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GL: GEOLOGY
SUMMARY

The Agno River Dasin is generally divided into the following -three
physiographic provinces, - ‘ ' o
“ =  Southern Cordillera Mountains {(Northeastern mountainous area)

~ Central Luzon Plain

o= ‘Zambales Mountains (Southwestern mountainous area)

The -Agno River. basin-is underlain by sedimentary rocks, volcanic rocks,
intrusive rocks, metasediments and metavolcanics, and its geological ages

are from Juraséic to Quaternary. The geological map of the Agno River

“-basin is presented in 'Fig. 2.1.

Six -fdentified ~damsites of San ' Roque, Lower Ambayoéﬁ; Lower O'Donnell,

- Balog-Balog), Moriones and Camiling are studied from the viewpoirt of site

.::geology, enginéering geology, construction 'materials and asséssments.

I T B L N e T T A st
The most problem of proposed damsités-is water leskage' by Fault zone. The
San Roque and Balog-Balog damsites, which the feasibility study was
"completed’ by ELC, -are considered to:have mno problem of water leakage by

fault or-shear fracture zone, because clay materials constituté impervious

'%zone@;:Usuallyvthe:fault.20newhas.a problem of ‘water - leakapge,so it 1is

-difficult -to consider the fault zone' to- be-impervious zone. Therefore,

"+ further -investigations -for characteristics of faults are required ‘before

(5).

design and construction. - Damsites :such ..as -the Lower Ambayoan, Lower

0'Donnell, Moriones and Camiling, are recommended for a geological

investigation for rock-stability and faults,

The most major problém in the reservoir is water leakage from low ridges.

:These'problems‘occuted'in the Lower O’'Donnell and Moriones reservoirs. An

open low divide which is located between Moriones reservoir and Lower

- O’Donnell“feservoir,_iS'no problem if two damsites are constructed, but a

big sub-dam will.be-rBQuired if only one damsite is adopted. Another low

‘ridges in succession of damsite’s ridges are located 'in the both damsites,

At least five sub-dams in the Moriones reservoir, ‘and two sub-dams in the

'Lower'o'boﬁneil damsite, are required. The other reservolrs probably have

no problem of water leakage, because rocks in each reservoir are

-GL.81~



(6)

{7}

(8)

(%)

considered to be watertightness..

Landslides are identified in the Camiling and Lower Ambayoan reservoirs.by
study of aerial photographs. The Camiling damsite area especially has
many obvious and less obvious landslides, and some Lower part of them are
under water of reservoir. The landslides will occur to slip, because
water perméate into landslide masses. Effective countermeasure for
landelides is piling works, but it may' be difficult from economical
viewpoint. One minor landslide is situated in the left bank of the Lower
Ambayoan reservoir, and solld removal work for upper part of 1andslidé

mass is required for preventive measures.

The Pangasinan Plain is roughly divided into two landscapes, one of which

is coastal and the other is alluﬁial. Coastal landscape is divided into
four -items, that are active tidal f£lat, old tidal flat, bheach ridgeé and
beach lines. Within this four items old tidal flat is not distributed in
the STUDY area. . Three other iteme are distributed in the northwestern
area of the Pangasinan Plain, near the Lingayen Gulf. The Landform map of

the Pangasinan Plain is shown in Fig. 4.1.

The proposed dike along the Agnb:River, dovmstream from Wawa, will be
constructed on_thé surface of mainly broad alluvial plain. They are
composed of silt with sand and'organic clay, ﬁhérefore, somewhat problem
of consolidation settlement will occur in certain area. The foundation'of
dike in fish pond area at the mouth of the Agno River consists' of sandy

materials, that may cause quicksand or piping actions. .

The granular materisl that consists of. sand and gravel with a negligible

content of fines is considered not suitable for dike construction. VIn'

order to get well graded soil materials blend of cleyey soils from broad

{10}

alluvial plain and sandy materials from river terraces will be necessary.

Materials from hilly areas, which are weathered sedimentary rock and
terrace deposits are suitable for-cohstructioanaterials-e;cept tuffaceous
materials., If the ultramefic rocks atfthg‘footadf_the Zambales mbdntgins

are deeply weathered, these may be suitable for dike construction.

