200 Sinait L1
103300 Badoc 17
103400 Tibangran 2k
103500 - Curimao _ 36 .
103600 Quigot 035 273
103700  Laoag 03k 1,320
103701  Cabugaon

103702 Bornay o
103800 Bacarra 38
103900  Vintar 033 672
104000 Pasuquin 8k
10k100 Sto. Pomingo 25. .
104200 Bocal 2. -
10k300 Nubla 30
10hk00 Tulnagan 2h
10k500 Boraon L5
104600 Banban 032 k7
104700 Bulu 031 236
104800 Cabacansan b2
104900 Caparispisan 12
105000 Caunayan 37
105100 Pansian 20
105200 Pasaling L



Region II (1/3)

1-3

River - NWRC NPC Catchment
D # ¢ River Name Code # Code # (km?)
200100 Centénela Dt. 030 265
QOOQQQZ Pata Pt. 6h
200300 Bangan 51
200400 Pamplona 71
260500 Gattu 029 735
200501 Marag
200600 Abulog 028 016 3,02h
200601 Apayao
800700 Linao 027 28Y
200800 Cagayan 001 100 28,095
200801 ‘Zinundungan 002
200802 Dummon 003
200803 Chico 00bh 011
20080k Matalag 005 032
200805 Saltan 006 018 -
200806 Tanndan 007 02h
200807 Paret 008 021
200808 Pinacanauan de
L Tuguegarao co09 025
200809 Pinacanauan 010
200810 Balasig 011
200811 Tumaunini 012 026
200812 Siffu 013 019
200813 - Mallig 101
20081 Ilagan 01l 080
200815 Abuan 015
200816 Disabungan 016
200817 Magat 017 017
200818 Taoteo 018 N
200819 Alinit 019 031
200820 Ibulao 020
.200821 Lamunit 021
200822 Matuno 022 030
200823 Sta. Cruz



Region II (2/3)

Catchmeht:

1-4

River o NWRC NPC

ID # River Name Code # Code # - (km?)
20082 Sta. Fe |
200825 Gunano o2k -

200826 Addalam 025 0Tk

200827 Dibuluan 026

200828 Conwap '

200829 Casecanan 029

200900 Apragonan 255
201000 ‘Banurbur (Bugney) 152 .
201100 Gulasing 108
201200 Mission _ 86
201300 Aunugsay ohs. 126
201400 Tapel 85
201500 Bausa 0bL6 135
201600 Nacaragaddan .65
201700 Casambalangan 15 -
201800 Diora 30
201900 Palawig 04T 166
202000 Tangatan 30
202100 Gotan 37
202200 Barraibi Lk
202300 Patunungan Lo
202400 Labig 43
202500 Apulagon 32
202600 Magui 32
202700 Linawan 95
202800 Tabuen 78
202900 Pageglan 30
203000 Macarabur 00
203100 Nineuan 32
203200 Tabuan 048 3?2
203300 Valiey Cove 53
203400 Baguio 58
203500 Ilang-Ilang 20
203600 Dulang 87"
203700 Lobod he



Region II (3/3)

205500 I,asapsapan

i~5

River | | NWRC NPC Catchument
ID # . . River Name Code # Code # {(km?)
"263806_.7 Bolos 69
203900 Dikatayan 0ho o8)
204000 Oway 85
- 20h100 Masalansan 53
204200 . Dikotongladen 050 13h
204300 Dirinamaran 127
'20hh00 Dilacnadanom 103
204500 Disukad 20
20&690 Dimapnat L8
204700 Palanan 051 - 805
204800 Debenbenan 65
204900 Digollorin n8
205000 Dimatatno Point 48
205100 Lukban 120
205200  Kanamuan 182
205300 Dinapiqui 30
205400 Ditubo 65
216



Region IIX (1/3)

River " NWRC NPC . . . Catchment .
ID # River Name . Code #  Code #  (xm®)
300100 Casiguran : 052 260
300200 Gomanginang ' 33
300300 Dibel 38
300400 Calabgan 85
300500 Taluegas 65
300600 Sangab ' | - 70
300700 Ditauini R 2 ko -
300800 Jagdawan ' - 53
300900 Dinajawven S s
301000 Dibulonan ' : ' - 932
301100 Delali : ' : 60
301200 Dipaculao ' _ o ks
301300 Cabatangan 053 . 600"
301400 Baler | 150
301500 Disalit 1k8 -
301600 - ' T 68
301700 - ‘ 53
301800 - L8
301900 - 110
302000 - 58
302100 Dingalan : - 51
302200 Inulat 115
302300 Umiray 05h 626
302400 Iadlang . _ - 52
302500 Pampanga 059 . 11,196
302501 Angat 055 012

302502 Penaranda 056

302503 Coronel 057

302504 Digmala |

302505 Carranglan 058

302506 Talaveras ik9

302507 Rio Chico |

302508 San Fernando

1-6



Region IIT (2/3)

River

NPC

1-7

_ NWRC Catchment
D # ‘River Name Code # Code # (km?)
3026b0" Caulaman 255
3027601 Colo T17
'30?860 Hermosa 61
302900 Orani 83
© 303000 Pilsr 060 178
303100 Orion | 61
303200 Miray Cr. 29
303300 " Lamao 58
3b3300 _ Amo Lo
. 3@3500' Alasasin 70
303600  Mariveles 53
303700 Agloloma 5)
303800 Diruangan k9
303900 Panayen 54
304000 Umagol 75
304100 Batalan 20
304200 Bayandati 50
304300 - Moron 061 80
30hh00 Sta. Rita 73
'édhsoo Calapandayan 121
304600 'Marelalec 63
304700 Cavag 59
304800 Agusuhin 33
36h900. Silanguin 35
305000 Wildhorse Cr. 2
305100 Deer Cr. 20
305200 Pundaquit 18
1305300 Pantavan 062 15%
305400 §to. Tomas 063 438
305506 Anonang 255{
305600 Dalayan 66
305700 Bucao 06k 48
305800 Bancal 065 188
- 305900 Bagsit 1h8



Region III (3/3)

NWRC

CNPC

Catchm

Rivér P ( _ %ﬁt-V
ID # River Neme Code # Code # {(km?)
306000  Pedro 4k
306100 Alasa 120
306200 Bunga 88 -
306300 Lawis 066 455 -
306400 Agnacon G
306500 Pinalabanan 154
306600 Nayom 155 -
306700 Banog 65.
306800 Bayambang 067, 313
306900 Eguia 50. .
307000 Dasocl 135
307100 Lotuan 61
307200 Baruan _ 84
307300 Balineaguan 068 358
307L0O Balingasay 485 -
307500 Alaminos 069 518 .
307600 Masedem (Barcadero) . 86
307700 Agno 070 002 6,287
307701 Camiling 071

307702 0. Donnel{Tarlac) 072

307703 Bulsa 073 _

30770k Ambayadan 073 08k :
307800 Dagupan oTL 573
307900 Sinocalan 075 901 .
307901 Tagamusing

i-8



Région”lf (1/4)

403300

1-9

River . NWRC NPC Catechment
D # River Nanme Code # Code # . . (km?)
IHOQiOOi' Palasan Cr. N
400200 Magnoc 39
hOOéOQ Depélybn 50
400400  Masla 35
'hOOSbO; Tamala Cr. 33
bo0600  Viguig k1
400700  Agos | 108 033 961
400701 Kaliwa
400800  Munting Sabang Lok
400900 Kinanliman ol
hOiOGOf Tignoah 107 103
401100  Tabayat 106 106
h6120¢__ Dalavinan 61
401300_ *'Tayébas 80
hOlhOO  Macabagan 53
401500  Pigpi 53
401600 Ginabihan Th
h017ﬁ0 Lagimbayan Malaki 105 90
h0180b, Bajao 38
hOléOOI Mauban 25
402000,  Maapon : 104 151
402100  Lugsn 103 99
402200 - St. Lucia 102 111
ho2300.  Biogan | by
402400 Atimoﬁan 115
462500,  Salin 33
h62606. Macbuhan 36
402700 ~ Gumaca 34
kbéSQQ' Hagakhakin 19
3 &°§9§61; Sen Vicente 3
'hbSOOGu Lopexz 133
403100 -"l 101 123
403200  Calauag 100 210
Quezon Canal (Tabogon) 33



Region IV (2/4)

NWRC

nCafchﬁént_"

River . _ NPG

D # River Name Code #. ©Code #  (xm?).
ho3ko0 - 2b5
403500 Kilbay 112 328
403600 Dapdsp L6
403700 Inas 95
403800 Vinas 0G99 188
103900 Capuluan 96
Lok000 Peris 131
404100  Guinhalinan 098 155
hok2oo Campiton Cr. 81
404300  Bicol 93.
ko4k00 Bahay 097 61
Loks00 Fuay Cr. 69
Loh600 Yabahan 096 L3
LokT00 Pagsajan 095 103
Lok800 Batanlog 35
L okooo Silongin 09k 120"
405000 Bondo T3
405100 Ayoni 104
h05200 Matataje -8y
405300 Mulanay .18
L05400 Catanuan 093 213
L05500 Cuteutan Cr. T0
405600 Hingoso 95
405700 Macalelon 092 163
L05800 Mayuboce 70
505900 Lagalag 58
k06000 Kalilayan 153 -
L06100 Cabuyao 56
LQ6200 Yawe 30
LO6300 Marao 33
406400 Cabog 23
L0o6500 Binahaan 26

1-10



'ﬁégidn IVI(3/h)'.