~GL.52-
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1. . PHYSIOGRAPHY

1.1 General Statement

The DPhilippines is an archipelago of more than seven thousands of islands
and islets. . The Luzon Island is the biggest:-island .and situated in the
northwestern part of the Philippines. The Agno River basin, the STUDY area, is

located :.in northern part of the Central Luzon.

.. The Agno :River basin-is genérally :divided into three physiographic
provinces. First one -is the northeastern: mountainous area. This area is the
southern: part of the :Cordillera Central Mountains, that. is the northwestern

mountainous ridge of the Luzon Island.

The second 1is the Central ‘area which is postly. plain.area. This
area is called the Centfal'Luzon Plain that opens into Lingayen Gulf on the
north: and Manila Bay on the. south. The:STUDY;area\is.fthe-n@rthern»part,of the
Central:-Luzon  Plain, which1i513eparatéd.ﬂith 8 low.-divide. in- :northeast.of

Tarlac..

. The third.is .the southwestern mountainous area. :This:area is called the
Zambales Range, most western part of the Luzon.Island. . The -STUDY-area -is the,
northeastern area of the Zambales Range.

. Physiographic provinces of the STUDY area are summarigzed as follows:

- Southern Ccrdillera'Mountgins (Northeastern mountainous area)

~ Central Luzon- Plain
~ Zambales Mountains (Southwestern mountainous area)
These provinces are shown in Fig.1.1.

1.2 Physiography of Each Province

1.2.1 Southern Cordillera Mountains

The Southern Cdrdiller&zﬂquntains ‘is - generally. composed of mountains

"'GL ] 1_A



ranging in altitude from 70 to about 2,900 meters. The highest'pehk'in"the
Basin is Mt. Pulag (2,929 m in height), and also in the Luzon Island. Mount
Pulag is situated in near the easfern_ridge, 22 kilometers northeast of the
Ambuklao Dam. The slope of mountain side in the Basin is steep to very steep,

and average degree is about 30° to 45°,

" The - Agno River has a.biggest basin in the central area of this. province.
The Agno River flows almost southward; assembling many -tributaries Ehat flow
westward and eastward.  The Ambayoan River, omne of big tributaries, flows -
alpost southward in the eastern area. The other rivers. called allied rivers
flow southward or- southwestward in the west of the Agno River, The Tuboy
River, one of allied rivers, has a basin nearby the Agno Rivér. The Bued-River
also one of allied rivers, heads. in thefvicinity'of Paguio City and flows

southwestward in the western area.
1.2.2 Central Luzon’Plain

The - Central Lugzon Plain of the Basin is ﬁidespread plain, withﬂléngth'and
width of about 60 kilometers. This area is mostly composed of plains ranging in
‘altitude from 0 to about 100 meters, and pgrﬁly of hills and small mountains
ranging in altitude from 30 to 380 meters, These small mountains are Mounts
Amorong, Balungao, Bangcay and Cuyapo. Hills are located in eastern area of

Malasiqui and western area of the Tarlac River.

The Agno River in this province flows southward in the vicinity of Tayug,
and turns southwestward to almost center of the Central: Luzon Plain.. ﬁftefﬁard
the Agno joins the Tarlac River that flows north to northwestward, and turns
northwestward in the vicinity of ¥Wawa. The Agno meanders iﬁ the hlain

assembling the tributaries, and at last flows into the Lingayen Gulf.

A back swamp, called Poponto Swamp, is situated mnear the confluence of

the Agno River and the Tarlac River.
1.2.3 Zambales Mountains
The Zambales Mountains is situated the northeastern aresa of-the‘Zambales

Range that mainly extends from Lingayen Gulf 6n'th§ north to Bataan Pepinsula

on ‘the south. This area is composed of mountains and hills ranging in altitude

-GL. 2~



from 20 to about 1,700 meters, The slope of this area is less steep than that
of the Southern Cordillera Mountains. The highest peak is Mt., Pinatubs (1,745
w) that stands at the most southern edge of the Basin. And there are some

spall volcanic cones at several places in the foot of mountains.

" The tributaries of this area, are the 0'Donnell, Moriones, Camiling, Olo,
and Bayaoas River etc., flow eastward or northeastward into the Agno River
except two former rivers. The OG’Donnell River, the source of which from
Mt.Pinatubo, flows north to northeastward, joining Moriones River that flows
eastward at 4 Kkilometers southwest of Tarlac, therefore, becomes the Tarlac

River.-
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2. GEOLOGY OF THE BASIN

2.1 Genéral Statement

.- The stratigraphy of the north Luzon Island “included the Agno River basin
is shown in Table 2.1. And the geological map of the Basin is shown in Fig.
2'1‘ s ’ . ’

The . Agno River basin - is underlain by sedimentary rocks, volcanic rocks,
intrusive rocks, metasediments and metavolcanics, and its geological ages: are’
from Jurassic to Quaternary. '

2.2 Geology of Each Province
Geology of each physiographic province is mentioned hereinafter.

2.2.1 Southern Cordillera Mountains

This province is mainly underlain by sedimentary rocks, metasediments,

metavolcanics and intermediate to acid igneous intrusive rocks.

Sedimentary rocks

Sedimentary rocks, named Zigzag Formation, Kennon Formation, Klondyke
Formation, and Rosario Formation in decreasing order of geological age,

are identified in this province.

The Zigzag Formation is typically exposed in the upper Bued River GCanyon.
1t consists of massive and well compacted conglomerate, volcanic flows and
wackes,tuffaceous shale with interbeds of tuff and ‘pyroclastics, The

formation is of Early to Middle Miocene age.
The Kennon Formation is named to the Kennon Limestone and “Twin Peaks
Sandstone that exposed along the Kennon Road, its type locality at Bued

Canyon. Both members are of Middle'Miocehe age.

The Klondyke Formation is exposed in the southweStern_.part of this

province, typely along the Naguilian Road that extends to the weét from
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Baguio City. This Formation mainly consists of thick and.  poor. sorted
conglomerate, pebble and cobble of which are mainly of diorite and
andesite. . Conglomeraite is freguently associated, with thin interbeds of
‘tuffaceous wacke, claystone and siltstone. The Formation is of Late

Miccene age.

‘The RosariO'Formation, named for the roeks in the vicinity of Rosario and
La Union, is an alternation of brown sandstone, shale and siltstone with
minor tuff, sandy limestone and pebble conglomerate, This Formation is of

Pliocene to Early Pleistocene age.

. Licuan :Group, Tineg Formation and Awiden Mesa. Formation are not

distributéd in the Agno River Basin.

' Volcanic rocks

. The Zigzag Formation .amd  the klondyke Fonmation_.conta;n .not. only
sedimentary . rocks. -but - also volcanic rocks. The . former, -exposed in the
vicinity of Acops Place and Camp . 3, mainly. consists of. andesitic volcanic
rocks. The latter,exposed in Mt.S5to.Tomas and Baguio City area, consists

- of lavas with pyroclastics. . @ . Lo e

s intrusive: rocks -

-The Agno Batholith. is - exposed along the Agno River, trending morth-south
across the eastern half of Baguio district, It consists of diorite,
granodiorite and quartz diorite. The intrusion period of quartz diorite as

indicated by K-Ar dating is 18 ‘million- years or Early Miocene.

Metamorphic rocks
"The. ﬁetamdrphic”rocks in ‘the Baguioc Mineral District are named

Dalupirip Schist. This formation is méiniy composed of schists trending
northwest extending from Ambalanga - Liang River on the north to San
‘Nicolas along the Agno River. These schists are apparentlj of - sedimentary
parentage, and considered to be the oldest rock type :in the Agno River

Basin, maybe of Eocene to Cretaceous or Jurassic age.
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2.2.2 . Central Luzon Plain

This province is underlain by sediments, sedimentary rocks and volcanic

rocks.

Sedimentary vocks and sediments

The Aksitero Formation, the basement in the western Central Luzon Plain,
consists of an interbedded sequence of sandstone, shale, conglomerate and

‘minor limestone. This Formation is of Late Eocene to Early .Qligocene.

The Moriones Formation consists of yellowish‘brown sandstone, sandy shale
and conglomerate, whose type locality is the vicinity of Moriones. This

Formation is of Early to Middle Miocene age.

~ The Malinta Formation consists of principally sandstone in the vicinity of
Barrio Marinta, Tarlac, This Formation can be traced from - O'Domnell
“River on the south to about 3.5 kilometers southwest of Sta.Ignacia. This

Formation is of Late Middle Miocene age.