River . | ~ NWRC NPC Catchment

ID # . - River Name Code # Code # (km?)
406600  Palsabangan | | | 06
h66750 Pacbilao : 25
407800 - Tayabas - 101
406900  Morong 091 | 199 -
507000  Sariaya 91
L0T7100 Lanagdong ' 100
k07200  Lagnos | 090 8li9
‘407300 Boibok 089 | 107
hOThQQ Bignay - 53
407500 Bombong: 21
407600  Garban : h
LO7700  Lalya | 30
k07800 - | 23
kot900 = - | ' 15
’hosooo Rosario 088 226
408100 Banali LY
408200 - | | 28
408300 Pinamucan ' 56
408400  Malitam 69
408500 = Xalumpang 087 389
408600 Manginao 71
408700  Mojon 48
408800 - - ' 51
408900 -~ | | it
409000  Pansipit 086 755
409100 Colong-~Colong 38
hog200 Payay Cr. 58
4109300 ‘Bolbok Cr. hh
409400 Dacanlac 43
L09500 Benabang 085 1ko
kog6oo =~ i ' b1
409700 = Santiago . 91
409800 Bigaa _ b



Region IV (M/L)

River o NWRG NPC  Catchment
D # River Nanme Code #. . Code #  (kn%)
409900  Wawa - - R 3
410000 Lian © o8 - 250
410100  Balaytigue - | S 23
510200 Looce | a '55”
410300  Cutad 30
410400 Bayabay o HOV
410500 Maragonden 083 L 318
k10600 Balsahan lﬁi'
410700 Alemang . ol
410800 Timelan ' - 30
410900 Calibuyo ' 2l
411000 Canas : : 130
k11100 San Juan ' 125
411200 - Imus | 157
411300 Zapote ' gi
411400  Canalez . 65
411500  Pasig 076 020 4,040
¥11501 Marikina 07T 068 |
k11502 Msyor 078

411503 Pagsanjen 079

43150k Sta.Cruz 080

Li115053 San Juan 081

411506 San Cristobal 082



Regioﬁ:v{llh)

River . NWRC NPC Catchment

LID#. River Name - Code # Code # (km?)
15d01004" Angas : o 26
1500200 Santol : 68
500300 - Del Pilar 79
560&66 - Bunot . ' LY
500500 - Calaboca o ks
500600 Mactang - ¥
_ 500"{00 C'amag saan ' n3
500800 Balud-Balud - 86
500900 - 5l
.SOlOGO, Alasanin : g 36
501100  Panang | | 25
5012Q0 Méngrove Point 49
5013oﬁ' Magsimato ) 115
 501&00 Matogdon 110 988
501401 Labo
501500 -~ Daet 111 275
501600 Matoogtoog | 73
501700 Culasi ‘ 20
501800 ' Mangaras Point 33
501900 Manga 115
502000 Bicol 11Y 2,965
502001  Sipocot
502100 Inagyanan 63
5Q22§O1 Tigman 60
502300  Caaluman 61
502400 Himoragat | 215
502500  Bayang | 51
SQQEQO, Panasan 213
5ogjd§' Maslog {Sitio) ok
5628@0. Témbang 116 15h
502900 Guibahoy 73
5Q3060. . Pulpog . 93
503100 Bahi 46
503200 Catanagan 150



Region V (2/%)

NWRC "NPC

Catchment

Ri#er _ (

I # River Name Code # = Code #  (km®)’
503300 Tabagon 39
503400 Oroc¢-0soc '5?
503500 Manapon 65
503600 - 26
503700 Cobacognan (Sitio) 2k
5038?0 Cabugo Bay (mouth) 18
503900 Licongcong 30
504000 Rabel .93
SOhlbO Orocosoc 739
504200 Cagayag 63_
504300 Lagonoy 117 243
504400 Quinarag T1
504500 Sagnay 2Qh o
504600 Ford (Sitio) 30
504700 May on 25
504800 Barit 33
50&900 Visitang _h;f_
505000 Gajo _ b3
505100 Quinale 118 055 205_ 
505200 San Vicente ' - 76 -
505300 Bacalayon 51'
505400 Basud 51
505500 Yawa | 125
505600 Joracpon (Sitio) h3f
505700 Tieman 125
505800 Malabago (Sitio) 25 o
505900 Buyo by
506000 Cavit (Sitio) 35
506100  Bayong 2
506200 Parang 23
506300 Maigang 53
506400 Malabong Creek 20 4

1-14



'Region v (3/h)

River : NWRC - NPC Catchment
ID # - River Name Code # Code # (km?)
506500 Calao 63
506600 - - 61
506700 DLayog 4o
506800 Calagoto 55
506900 Buhang . L5
507000 Tawog Creek o5
| 507100. Hinebeyan Creek 25
507200 Bulusan 18
507300  Patubayan 2}
507&ob" Talaonga (Sitio) 26
507500 Matnog | 125 95
507600 Buhol | 51
507700 Ginablan 25
507800 . Hinablan 2h
507900  © Suja 124 86
508000  San Ramon 123 75
508100 Banuangdoan 58
508200 Guibalon 21
508300  Caditaan 39
508'140“.(.) Pulangduta . 69
508500  Cadalan 2l
5086ob San Francisco 122 205
508700 | | 29
508800 Namuat 43
508900 83
509000 g 28
509100  Cawayan Creek 010 35
509200 Rizal 38
509300 Menito 33
5b9hoo Dulangan 83
509500 Macalaya 71
509600 Pilar 15



Region Vv (L4/k)

NWRC

FPC-  Catehment

River _ _ _
I # River Name Code #  Code # (km?)
509700 Cumadced 121 121
509800  Ogod 120 215
509900 Densol 119 36%
510000  Sibago 58
510100 Buenavista 30
510200 Panganiran 25
510300  Bagalayog Point 76
Slohob Badian -55'
510500  Dawagan | o
510600 Nagas 39
510700 Itagnan 35
510805 Hamoraon 18
510900 Macabugas 235
511000 ~ Unknown '25‘
511100 Bual (Sitio) -23:"'
511200 Ngaran 71
511300 Mapatos on
511400 Caranan 79
511500 Cslibayan (Sitio) _ 69 
511600 Tinalmud 115 119
511700  Caima 70
511800 Ragay 113 210
511900 Paculago 4o '
512000 Omon 103
512100  Comagaycay 3y
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-"-V_Nzigu__i_lrian SCI}enle is proposed as a run-of-river type, consisting
of about 6 m height and 68 m width concrete intake weir on the
_'Tnmdad river, Approxima‘tely 297 m head is taken with about 9 km
long- water way tunnel, through right bank of.the Tnmdad river.

B Intake welr of Naguzlxan scheme ' is located. at 500 m
downstxeam of confluonce of the Trinidad and Payung rivers where
is situated at 12 km north-northeast of Baguio city and about 7 km
‘north of Trinidad city. The intake weir site is not easily accessible
from Trinidad city due to rough road along the Trinidad river and
'steeply graded tiver valley. ' :

_ Power house site is located at the right bank of Trinidad river
about 9.5 km downstream of intake weir site. According to the
existing geological map, the proposed site is composed of same
géo_lo_gi_cal condition to that of Amburayan site, that is, late Miocene
to Pliocene sedimentary rocks and early to middle Miocene
sed1mentary rocks intruded by Ncogene quartz diorite.

Both abutments of intake weir site form gorge which is
underlain by limestone. The fresh limestone exposed at from toe of
abutments to mark of the high flood level without vegetation and
weathéred soil. There are some- pine trees grew on direct from
'hmestone _]omts at higher than flood level. The very large limestone
rock fall and huge limestone bouider are deposited on riverbed, and
riverbed are studded with some diorite or agglomerateic boulders
and gravels.' ' S

- The ‘volcanic flow in distributed at right bank side between
mtake weir site and conﬂuence, and also talus debris and rock slides
are occurred at both nver sides.

And hlgher elevanon of abutments are stable covered with
resuiual 3011 The cavernous limestone is distributed along the
. Trinidad river from intake weir site to downstream, therefore special
‘foundation treatment is necessary for intake weir and tunnel inlet.



About 2 km from intake welr, limestone changes to . the' alternatiﬁg"
beds of sandstone and conglomerate, that is, “water way tunnel will
pass through the late Miocene to Pliocene llmeStone, and early to
mlddle Mlocene sandstone and conglomerate.

The SBCthI‘l of the‘ sandstone w111-requ1re -'s'u'pporting" wbrks’..
Furthermore, the tunnel is to traverse the cavernous hmestone zone
near the inlet area, consequently ground water leakage 1nto the
tunnel is posmble to happen in the hmestone area. ' '

The geology of power. house site -will be underlain by the hard
to rather hard alternating beds of sandstome -and conglomerate.. The
regulating reservoir area is chiefly underlain by coralline limestone. -
Obviously water leakage from reservmr to out31de is posszble to_
happen in the cavernous limestone zone '

The most suitable concrete aggregate is 1ocated at nverbed
within 1 km from intake weir site which is underlain by limestone,"
very large rock fall and huge boulder. ' ' '

Luya (1-10-0-1)

Luya scheme is proposed as a run-of-river type, consisting of
about 14 m height and 45 m width intake concrete weir on the
Amburayan river, 1 km downstream from poweér house of
Amburayan scheme. ' o ' -

.Approximately 123 m head is taken with about 7 km long. water
way tunnel from intake weir to power house, through rlght bank of
the Amburayan river. '

Regional geology almost same as. Amburayan scheme, that is
middle Miocene sedimentary rocks which is probably equxvalent to
Zigzag series and Quaternary volcanxcs of andesitic to dacmc
composition. ' S



The Amburayan river forms gorge at the intake weir, Geologic
_structure of thlS area is controlled by NS trending. The _geology' of
_m__take weir site is probably underlain by hard 'compacted
' 'co‘nglomerate, sandstone and shale of middle Miocene. - These rocks
may be slightly ‘weathered with some cracks, There are no major
faults to effect the stability at the intake weir site. '

.- Rock quality of water way tunnel route and proposed power
house  site’ ‘is - also . generally fresh and compacted which is underlain
by-a sequence of middle Miocene conglomerate-sandstone-shale. It
seems to have enough strength for tunneling and for power house
foundation,

Regulation _;'c'servoir area is underlain by  conglomerate-
sandstone-shale ‘which is covered with river deposits and talus-
deposits. There is no evidence of water leakage and landslide, then
there is no special problem of hydrologically and slope stability.

B The suitabie quarry site for co'_ncreté aggregate is located at 1
km south-east of damsite which underlain by hand conglomerate and
~sandstone.” Sand materials can be expected within 2 km from weir
site on' the Amburayan river flood plain. |

'B'kum“ 1-'1 : 'Lz

Bakum scheme is located or the Bakum river at about 2 km
north- east of bamo Bakum in northern part of Benguet Province.
The Bakum river is a tributary of the Amburayan river. the junction
of the Bakum and - Amburayan rivers is located at about 27 km
downstream from intake we1r site in the western part of Luzon
Central Cordillera.

The Bakum scheme is proposed as a run-of-river type. Intake
weir site is located at 3 km south of Mt. Tungtayan (1800 m). Inlet
su_o 1is located at lef_t bank of the Bakum river. An approximately



210 m head is taken with 5§ km long water _way tunnel The '1'9_5@;0-1'1.
of power house is about 4 km west of Mt Tungtayan ' I

Accordmg to the. existing- geoIogical map, regxonal geology of thls _
area is underlain by Nl Formation and UV Formatlon both formatlons :
are contacting by fault each other. : S

N1 Formation- is underlain--by Miocene well " bedded 'cl'as_tic
sedimentary rocks which is probably equivalent ~-to;-2igzag F_o_rmat'ion'."'
UV Formation is underlain by Cretaceous - to  Paleogene
metamorphosed basalt and andesite which is probably eqmvalent to
Pugo Formatlon ' S

Intake concrete: weir is proposed as 6 m in helght and 50 m in
width. The topographic feature of the intake site is composed of
very steep mountain slope and deep canyomn. -

The sIoPes of valley form V shaped canyon Both .abutmenfs
are covered with -residual soil which are several meters in- thickness.
Some boulders and cobbles are deposxted on nverbed

Bed rook of 1ntake weir is poss1b1y underlam by well hedded
clastic sedimentary rocks which are conglomerate, sandstone and
wackes. These rocks are to be well indurated and compacted with
low permeability; The water way tunnel is through'l_e_ft'_bank of the
Bakum river. | . o

The overburden of tunnel route has enough thxckness for tunnel )
excavation. Generally, excavation conditions is faxrly good w1thout'
support.  Geology of tunnel route is probabiy composed of well
indurated conglomerate, sandstone and wackes, but some parts
where several geologic lineaments pass, will require full support '

The power house is located at left bank on the Bakum river.
Bed rock is. probably underlain by conglomerate,. sandstone and_
wackes of Miocene. No ma_;or fault is found at the site. Severall
meters thickness talus deposits and terrace deposus overhes the bed

rock.



- Regulating reservoir area is almost similar to floor of the flood
area, : 'and -then water leakage may be remote.

The miost smtable quarry site for concrete aggregate is located
at. 1 km east of intake weir site which is possibly underlain by
Miocene conglomerate - and sandstone. :

) 'Sb'u'rces of materials is remote from intake weir. The proposed
_ borrow area of sand and gravel is located about 10 km downsircam
_ of 1ntake weu and 5-6 km downstrcam of power house.

A}ﬁburayan {1-10-1-4)
'__Amburayah-- scheme is proposed as -a run-of-river type,

‘consisting of about 6 m height and 62,5 m width intake concrete weir
on the .’Nabuang river. : : -

Approxxmately 195 m head is taken w1th 13 km long water way
_tunnel from two intake. weirs to power house, through right bank of
the Nabuang river. The main intake WEII‘ ‘site is located at 500 m
upstream from the Bagulo Kibungan road- suspension bridge which is
over the Nabuang river, a tributary of the Amburayan river.

| The addltmnai sub weirs are located on another tnbutary of the
. Amburayan river at about 9 km north-northeast of main intake weir
and 4.5 km northcast of power house site.

The water of sub-weir w111 be convened by tunnel and joins at
about 7 km point of main’ ‘water way tunnel route from inlet site.
The power house site is to be located at right bank of the Nabuang
ri_vef ét'abo'ﬁt 9 km downstream of main intake site,

§ Accordmg to the geologxcal map of the Benguet province in scale
of 1/250 000 (BMG, September 1974) the proposed scheme site
consists of late Miocene to Pliocene sedimentary rocks which is
| probably equ;va}.ent to Klondyke or Rosario Formation, early to
mlddle Miocene sedimentary rocks which is probably equivalent to



zigzag series mtruded by Neogene quartz- diorite, and Quarternary
volcanics of andesitic to dacitic composition,- ' The- Nabuang river-
forms gorge at the intake weir site, downstream of this pomt both
river sides form w1de and shallow V shaped canyon.

The geology of main. mtake weir site is underlain’ by the coral |
limestone. Immediately downstream of weir site consists of volcanic |
conglomerate and limestone.  One small tnbutary is’ located at
immediately downstream of the bndge on ‘left bank. River depos1ts
are not well sorted, they are cornposed of huge boulder, gravel and.
silty sand. At the main intake weir, limestone which is porous,
strongly to moderately weathered underlie, and aiso many caves are
developed. o |

From above reason, main: intake site ‘seems to be “very high
permeability. The treatment work of intake weir will be
accompanied with many difficulties and high cost. .= The jomts of -
limestone 1is developed parallel to the beddmg and also vertxcally,
but coraliine limestone at the left bank of intake weir site 1s ‘rather
sofid than rlght bank side, even $o small scale caves and solutmn, '
trace are found. The beddmg of hmestone is shown about N 20°‘
E/25-75° east.

Between the intake weir site and suspensmn bridge at the nght
bank, there is underlain by debris ‘and rock fall of  volcanic
conglomerate, but it is very hard and solid at under the bridge SIte.
On the other hand, at left bank volcanic conglomerate is located at
downstream of bridge, it is occupied about 100 m in width along the
river and after that limestone is exposed at riverbe_d again.

The regulating resefvoir is underlam by Ilmestone and volcamc
talus, therefore it is necessary that some spemal treatment to protect'
the leakage. Sedimentation of reservoir is almost no effect to: that
regulating reservoir. o

The geology of sub intake weir site is probably underlain by

hard compacted conglomerate, sandstone and shale _o'f' early to



middle . Miocene. - These rocks may be locally weathered and
watertightness. of bed rock is to be good except fractured zone.
There are.no . major faults to effect the stability at the sub intake
we:r site. '

Rorc_k quality of water way tunnel route is estimated to be
generally fresh .and compacted which is underlain by a sequence of
early to middle Miocene conglomerate-sandstone-shale at outlet site,
limestone with interbedded conglomerate of late Miocene to Pliocene,
and dacite df Quarternary volcanics at inlet site. However, the inlet
area of water way tunnel is estimated to be cavernous or fractured
jointed hmestone,_ and then this area may be required special
treatment for water leakage.

PropOSEd_power house site is assumed to be underlain by a
sequence of fresh and hard conglomeraté-sandstone-shale of middle
Miocene, covered with talus depbs’its and some residual soil. It
seems to have enough strength for power house foundation.