The Tarlac Formation comsists of interbedded sequence of shale, sandstone
and lenticular pebble conglomerate in the vicinity of Tarlac Town. “The
Tarlac is the most widespread formation that stretches from  0’Donmell
‘River on the south to Camiling town, age of which is Late. Miocene to

‘Pliocene,

The Sansotero Limestone is named for the limestone that crops out
irregularly and disconnectedly in Sansotero,Bigbiga,Mayantoc, and Tarlac.
The limestone is massive and porous with imclusions of volcanic and

sedimentary rocks. The Sansotero is of Plioccene to Pleistocene age.
The Bamban Formation consists of tuffaceous sandstone and conglomerate and
well  bedded ' lapilli tuff,. typically exposed in Bamban; Tarlac, The

Bamban ‘is of Pleistocene age.

Most of plain is underlain by Quaterhary alluvial deposits, composed of

sand, gravel, silt and clay.
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Yolcanie rocks

Quaternary volcances are Mts, Amorong, Balungao,Bangcay and Cuyapo,
occupying the southeastern part of Pangasinan. These volcanic rocks
consists of basalt, andesite and dacite which belongs to the calc-alkali

rock suite.
2,2.3 Zambales Mountains

This province is underlain by mainly intrusive rocks and less sedimentary

rocks and volcanic rocks.

Sedimentary rocks

The Aksitero Formation consists of limestone and clastic sediments,
mainly tuffaceous sandy shale, This Formation is exposed along the
Aksitero River in the vicinity of " Bighbiga, eastern foothills of Zambales

Mountains. The Aksitero is of Late Eocene to Early Oligocene age.

The Zambales_Formation and the Sta.Cruz Formation, that are of Middle to
Late Miocene: age, are exposed in the western part of the Zambales

Mountain ridge and not included in the investigation area.

Terrace gravel is identified capping ridges in Zambales and western

Pangasinan.

Yolcanic roéks

The. Zambales Ophiolite consists of massive, spilitic and cherty basalt

and basalt rubble breccia, distributed along the Moriones and Camiling

River in Tgriac. This Ophiolite is the base of the Aksitero Formation
“that is dated Late Eocene to Oligocene, therefore, the age of which-is

probably Eocene.

In the eastern flank of the Zambales Mountains, the older sedimentary
rocks, especially . the Moriones Formation are intruded by volcanic plugs
aﬁd dykes. These volcanic rocks are mainly andesite and dacite and minor
‘rhyodacite. Volcanism' could have started from the Middle Miocene and

conti'nUed ‘through the Quaternary.
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Quaternary volcanic rock surrounding Mt. Pinatubo belongs to - .the scalc-
~alkalic series, that are andesite, dacite and basalt. The age of the

rock by chemical analysis data is ‘1.1 & 0.09 million years.

Intrusive rocks

Intrugive rocks are divided into two rock series as follows:

JAcidic to intermediate rocks A diorite complex called Balog—Balog

Diorite, is a dyke system intrusive into the gabbro -and diabase dyke
~ swarms of the ophiolite suite. The complex consists. of - diorite,

quartz diorite and pegmatite etc. The intrusiom age is considered

to be Oligocene,

. ..Basig to ultrsbasic rocks - The peridotite -r'gabbro_associations,
.called: the Zambales Ultramafics, consists of mainlylpefidotite,
‘dunite .and layered. gabbro. -Peridotite .and dumnite are generally
‘serpentinized. These ultramafics are base rock of the Zambales

. Range, widespread in: .an .area of .2,700 -square.:kilometers, and

. considered to be of Cretaceous to Early Ebcene;age.~
2.3 Geologic Structure
2.3.1 Faults

Major faults of the Philippine Island are shown in Fig.'2.3‘,as crﬁstal

fractures. .