AL -ragiilﬁirig reservoir of main intake weir, fracture and
~pervious faulted zone are situated on right bank. And also many
rock debris and talus are deposited on both riversides due to
unstable of valley slopes. Some stable and water-prdof treatment
- works are_ required. '

The suitable concrete aggregate is located at within 2 km
upst’x‘éam' on the riverbed of main intake weir site which underlain
by indurated limestone and diorite boulders. Proposed sand and
gravel borrow "area is located within 2 km from damsite.

Banagang_ (1-22-0-1)

~ Banaoang scheme is proposed as dam and reservoir type,
comprlsmg construction of approxlmately 76 m high rockfill dam on

the Abra river.



The proposed damsite 'is situated -at the north-south treﬁding_
Vigan Gap, 22 km upstream from estuary of the ‘Abra river and
immediately upstream of the bridge of national road route 3, - o

The width of the bridge is about 300 m and water depth . is
several meters, but immediately “downstream of the bridge, ~broad
plain is extend toward to the sea coast along the Abra river.. The
riverbed is lying at an elevation of 20.m above sea level.

Accordmg to the ex1stmg geoioglcal map, basement rock of
damsite is underiam by Cretaceous to Paleogene rocks These rocks
consists of dmr;te metavolcamcs, _. andes:.te,. shale and wacke—.
sandstone. | ' |

Diorite is located at both abutments of dam axis, metavolcamcs
1s mamly Iocated at downstream of dam axis, and a series of.
alternating andesite, shale and wacke sandstone is Iocatred at
immediately upst'r'cam of dam axis.

The Abra river meanders at 1 km upsiream from the bridge,
and the river floor is covered with thick sandy gravel and boulder
with silt. ' '

The lower river terrace of right bank is covered with silty 'c;lay.'
The thickness of the terrace may be between 2-4 m. At the 'severél'
places of the right bank slope, the blocky debris is deposited, but the
toe of very steep slopes on both abutments are ckpo’scd of_"ba'sément
rock and free from debris. The Gap slopes of high elevation are
covered with forest.

The general trend of the tectonic structure of proposed scheme
is north-south oriented. The northeasterly trending ma_;or fault
system is recogmzed immediately west of Vlgan Gap

At the damsite, fresh diorite is only exposed at the Teft bank
axis from riverbed up to the height of about 50 m. The diorite of
right bank side is moderately to strongiy weathcred thlck chonnc
stony to blocky talus is deposited at the steep parts of gully of right



abutment and. also some rocks have been altered into clay and some
* debris  remain in residual soil.

The c_la’r_k gray color andesite at damsite is mainly massive showing
block or slab jointing with a spacing of 1 to 100 cm. The brittle shale
sequence consmts of several cm to 10 cm platy structures which is .
exposed at east of andesitic rocks of damsite.

So that, the basement rock of dams1te is generally sound and
weathered partly. At the rlght abutment talus dep031ts and
weathered diorite have to be excavated to at 1east 5-10 m in depth

_ The permeab:hty of bed rock on dam axis may be low to
1m.permeable, however upstream side of damsite could be high to
,medlum permeablllty due to intensive jomts In order to prevent
leakage through the Jomted ‘and faulted zone of the dam foundation
‘and abutments, grouting of subsurface is required. |

The basement rock of power house site is underlain by stiff
compacted metavolcamcs There s 'no serious ge'otechnical problem,

The reservoir area of about 284.4 km2, extends towards
eastward from damsxte, within flat and broad meanderlng valley, In
the - reservon‘ area several typicai cuesta is found near damsite.
Slldxng of rock way occur in the area because an existing landslide
was observed on cuesta zone.

The reservoir basm is formed by wackes and shale with dacite
and andesmc flows of Paleocene-Eocene rocks. The permeability and
gr_ound ‘water condition of reservoir area is probably watertight,
be'c"au'sei’hy}drogeologically,_thick impervious residual soil and high
_ground water level is expected in the flood plain of meandering
valiey

The suitable 'rbck"quafry' site is proposed at rocky hill 3 km
upstream left’ river bank of ‘the Abra river from damsite. The bed
rock of hill is underlain by diorite or andesite. Fine aggregate and
sand matenais expected to riverbed sediments on the flood plain



within 3 km from damsite. The: proposed borrow . area:for eart'h :
materials is located at the lower terrace dep051ts of nght bank 1.5
km upstream of dam31te :

~ Supo_ (1-22-0-5) |
Supo scheme is pr0posed m mzddle reach of the Abra river at
the boundary of Abra and Ilocos. Sur Provmce,_ about 90 km

upstream from Banaoang site and ‘also. thu. site is located around 25
km southeast of San Esteban NPC substatlon

The Abra river - wmds towards north through the boundary of
Luzon Central Cordillera and Hocos Rancre At the damsxte the Abra‘
river flows to west and forms V- shaped valley

According to the existing geologic map, proposed scheme site is
underlain by largely metavolcanics of Cretaceous to Paleogene as
spilites and basalt, and lower Mmcene sedxmentary rocks. Several
inferred faults occur along the Abra river. Structurally, major faults
occur 500m upstream of damsite.

This scheme is proposed as rockfill dam and reservoir type and .
dam height of about 138 m has been considered. Both abutments are
covered with residual soil of medium th1ckness River gradanon is
almost flat slope then nverbed is filled with very thick- ‘sand and
gravel. ' '

Bed rock of damsue is probably underlam by hard and very.'
sound metavolcanics with some fractured zone due to effectlve of
fault. Surface about 5-10 m in depth may be weathered '

Power house is located at left bank_of the Abra river, bed rock
is underlain by metavolcanies which may be hard to very ha_1fd_., ‘and
is covered several meters thickness of talus deposits. Then it will
require no special foundation treatment, Reservo;r area of Supo damr
is about 37.2 km? at crest elevation of 320 m. | - -
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- Major faults (trend N10°E) occur along the left bank of the Abra
river and .other several assumed. faults occur along the right bank.

‘ Reservmr area 1s underlam by lower Miocene sedimentary. rock
and Cretaceous~Paleogene metavolcamcs . Reservoir area will be
watertlght except fractured fault zone. Sloj)e stability  is ek'pected to
be good except some shdmg soils and rocks after impounding.

Rock materlal will be supplied from the hard to very hard
metavoloamcs rock at 3.5 km south of damsite on right bank of the
Abra river.. Sand and gravel materials are expected within the Abra
river- 1mmed1ate1y upstream  of damsite.  Earth material - may be
collected from the weathered zone of the lower Miocene sedxmentary
rocks

Bteb (1-22-0-6)

Eteb scheme is proposed on the Abra river about 12 km
upstream from - Supo - damsite. It is 1.5 km upstream of the
oonﬂuence of the Abra and Ditong rxvers, and 1 km downstream of
barrio’ Eteb '

Proposed scheme is located at Ilocos Sur Provmce east side of
Ilocos Range ‘and - west -margin of Luzon Central Cordillera mountains.
The alluvial flood plain of damsite is about 60 m wide and the
~ abutment have moderate to steep slopes. However, the Abra river
has enlarged its alluvial flood plain from upstream of bairio Eteb,
-and then mountain flanks have become gentle slopes.

_ Reglonal geology at the site is almost same to that of Supo
, scheme Strueture pattern is N-S, spec1a11y major fault running along
the. left bank of the Abra river. Proposed scheme site is probably
underlain. by metamorphosed andesite and basalt of Cretaceous to
Paie_ogerie aild._ congiomerate_, wackes and shale of lower Miocene.



Eteb dam is proposed as rockfill type, and dam height of about
118m has been considered. Bed rock of damsite: is underlain by
probably hard to very hard compacted sound metavolcamcs with

some fractured zone due to effect of fault at rlght abutment 7

Permeablhty is generally low except partlai fractured zone. Rock.' '

strength is ‘estimated  to be enough for dam foundatnon except,
strongly fractured zone.

Power house is to be located at. nght bank of the Abra river.
Bed rock is underlam hy hard to very hard and shghtly weathered_
metavolcamcs covered thh talus dep031ts N

‘Reservoir area is possibly _underlam' by metavolcanics and
calstic sedimentary rocks which have enough watertightness except
strongly fractured area. Reservoir area is surrounded by faults and
fractured zone. Slope will generally be stable. However some area is
not stable. Very large scale of debris flow is seen about 2 km.
upstream of damsue at left bank of the Abra river.

Construction mate_rials' can be expec_te_d in surrounding area :with .
good quality and quantity, Rock materials. will be collected. from

steep mountains ridges of metamorphosed basalt and andesite at 2.

km east of damsite. Sand and gravel materials can be expected 1-3
km upstream. of the Abra river flood plain. Earth materials will be
supplied from residual soil of clastic sedimentary rocks which
develop in gently sloped hilly area of 3.5 km south east of damsite.

Abra (1-22-0-10)

Abra scheme is located at upstream of the Abra river in most.__
northern part of Benguet Province, wh1ch is sxtuated in the Luzonr"
Central Cordillera zone. |

Intake weir site is located ‘at 5 km southwest of the Mankayan
Mining. This scheme is proposed as run-of-river type. Power house
is to be located at right bank of the Abra river 8.5 km downstream’
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froﬁi-:'-'fi'htaké_ site, and both sites are comnected by water way tunnel
of about 6 km long.

- Proposed’ scheme area is located in Luzon Central Cordillera
Range which rises up to 2000 m above sea level. The general
'geology ‘of -this area is similar to that of Agno-1 scheme. Geologic
structural direction is south and north, and large scale fault is
running along- the Bacarus river.

According to the geological map, basement rock is underlain by
metavolcamcs of Crctaceous to Paleogene intruded by Neogene
quarts dlorlte or granodwrlte - And early to. middle sedimentary
rocks contact to intrusive rocks - by fault. The geologic contact of
quartz diorite and meétavolcanics occur almost left bank of the Abra
river.. These  are unconformably contact. Major structrues of the
scheme are arranged at right. bank side, where quartz diorite zone is
seen.

Intake weir _site is to be located at V-gshaped valley, and
resxduai soﬂ ‘of abutments is probably rather thick at higher part of
'_bo_th abutments. At 1f1v§:rbed exposed bed .rock are covered with
some boulders and cobbles. Bed rocks is probably underlain by
quartz diorite or granodiofite Rock quality is estimated to be hard
to- vei‘y hard compacted. Permeability -at the site may be very low
except ~deeply weathered zone.

: Waterway is in quartz dlorlte or granodlonte Rock quality is
probablly- hard to very hard indurated. Overburden is mostly enough
thickness for tunneling except some points crossing small gully.
Rock quality - is ~probably hard to very hard, indurated and
' compacted Rock is affected by fault at the outlet site.

| Power house is to be located at rlght bank side which area is
_g_eologlc contact zone of quartz diorite (Intrusive rock) and
‘metavolcanics. Probably power house site is underlain by the
intrusive rocks. ~ These bed rocks are covered by thin residual soil
and some talus deposits. = Bed rock has enough strength to build
power house. '
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The area of regulating reservoir is quite small and hmxted s0 that no
special problem is. expected. ‘ : SO '

Concrete aggregate is expected to ‘Cretaceous- Paleogene
metavolcanics at 2 km northeast of. damsxte and sand matenai to. be
taken from 4-6 km downstream of _power. house, - ¥

Sisiritan  (2-6-0-1)

Sisiritan scheme is proposed as a dam and reservoxr type
Construction of approxlmately 112 m high rockﬁll dam is planned on:
the Abulog xiver. The proposed damsite is about 150 m wide U
shaped valley on elevatlon 10m above sea Ievel at rnverbed :

The Slsuitan scheme i$ sxtuated at 35 km- upstream of estuary‘
of the Abulog river, about §5 km downstream of confluence of the'
Abulog river and the Tauit river, in Kalmga Apayao Provmce

According to the observation of aerial’ photographs' and
topographic maps, the Abulog river is very wide which is being
vigorously variation of riverbed at upstream of damsite.. A broad'
flat basin was formed between the Abulog river and the Tamt rlver -

The. exxstmg geological | maps ‘show the scheme s:te to- be formed '
Miocene N2 Formation (probably equivalent to. Cabangan Formatlon-
and Callao Formatzon) and Ibulao limestone. ' '

The left abutment -would be the' Cabangan sandstone and
contains some intercaiated siltstone and claystone. . Right bank
abutment is probably formed of pervious limestone, which
unconformably covers the clastic -sedimentary ‘rocks. - Ibulao -
limestone is to form the deep and marrow canyon along the Abulog
river 13 km upstream from damszte - ' :

According to the aerial photographs and  existing geologioal,
maps, major limeaments in the study area have generally north- .
south trend. one major and one minor ‘fault systems ‘were
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recoghiied namely, the Gened fault and unknown fault south of
' barrlo Bubulayan .

The Gened fault is traceable for a distance of 9 km north-
northeast ward and passes through the Abulug river canyon at the
hmestone area.. . The unknown fault stnkes N45°E, dipping steeply,
occur along the right bank of the TAuit river, The fault line is
traceable for a distance of 5 km on the aerial photographs.

'_T_he riverbed."ls covered with thick sand and gravels. The right
abutment of limestone 'aréa is covered with thick and dense forest.
The ‘left abutment of sandstone area is formed by steep cliff.

~ The foundation of the dam center core will be founded on

'sligh:tl_y weathered sandstone and porous limestone. The depth of
core. trench - depends on the thickness of the river deposits and
weathered rock. The slightly weathered permeable zone underneath
the . riverbed and at both abutments will require some cement
grouting to seal open fractures.

‘The power house is located immediately downstream of ‘damsite
on left bank of river where underlying sandstone covered with some
 residual soil. :

Dwersmn tunnel ‘will be excavated in the limestone zone on the
'rlght abutment without full support. Natural caves and water
seepage course must be controlled by cement grout.

A quarry area to work fresh hard limestdne, suitable for
ro'ckfiil' could be exploited in the reservoir area 7 km southwest of
damsrte ~The river and terrace deposits are probably very thick. It
will ‘be su1table for sand material of dam construction. Sandstone
and claystone, probably suitable for earth material, will be exploited
‘at  residual soil deposits in the reservoir area within 2.5 km
“southwest from damsite. |
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Reservoir area is about 722 km2 and WH{ch s -'Slihili'é'rgéd""n'éi_ |
only the wide alluvial plam also the Gadeng fault and limestone
'canyon

The presence of thick calstic llmestone chff and ‘the Gadeng
faults in the canyon ‘area indicates “the possxhxllty of the high
permeability.  As the depth of 1mpoundmg water would " be great'
there is a risk of excessive leakage or seepage on the upstieam of the
limestone canyon. Some slides may occur at along the Tauit river
after impounding, because the right bank of Tavit river is fourmed
by deeply weathered faulted escarpments. Judgemg from such
| geological COIldlthIlS, it is not recommendable to plan the scheme
here. ' -

Bi] ula an_ (2-6- -2

Bubulayan scheme is situated at the wnde gorge on the Abulog
river about 13 km upstream of Sisiritan damsite in the northern part
of Kalinga Apayao Province.

A dam height of about 183 m has been consxdered at thxs site,
The Abulog river is meandering in the alluvial plain from 1 to 10 km
downstream of the dam axis.. The riverbed is about 70-80 m wide
and the abutments have steep slope up to 200 m in elevation. .. |

The project area is situated on the north-eastern margin of
Luzon Central Cordillera. The area lies in the Cretaceous 1o Miocene
Formation. These formations consist of thick extensive basaltics
pyroclastic rocks and. lava flows of Cretaceous-Paleogene Caraballo
Group, and early Miocene hmestone and clastic sedimentary rocks.

The Gen_ed fault tre’nd NNE lie in the hm_estone area 4 km
upstream of damsite along the Abulog river valley within reservoir

The existing geological maps show the damsite to be formed of
Ibulao limestone. These beds unconformab]y ‘underlie sandstone and
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: _sﬂtstone ‘of Cabagan Formation, which outcroppings surrounded
'alluv1al fl__ood plain- between Bubulayan damsite and Sisiritan
damsxte

The aerial photographs show prominent north-south trending
large fault, namely Gened fault which controls the structure of the
Bubulayan scheme. -

Accordmg to. the aenai photOgraphs mterpretatlons, bed rock 18
only exposed at the both banks of the Abulog river up to ‘the hlgh
flood water level but further up hills are covered with dense forest.

The damsxte is formed of shghtly weathered hald and indurated
hmestone However, ‘the limestone can be’ expected to be pervious
th_rough weil defined, interconnecting open joints and fractured
fissures  particularly at immediately upstream of damsite where it
would be faulted.

And’ then, big amount of leakage and extensive cement groutmg
at damsne can be considered necessary. Therefore ‘this damsite is
__not recommendable from such poor geological conditions.

Buln_(2:6:03)

'The Bulu scheme is proposed as a dam' and reservoir type.
Construction of about 160 m high rockfill dam is planned on the
Abulog r1ver about 15 km upstream of the Bubulayan damsite,

The w1dth of riverbed is about’ 60 100 m . The flood plain of
river can be expected to vary from sand to gravel layers and 20 to
30 m in thlckness The both abutments of damsite show steep
_310pes -

The aenai photographs of this area show promment generally
no_rth -south trend geologic structures and several east-west trend
geologic lineamenis.
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Several faults are inferred to across at a right an'*g'lo “to ’tﬁc'
Abulog river.  Three major  faults were recogmzed namely, the
Bulubatvan fault immediately east of damsite, Magapta fault 2.5 km
west of damsne, and Kabugao fault 1 km west of Magapta fault

Bulubatuan fault strikes N6°W-. and dlpplng 71°SW across thef’
immediately downstream of - damsite, - Magapta ‘fault trends:
northwesterly and intersects the Abulog river three times. Kabugao :
fault has kerencols and kerenbats which is 39 km in length Due to
the Gened Fcasrbrhty Study chort (1979), Kabugao fault is to be .
active. :

The exrstmg geologicai maps show the scheme area to bc formed
of andesitic rocks of Eocene Llcuan Formatron mtruded by dlontc in
the Miocene age.