The Philippine _Fault is - the greatestﬂtranSGurrent'féult in the
Philippines. - It is traceable for About-l,ZOO kilometers, originating Lingayen
Gulf on the north, thence along the south border of the -Luzon :Central
Cordillera, Polillo Strait and at last into Davao Gulf on the south. According
to the study of the Philippine Fault, present movement is confirmed to be left-

lateral, displacing Neogene rocks for.-at most 8 kilometers. -

The Bangui Fault in northwest Luzom, is undoubtedly a major  transcurrent
fault. And Digdig Fault is traceable further north to'joinithé-Bangui Fault
in the eastern flank of Luzon Central Cordillera, Both the Bangui and the

Philippine Faults die out after they intersect the Digdig Fault. .
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2.3.2 Told

The major fold structure {patterns) is shown in Fig. 2.4. The folds may

be classified into three distinct sets as follows;

- a NW -~ SE set
- -a. NE - SW set

- alN-8 set

The classification of fold in the Agno River Basin is a N-§ set. The
folds included in N-S set are found in the whole northern Luzon from Latitude
149N up.: The folds in the La Union-Ilocos area consist of a series of parallel

synclines and antic¢lines covering the western. flank of the Luzon. Central

Cordillera.
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3. GEQLOGY OF PROPOSED DAMS

3.1 Geology of Each Damsite

.8ix proposed damsites, excluding two existing dams, are screened by Dam
and Retarding Basin study. These damsites are San Roque, Lower Ambayoan, Lower
0’Donnell, Balog-Balog, Moriones and Camiling. All damsites are under planning

stage except Balog-Balog that is under construction.

Geological description of each damsite, concerning site geology,
engineering geology, construction materials ‘and assessment, are described
hereinafter; geclogical map and geological data of each damsite is shown at ‘the

end of the text.

2.1,1 San Roque Damsite
(1} General description

The San Rogue damsite is located on the Agno River about nine kilometers
porth of San Manuel, Pangasinan., Access to the damsite from San Manuel is by

6.5 kilometers of unpaved gravel road and 2.5 .kilometers of foot trail,

Feasibility study of the San Rogue Project has beeﬁ-prepared by
Electroconsult (ELC) in August 1981, '

{2) 8ite geoclogy

The geological map (1:50,000 in scale) and geological data of the San

Roque damsite are shown in Fig. 3.1 and Table 3.1.

Physiography ‘
The San Rogque damsite is located in the southern piedmont of the -

Cordillera Mountains. The damsite is situated in the Agno River Valley
just before the river fans flow .out to the northeastern edge of the

Pangasinan Plain.
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The mountain slope shows sieep to very steep degree, and steeper in the
riverbed Side.r The trend of mountain ridge shows irregular shape. The
Agno River meanders in steep mountainous area drawing a large arc, and

flows southward on the whole.,

Stratigraphy_and Lithology
The four lithologic units have been grouped by ELC. The stratigraphic

sequence at.the site is listed below in order of decreasing age, followed

by a lithologic des¢ription of these four units.

- Jurassic to Eocene : Metavolcanics-Metasediments

- Oligocene or Early Miocene : Diorite Complex

- Late Miocene : : Coﬁglomerate
- - Recent : Alluvium, Debris
.Metavolcanics-Metasediments The oldest rocks in the Agno river

‘basin called Pulupirip Schist, are fine to medium grained
metavolcanics and metasedimentary formations. These rocks are found
to be a rather limited extent on both left and right abutments of
damsite, considered to be erosional remnants of the rock formations

metamorphosed by the plutoniec intrusions.

Diorite Complex The diorite complex is the most extensive

- formation and underlies the dam foundation, abutments and most of the
reservoir area, - This complex consists of granodiorite,
guartzdiorite, and related andesite-dacite porphyries. Andesite~
dacite porphyries are sporadically distributed along the borders of
the plUtdn, such as a small section on the right bank downstream of

.the proposed spilliway.

.Conglomerate The downstream of the proposed damsite is underlain
by a.thick sequence of cbnglomerate with thin lenses of interbedded
sandstone and shale. The conglomerate compared with the Klondyke
Formation, is generally poorly sorted pebble to boulder .of diorite,
VandESite, limestone and &ltefed volecanic rock fragments with an

.arkosic sandy matrix,

.Alluvium, Debris The "zlluvium in the river channel consists of
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fine sand to boulders about half a meter in diameter. The individual
partféles are well rounded, consisting of all lithofacies found
within the watershed. Debris and residual soil are thick and

widespread on all slopes of the valley.