The left abutment of Bulu damsite is probably composed of
diorite, whereas thc right ab.utment is Eocene. andesite.

Both abutments have many broken closeiy -spaced ]omts ‘and
may be expected to have moderately to high permcablhty 'The bed
rock at the left abutment is intensely. loosened due to influence of
Bulubatuan fault and minor fault across the dam axis at the right
abutment.  Special treatment for dam foundation such as curtain
grout and consolidation grout will be required.

The reservoir area of about 97.4. km?2 extends along the - Abra
river and the Binuan river. The steep valley slopes are generally
covered with forest or bush, but several sliding topograpluc slope are
found by aerial photographs mterpretatron -

The bed rocks of slope of river banks, are exposcd up to the
high flood water level. The reservoir area is generally est_imatcd__ to, .
be low permeability, because it is formed by diorite and andesite.
However many fractured faulis exist crossing the Abulog’ river and
along the Binuan river. Therefore the water leakage through these:
fractured faults are expected. Many minor slides may occur at
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vicinity of fractured faults zone  after impounding. Slopes covered
w1th bush will dehver fine materials sedimentation to the reservoir,

_ The powcr house is proposed at thc downstream dam toe of
r;ght ‘bank side . where underlying andesitic rocks covered with
alluvium. and | resxdual 'soil. - The degree of fracturing is intense due to
influence of. faulting actlon. S

'_‘The'm'ost sultable location for constructlon materials is the
diorite rock 2.3 km south west of damsite. The borrow area of sand
and gravel ocour on the flood plain which . is about 2 to 8 km
‘upstream from _damsue. Core_materlals will be supplied from the
residual soil of diorite. which develops in gentle topographic area.

N layan (2:6-1-4

'Nabab'a"l'ay'an scheme is pr'oposed as dam_' and reservoir type.
Approximately 161 m high rockfill dam is planned on the Abulog
river ‘in the Luzon Central Cordillera.

The proposed damsite: is situated on the narrow steep V-shaped
valley of the Apayao river about 14 km upstream of Bulu damsite.

The runnmg dlrectlon of Apayao river is shifted from north-
south to west-east dlrectlon at the confluence of Apayao river and
unnamed big _tnbutary about 6 km upstream of damsite.

The riverbed is covered with thick sand, gravels, cobbles and
boulders. Both abutments are covered with largely grassland and
- some forest occupied at steep slope. The riverbed of damsite lying at
an eievatlon of around 101 m above sea level is about 130 m wide.

| Geo’logxc structure in thls area trend generally northwest to
southeast direction. ‘The Kabugao fault is traceable along the Apayao
nver apart 2 km east for a distance 39 km. Named faults are as

descnbe_d for the Bulu scheme.
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The existi'ng geological maps show thdprbpésé‘d scheme site 520"_
be formed andesite, quartz-diorite, dacite,: agglomerate ‘which are
belong to Eocene and Ohgocene

The proposed damsﬁe is probabiy mtaated in the zone of Eocene‘
~ Licuan Formation II.  Geological- interpretation  of ‘aerial photograph -
indicates on lincament of northwestériy ‘orientation through' left
abutment of damsne ‘which may possibly. be fault. The licuan
Formatlon II exposed along the Apayao river is composed of
andesitic rock. Tt is probably hard to rather hard sllghtly weathered
and well jointed parually, strongly fractured | , |

The fractured and loosened permeable zone. is estimated at a
certain depth below surface at both abutments and underneath the
riverbed. The permeable zone must be sealed by grouting at the
base of dam center core.

Power house near barrio Nangsimbo on the lift bank of the
Apayao river are 1aid on the hard to . rather hard andes:te which
covered with river terrace deposats ()ne inferred fault runs parallel
to the river through power house site, but probably no serious
problems -are envisaged for the power: ‘house.

Reservoi; area of about 42.6 km2 seems to be underlain by
andesite and quartz diorite. = Seepage is to be expected at the several
fractured zones and faults. There is strong fractured ' zone and
landslide configuration at 2-6 km upstream of the damsite. It is
expected land slide and rock fall w;li occur at scarsely vegatated
slope after 1mp0undmg

The suitable construction materials are 1oéa_ted'. at the andesitic -
rock hill' 2 km northwest and rock fall in. the river:floor within 5 km-
from damsite. The most suitable location for sand and gravel is ‘the
river and terrace deposits within 2 km from damsite.” Residual soil of
andesitic rock suitable for earth material could be obtazned at 1 km
southeast of damsite. '



Dnbaaat (2- 6 L 51

- The leagat scheme is proposed as rockfﬂl dam and reservoir

type, and dam height of about 207 m have been considered at this
_"sne The proposed site is situated on the Apayao river about 26 km
upstream of the Nababalayan damsxte in the Kalinga-Apayao
Provmce

Regmnal geology at the site is almost similar to that of

Nababalayan scheme.  The existing geological maps and aerial
photographs show the damsite is underlain by dacite" of Oligocene,
andesite of Eocene Licuan-II Formation.
The leagat damsite is located at the V-shaped valley with thick
_-nver dep031ts on the sharp bend of the Apayao river. The right
abutment conmsts of damte, whereas “the left abutment conmsts of
: damte and- Eocene andes:te

These rocks consists - of prohably hard - to rather hard quality
w1th some joints and cracks ‘and exposes at the toe of abutment up to
the hlgh flood water level along the river.

The slope of nght bank is almost bare except at the lower
elevatlons The left abutment is still forested. The steep slopes of
rlght abutment are nearly free from any debris and stable. However,
there is a deep eroded gully at downstream side of left bank which
dehvers talus deposns to the Apayao river.

' Geological interpretation of aerial photograph -indicates faulted
lineament of northeasterly -orientation at behind of right abutment,
and it is traceable for a distance of 6 km reach to Kabugao active
fault. '

~ One blg scale- land slide configuration is found at the right bank
of Apayao river from 3 km downstream of damsite and its washout
almost. occupied the flood plain of the Apayao river, due to effect of
faulting zone. Both abutments of damsite are stable and suitable for
construction of rockfill dam without special foundation treatment.
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Power house is located at right bank side IWhe’i‘e stightly’
weathered hard to rather hard dacite crop out on rlver szde No
serious problems are seen geotechmcally '

Reservo:r area of about 444 km2 is underlam by ‘Eocene
andesite, Oligocene dacite, Miocene andesite and intrusive dlonte of '
Miocene. ' ' SR '

The reservoir slopes are  steep and almost sparsely vegetated,
they appear to be much sedimentation. -Several faults are recognized
within reservoir area. Seepage is to be expected from these fault
zome, however a large portion of the reservoir ‘area is 1mperv1ous

The su;table locauon for constructlon matenals are. rock fall
within river flood plam and the fresh. and hard dacmc rocks of left
abutment at 1 km upstream from damsite. ~ The most sultable
location for sand and gravel is the river and terrace deposus within
4-9 km downstream from damsite. Residual soil of quartz-diorite
suitable for earth material could be obtained at 3.5 km south-west of
damsite. ' ' C

Agbulu  (2-6-1-6)

The Agbulu scheme is proposed as about 180 m hzgh concrete
gravity dam and reservoir type. '

The proposed damsite is situated on the Apayao river about 8
km upstream of Dibagat damsite and 1.5 km.downstream from the
confluence of the Tabayagan and Apayao rivers in the Kalinga
Apayao Province.

The Apayao- river runs in a deeply cut canyon V-shaped,- and
left abutment of damsite is formed of thin ridge covered with',bush;'
The Logunao river joins the Apayao river at immediately
downstream of left abutment. The riverbed of damsite lying at an.
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elevauon of around 185 m above sea level is about 40 m wide,
covered thh thzck river deposits.

Reglonal geology of this scheme is -almost similar to that of
Nababalayan scheme.  The ex1stmg geological maps and aerial
photographs ‘show the scheme site to be formed of andesite of
Mxocene mabace Formation, dacite of Ohgocene Tmeg Formatmn,
ande31te of Eocene Llcuan Formatlon i1 and dxonte of Miocene
plutomc rock

| GeOlogwal: interpretation. of - aerial photograph indicates one

short -lineament = of = west-northwestly orientation through
1mmed1ate1y downstxeam of damsite, This lineament may be
connected with big slide scars which is located at left bank side of
the river. o B

, The damsxte geology is' underlain . by probably hard to very hard
_so_u'nd Miocene andesite. High permeability zone is expected at
shallow part of subsurface rock, because intensely jointed andesite
outcrops” on lower part.of both abutments. There is mno serious
problem on dam foundation, however medium scale curtain and
consolidation grout and rather deep excavation are necessary.

Power house site is proposed at left bank of the Apayao river
immediately upstream - of the confluence of the Apayao and Lagunao
rivers. ~ Proposed power house site is also underlam by sound
Mxocene ande31te covered with resulual soil. -

Reservoir area is about 37.7 km2. In general the reservoir
would - be  underlain by Miocene andesite and intruded sand and
gravel. - The higher elevation. of reservoir slope are covered with
sparsely vegetated and grass land. It would be happened rock slides
or soil shps after impounding and probably rate of silting in the
reservoir is rather high value. The seepage problem of reservoir
area would be remote except fractured zone.

'The _' most suitable location for concrete aggregate materials is to
be fresh Eocene andesite mountain within 5 km downstream from
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damsite "Borrow area of sand and gravel is proposed at ﬁood plam 1f
to 3 km -upstream from damsite.

SRR

Apayao scheme is. proposed as a run of-mver type, compnsmg 6
m h:tgh 1ntake weir, 8295 m water way tunnel and power house .
Intake weir is situated on the Apayao river about 36 km upstream of

Agbulu scheme and 4 km north-northeast of ‘M. Magsmglt (1175 m).
Approximately 100 m of head is taken w1th about 8. km long tunnel

Aceordmg to the emstmg geolog1cal maps, reglonal geology
consists of metaphonsed spilites and basalt (Cretaceous-Paleogene)(
intruded quartz diorite and diorite wh:ch belongs to be NeOgene_'
Limestone (probably  equivalents to No. 2 Formation) overlies on
these metavolcanics. : ERUEE

Geologic structures trend approxzmately south to east or
northeast to southwest Antlchne axis is iocated about 3 km east of
intake site, and also sycline axts is 1ocated west 31de

Intake weir site which is formed V- -shaped valley by quar’tz-;:
diorite and diorite is sitvated about 5 km downstream barrio;
Slongsang.  Quartz- dionte intrudes into metavolcamcs One fault
occurs_'apart I km to southeast of weir site. Basement rock of mtake :
weir site is hard and indurated, 'however, shall_ow part is to be
weathered and highly permeable. Both abutments have rather thick
weathered zone at high elevation. Riverbed covered ‘with boulder
and gravel forms rapid. = There is no geologic hazards for the weir
foundation. - :

Power house is proposed at an altltude of 300m on left bank of
the Apayao river 1 km downstream from confluence of the Apayao
and the Aoan rivers. This site is probably underlain by very hard
spilite and basalt covered with. terrace deposits. .- The Apayao river
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be_nds -at this point, Water way tunnel of about 8 km long connects
intake  weir: site and- power house site.

Inlet site of Water way tunnel is underlain by quartz diorite,
and outlet site is underlain by metavolcanics rocks. Both rocks are
hard ahd' enough"'Strength to excavation work. However, middle part
of water way tunnei passes underneath deeply cut on the slope very
thm overburden, ‘and also intersects dragonaliy the fault which is
probably fractured There, full support will be necessary for tunnel
excavatlon |

The suitable location for rock materials is the quartz diorite
mountam area from 1,5 km south of damsite. Borrow area of sand
and gravel 1s proposed at around 5 km upstream rlverbed from
mtake welr

Basao_(2-8-3-3)

The Basao scheme is proposed as a dam and reservoir type.
Constructron of rockfill type dam, approximately. 177 m high and 856
m long at the crest is planned on the Chico river about 38 km
downstream of Bontoc and near barrio Basaso, The Chico river basin
is located on the center part of Luzon Central Cordillera which is

un_derlarn__by Cretaceous to Paleocene metavolcanics. Major fold and
fault-’tre’ndd'in this area generally trend northeast to southeast,

Accordmg to geologtcal map of the 'Northeast Luzon (JICA-
| MMATI, Aug. 1981) the proposed site consists of basalt and
agglomerate of Miocene Licuan Formation. Fault zones and small
shear planes occur frequently in the area of both valley flanks. The
proposed damsrte is situated at 5 km downstream from confluence of
~ the Chtco river and the Makilo Creek at 2 km northeast of barrio
Basao. - The proposed dam axis is located at 400 m upstream from the
Chico  No. 3 site.  According to the Pre- Feasibility study (1973,
Lahmeyer International), the damsite area is composed of hard and
~indurated rock.

1-25



‘The Chico river forms a deep V- shape. valley 'a'r'o‘und:”thef
damsite. Bed rock of damsite is -underlain by massive basalt’ whloh is
hard to very hard and loosened in the upper layer: of the qlope
Slides W1ll occur at where the slope is oversteep In the rlverbed
there are 4 to 6m thick layer of sandy grave, Tock fall and huge bloeki
" rock. Terrace deposxts exist mamly Jower part of both abutments"
which are composed of sandy gravel and boulder Small scale loamy'
slope deposits occur on the right abutment slope of downstream site,
 The permeab:llty of both dam abutmeiits are probably rather hlgh-
due to wide distribution of rather deeper loosened -rock. Thefefore
large volume of grouting is to be required, - '

Power  house site is proposed at right bank of the Chlco nver“'
1mmed1ately upstream of the confluence of the Chico river and small:’ru
creek. The site is probably underlain by hard basaltic agglomerate
covered with thick terrace deposits and stony loam. Therefore large
volume of excavation is to be required. These-deposits, similar to the
recent river deposits are distributed at various height of downstream-
of damsite. Probably basementrock is locally sheared by the fault.

Reservoir area is about 5.4 km2 in case of dam crest elevation is -
672 m, and is underlain by basalt and agglomerate of Miocene Licuan
Formation. Most upstream of the reservoir is reached to power-'-
house site of Sadanga scheme. ' e -

Basao  reservoir seems to be watertight and. stable except
vicinity of assumed fault at the right bank of the Chico river. ' Locally
several rock slidings w1ll happen after 1mpound1ng -

The most su1table rock matenal is - located at 700 m. west. - of _
damsite which is composed of fresh and h_ard basalt and agglomerate,_
Proposed sand and gravel borrow area is the flood plain and'river
terrace of the Chico river which is situated at 1-2 km downstream;
from damsite. Earth materials is expected to resxdual soil of basalt .
and agglomerate which is located at 3.5 km southwest of damsxte
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CthO IR (2 8 3 41

Chxco 1R scheme is proposed in the Chico river basin as a run-
_ of—-nver type, consxsts of 7 m high concrete intake weir, 3 km long
water way tunnel and power house, with a head of 60 m between
headwatcr and taﬂwater

Intake wexr (EL. 617 m) is suuated at 300 m downstream from
confluence of the CthO river and the Malanas creek. ~ The water way
tuntiel route is s1tuated at nght bank of the Chico river. The power
house is sxtuated at about 500 m southwest of barrio Bugnay

" The Chico river basin is located on the center part of Luzon
Central Cordillera which is underlain by Cretaceous to Paleogene
metavolcanics, where major fold and fault trends in this area
‘generally trend northeast to southwest.

- According to -Geological Map of the Northwestern Luzon in scale
of *'1/250,000 (JICA-MMAJ, Sep. 1981), the proposed scheme site
consists ‘of basalt and conglomerate of Miocene Licuan Formation.

. The Chico river which is covered with talus deposits at the toe
of the valley slopes forms V-shaped valley around the intake weir
site. The Chico-1R intake weir site would be underlain by hard to
very hard basalt and agglomerate and locally slightly to moderately
weathered. Therefore, no special treatment of dam foundation is
required.

_ The 'regulation reservoir of intake weir is underlain by basalt
and agglomerate of Eocene, which are estimated to be impervious.
Mino'r' permeable’ zone may 'exist only at fractured fault zone.

Landsllde scars are scarce Sso . that reservoir slopes are to be
stable The water way tunnel route would be driven through hard
and .sound ‘basalt and agglomerate of Eocene Licuan Formation. The
fault trend northeast to southwest exist parallel to the tunnel route
apart about 2 km. Special excavation conditions are not to be



expected, except intensely fractured rock zone where fuli support
must be cons;dered

The power _house for C_hio'o-'lR' \'a:/i'lrl'.b:e fouh'ded- on fr'esh s'otmd
Miocene basalt and agglomerate. No serious geologxc hazards are,
estimated for the power house foundation. '

The most suttable concrete aggregate is located at 15 km
_northeast of intake weir site - whlch 1s ‘probably composed of fresh_
and hard basalt agglomerate Proposed sand and gravel borrow area ‘
is situated at 5-8 km upstream within flood plain and river terrace'
of the Chico river,

Sadanga. (2-8-3-5)

. Sadanga scheme is proposed ‘as a rockfill dam and reservoir
type on the Chico river. The proposed dam has a height of
approximately 228 'm and a crest length of about 463 m. :

Pmposed scheme is Iocated on the Chico nver at 16 km
downstream of Bontoc (capital city of Mt. Provmce) in the Luzon
Central Cordtllera | ' '

Regio'nai geology of this seheme.is similar to that of Chico-1R
scheme, that is, Cretaceous to Paleogene metavolcanics and Neogene
intrusive rocks. '

The existing geological maps show the scheme site is. largely
formed of Eocene Licuan Pormatlon and intruded by Neogene grano- -
diorite and dacitic to andes1t1c Quaternary volcanics vicinity of
Bontoc. Several faults extst in the: scheme site with general trend of
northeast to southwest. = S

Accordmg to the geological map of Sadanga in scale of 1/5000
(NPC-Lahmeyer International; Chico river feasibility study report,
1973), proposed damsite is underlain by fresh slightly jointed basalt.



and 'ééglomerate One N-S trend wide fractured fault zone appears

' '_ on left bank of the Chzco river at 500 m west of damsite,

L At the dam51te the Chlco Tiver flows southeast to northwest in a
V- shaped valley. There is scarely deposits on the riverbed. The
slope of dam abutments is covered with thin residual soil or talus
| de’prit’“s : Wéathe’riﬁg of ‘the bed rock is very thin at right abutment,
At the left abutment weathered zone is rather thick and locally

reaches to 10 m in depth ' -

_ Con31dermg the geotechmcal and topographlcal eondltmn at the
damsxte, concrete gravity dam would be suitable. Because,
foundation rock would consists of fresh and hard sound basalt and
_agglomerate, and may be expected as watert1ght

. Pewer house site is pr0posed at right bank on a sequence of
hard and sheet jointed basalt and conglomerate which is covered
with residual soil and talus. No serious geological problem is seen.