Structure

Three major and geveral minor faults have been mapped or inferred within
- the project site. THe'méjdr faults are Bulangit fault, trends north-south

in east of damsite; San Rogue fault, runs NE-SW along the left abutment of

the dam; and a branch of San Manuel fault which follows the southwestern

face of the left bank of Lower Agno River.  The minor :faults show mainly

' NE-SW trend, that is:subpardllel to the San Rogue fault.

{3) Engineering geology

Damsite <’

The San Roque'damsite is underlain by.mainly diorite’ complex, diorite %o

- quirtsdiorite, ‘and partly metavolcanics and metasediments.” Hard and Sound
“Fock ‘exists at around 30 meters depth from the ‘surface in both abutments,
‘and watertightness improves with depth. Therefore,; cement grouting will

be necessary in both abutments.

-Phe alluvium at the damsite is 18.5 meters thick at maximum.- These gravel
blanket 'is considered ‘to be totally pervious and some impermeabilization

" measures ‘should be taken for the dam foundation.

The damsite is intersected:by at leéast four'minor faults. ‘The fault zones
are considered to be infilled with' clay aﬁd silt that ‘constitute
impervious screens in the feasibility study report. But the fault zone is
generally feared for watertightness, fherefore, detail study for faults

'will be required before construction.

- Réservoir
The reseprvoir will have 'the shape of ‘a wide lake -at the lower part, but

- follow the shape of a fjord-like artificial lake at upstream. " The
reservoir is underlain by mainly diorite complex. 'The rocks of the

reservoir area are all impervious.

-GL.12-



(1)

(5)

The reservoir area appears intersected by the main regional faults: San
Rogue fault, Bulaﬁgit fault, Dulong fault, Tayum fault, Tubotob fault, and
others of minor importance. In the feasibility study report (Ref., No. ),

these fault zones considered to form an impervious screen, so the San

‘Rogue reservoir will be watertight. The fault zone is generally feared

for watertightness so detail study for faults will be necessary.

No landslides or unstable zones were observed along the slopes of the

valley. This condition is related and limited to the debris and

. overburden.. Therefore, other consideration will be required for possible

instabilities concerning rock masses especially along the fault zones,

Construction materials

-.Rock for rockflll

The excavations for the spillway where diorite and metavolcanlch
metasediments will be produced in large amounts, may provide all the

required rock, Peo o

. Gravel ... . Lo T R S T

The alluvial fan, extended im downstream .of. damsite, consists of. gravels

with silt from mine tailing. The thickness of the gravel deposit is

.substantial and unlimited, but water table level is shallow..

- Fines for core

Clay deposits have been found in both sides of the Agno valley Bobon and
Bombaya areas on the right side and San Fellpefarea.on the left 51de._ The
mother rock of residual soil is the Klondyke Formation, and the thickness

of the clayey material is very thin only a few centimeters.
General assessment

The San Roque'damsite is comparatively in good condition from

phy51ographlc&l and geolog1ca1 viewpoint, but . further'investigation for

charactepistlcs of faults is required. If the San Roque dam is fill- type dam,

" further investigation for fine .materials 'is also required, because residual

‘clayey soil is:probably a smali'quanfityj
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3.1.2 Lower Ambayoah Damsite
(1) General.DescriptiOn

The Lower Ambayoan damsite is located on the Ambayoan River about seven
kilometers north-northeast of San Nidolas, eastern Pangasinan., Access to the
damsite from San Nicolas is by 2.5 kilometers of paved road and 5 k;lometers

jeep trail.

This damsite has been considered to be only site inventory in Irrigation

Development Plan (IDP).

{2) Site Geology

The geological map {1:50,000 in scale) and geological data of the Lower

Ambayoan damsite are shown in Fig. 3.2 and Table 3.2.

Physiography
The Lower Ambayoan damsite area is located in the southern piedmont of the

Cordillera Mountains. The damsite is situated in the Ambayoan River

valley about four kilometers from the edge of the Péngasinan Plain,

The Ambayoan River flows southﬁard straightly, and the valley shows
similar shape. The slope of mountain is comparatively steep. A lot of

small tributaries pour into the Ambayoan River from right and left bank.