,_,__Re'serveir-rarea of about-13.5 km2 is underlain by agglomerate
and basalt’ of Miocene Licuan Formation. Upper reservoir is to reach
to barric ‘Tucucon about 4 km downstream of Bontoc. Sadanga
reservoir seems to be watertight and stable except vicinity of
assumed fault at the right bank of the Cluco river, where several
_shdmgs will happen after 1mp0und1ng

Quarry site producmc crushed rock from fresh and indurated
basalt and agglomerate, would be located at 3 km south of the
damsx,te Sand gravel, suitable for rock fill filter, would be located in
the nverbed within 2 km of the damsite. Earth materials is expected
to residual ‘soil of basalt and agglomerate which is located at 3.5 km
southeast of damsite. '

Chico-2R (2-8-3-6)



- Chico-2R . scheme is proposed as a. run-of-river . type.
Construction of about 6 rrr high and 74 m wrdth concrete intake. weir-
is planned on the Chico river. Approximately 115 m head is taken
with 6 km long water. way tunnel through left bank of “the Chico
river. . _ o . it

“The proposed mtake srte (El 773 m) is .located at 400 m .
upstream from barrro Tucuan where is confluence . of the Tahrbm and
the Chico rivers in the Mt. Province. The ‘power house is located:. at
about 3.5 km downstream of conﬂuence of the Brtuagan croek and
the Chico river. ' - :

Accordlng to geologrcal map of the Northwestern Luzon in scale
of 1/250,000 (JICA-MMAIJ, Sep. 1981), the proposed scheme is in the
Eocene Licuan Formation in LUzon Central Cordrllera

Intake weir site is covered wrth thin resrdual 3011 and some
talus deposits. . River deposzts are found at lrmrted area and its.
thickness is unknown. Bed rock of intake wexr site is to be underlain
by hard to very hard basalt and agglomerate. These rocks are’ “locally
weathered and jointed. Watertightness of bed rock is to be generally-
good except fractured’' and weathered zone. There are no major
faults to affect the stability of the intake weir. | |

Rock quality of water way tunnel route which .is 'under_lain by
basalt and agglomerate, is probably fresh and compacted, However
in the outlet area of water tunnel, full supporting works will be
required, as the rock is fractured and brrttlcd due to fault '

Power house site is proposed at left bank of the Chrco Tiver near,,_
Bagwang Gate House. Hard but fractured basalt and _agglome_rate_ of -
Eocene may exist at the power house site. It is assumed some special .
treatment for power house foundation is necessary on the basement
rock.

Regulating reservoir area has no major fractured faults, and also
flanks of reservoir area is stable. Therefore, there is no problem
geotechnically and hydrologically. '



_ ‘The 'muost. -suitable concrete aggregate is located at within 2 km
_east from 1ntake weir site which is underlain by fresh indurated
basalt. _Px_'opo_s_ed: sand and gravel borrow area is located at onm the
flood plain of Bontoc, 4-6 km upstream from damsite.

Chic"o'-SR (2:8:3-7)

Ch:co 3R is proposed as a run-of-river type, consisting of about
6 m hlgh and 79 m width concrete intake weir at 2 km downstream
of Bontoc in Mt. Province. Apprommately 78 m head is taken with 4
km 1ong water tunnel, through right bank of the Chico river.

Power house is proposed at 1mmed1ately west side of confluence
~of - the ‘Chico’ and Talubin rivers which is located at 500m east of
-mtake wezr 51te of Chico-2R" scheme '

Reglonai - geology is similar to that of Sadanga schcmc. Bed rock
of this scheme is underlain by Eocene Licuan Formation which have
been intruded by Neogene Grano diorite and quaternary volcanics.

- Bed rock of intake weir is inferred to be underlain by very hard

intrusive 'gr_’anodioﬂte and locally slightly weathered. Toe of both
abutments  of intake ~weir site is covered with talus deposits, and at
uppcf part of abutments is underlain by rather thick residual soil.
Riverbed is filled with b1g boulder and sand, the thickness of these
sed:mcnts 1$ unknown

Watert:ghtness of regulating reservoir may be generally good
except fractured -and wcathered ZOne,

:The water way tunnel passes two kinds of rocks. Former is
.grano-diorite which is situated within 700 m from intake weir, and
the other jar_ea:"is'f-occupied by basalt and agglomerate of Eocene
Licuan Formation,
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" Tunnel supporting is minimized except""g'eologie"'e'ontaot'du'e to
indurated and fresh rock quahty, and also overburden s enough'
thickness for tunnel excavatton :

Bed rock of power house site seems to be underlain by hard to .
very hard and slightly weathered basalt or agglomerate which is
covered with thin residual soil and talus deposxts - No specml-
foundation treatment is required. -

The floor of reg’uhting resetvoir s probabiy underlain by -
grano-diorite. covered by. thick ﬂood plain and veservoir slope to be
appeared stable Then, no spectal treatment 1s needed

The quarry ‘site for concrete coarse aggregate - is proposed at
within 2.5 km east of from intake weir site. . Fme aggregate .
consisting of sand and gravel is also expected to be obtamed within 1
km upstream from damsite within ﬂood plam of the Chxco rwer '

Chico-4R - (2-8-3-8)

The Chico-4R scheme is proposed as a run-of-river type. About
6 m high and 71 m width concrete intake weir -is planned om the.
Chico river at barrio' Gonogon 14 km upstream from Bontoe, capital
city of Mt. Province, in the Luzon Central Cordtilera '

The water way tunnel passes from the rtght bank of the CthO
river to the left bank of the_ Gufyon river., About 75 m head is taken
with 6.6 km long straight water way tunnel. ~The power house site is
located at left bank of the Gufyen nver 1. 5 km upstream of ]unetton
of the Gufyon and the CthO rivers.

Regional geology is almost same to ‘that of Sadanga scheme, that -
is, basalt and andesite of ‘Eocene Licuan Formatton, . dacite  of-
Oligocene Tineg Formation and glanodlorlte whtch is - intrusive the
Licuan and Tineg Formation. Geologic structure of this area is
controlled by NS trending. '



.. Topographically, intake weir site is open V-shaped and
- abutment -is covered with rocky residual soil and loamy slope talus.
Riverbed “is composed of exposed bed rock with covered by small
amounts of sand and gravel. Bed rock of intake weir site is underlain
by ';daoitic rock ‘of Tineg Formation at left bank and riverbed, and
basaltic or, 'andesitic rock of Licuan Formation occurred at right bank.

The geologlc contact - of both formatlon is near mtake site at
right nver "bank of the Chico river. Rock quallty of bed rock is
probably hard and enough strength for construction of concrete weir
except geologlc contact zone. Therefore, there is no special treatment
needed. . '

Water way tunnel extends from weir site to northeast dlrectlon
The bed ‘rock at inlet area and the most part of tunnel route is
_undeﬂam by fresh and compacted basalt and agglomerate The last
1 km of tunnel route is underlain. by grano-diorite.  Geologic
structurally, assumed fault diagonally intersect the tunnel at 2.5 km
point. from outlet. This area is necessary to full support durmg the
excavation, of tunnel

"The'power house  is located at 'left bank site of the Gufyon river
which is probably underlain by hard grano -diorite covered with
residual soil and talus deposits and partly weathered There is no
specsal treatment necessary.

Regulatton reservoir area is underlam by dac1ttc pyroclastic flow
'and !ava which is covered with river ‘deposits, terrace deposits and
talus deposus Permeabzhty of bed rock is low and watertight. No
major fault passes within the regulatton reservoir. The regulation
reservoir siopes are assumed to be stable due to no evidence of land
shdes.

The quarry s:te for concrete aggtegate is proposed at 1 km east
| of'damsxte which is composed of fresh and indurated basalt, andesite
and agglomerate of Eocene Licuan Formatlon Excavation cuttings is
'also expected to be from tunnel.  Fine aggregate is also expected to
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