Stratigraphy and Lithology
The stratigraphic sequence at the site is listed below in order of

decreasing age, followed by a'lithologic description,

- Jurassic to Eocene : Metavolcanics-Metasediments

- Recent : River deposits,'Debris 
Metavolcanics-Metasediments The domsite area ~ is' undérlain by

‘Dulupirip schist, ~the oldest rock in the Agno river basin Dulupirip
Schist at Lhe damsite consists of schistésed gréen rock (green
schist) and slightly altered diabase., This schistosed green rock is

considered to be of diabase origin.
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(3) -

.River deposits, Debrig The river deposits consists of mainly

gravel with sand. Debris and resideal soil are widespread on all

slopes of the valley.

Structure

Schistosity of riverbed’s rock strikes N70°E, dipping 85° southeastward,

and that of right bank's rock strikes N80°W, dipping 82° southwestward.

The major fault of N-S trend is inferred along the Ambayoan River.
Engineering geology

Damsite

The Lower Ambayoan damsite is mainly 'underlain by metavolcanics. ~This
metavolcanics consists of schistosed green rock and diabase that is
slightly altered. The former is distributed at the riverbed, and the
latter at the riverside. Weathered rock is considered to be about 10
meters thick at the-mountainside. River deposits is composed of gravel

with sand, and considered to be 20 to 30 meters thick. This river

"deposits is totally pervious.

The damsite is possibly intersected by a major fault. This fault is

~inferred along the Ambayoan River, because of the different trend of

“gchistosity at the riverbed and the right bank, Investigation for

characteristics of fault would be required.

Reservaoir

The reservoir will have the shape of long and narrow lake spread north to

south, The reservoir is underlain by mainly metavolcanics and

‘metasediments, and these rocks areé considered to be impervious.

The reservoir area is possibly intersected by major fault. This fault is

~inferred along the Ambayoan River, trending almost N-8S.

- One landslide Qés identified by study of aerial photograhhs and  topo map
'of 1:50,000 in scale. This landslide is situated at the left bank about

1.4 kilbmetersvnofth of_dﬁmsite. The landslide mass is in stable

cOndition,'but soil removal work for upper part -of mass-is required for

preventive measures,
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(4) Construction materials

Rock, coarse aggregates

Aggregates could be extracted from the rock guarry site at the both

abutments and/or at the mountain foot near the damsite.

Sand, gravel
Abundant gravel and sand deposits are available in the:riverbed hoth

upstream and downstream of the damsite.

Impervious material

There are three potential material sources located near the dam site area.
Residual clayey soil may be available at both sides of the abutment ridges
~and hilly area of .right bank about two kilometers downstream of the
damsite. - The landslide -area is also expected to have a deep weathered

.so0il and will be useful for comstruction materials.

{5} General assessment

The: Lower Ambayoan damsite is good- condition lfrom physiographical and
geological viewpoint. -A investigation for.damsite. and reserveir, especially
concerning .inferred fault and weathering at the abutments is.requiréd,_because
no investigation has been carried out.. It is also necessary to investigate the

characteristics of landslide and construction materials.
" 3.1.3 . Lower 0'Donnell Damsite
(1) General Description
The Lower O'Donnell damsite is located on the 0’Donnell River ahout twelve
kilometers southwest of Tarlac., -Access to the damsite from Tarlac is by 2

kilometers: of paved road, 3 kilometers of unpaved ‘road, 7 kilometers of dirt

road on dike and 3 kilometérs of foot trail.

This damsite has been considered to be only site inventory in IDP, as same

as the Lower Ambayoan damsite.
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(2) 8Site Geology

- The geological map (1:50,000 in scale) and geological data of the Lower

0'Donnell damsite are shown in Fig. 3.3 and Table 3.3.

Physiography ‘

The Lower 0O'Donnell damsite is . located in the eastern piedmont of the

Zambales Mountains. Thé damsite is situated at narrow valley in the
. downstream of O'annell River, that is formed by low ridges of cuesta

‘ranging from north to south.

Alluvial plain is widespread hoth at upperstream and downstream of the
‘damsite, The 0’Donnell River gently meanders northeastward in the
alluvial -plain, jointing the Bangat River about 2.5 kilometers southwest

‘of the damsite.

Two potential .saddle:dam sites are identified:infthe reservoir. area. An
open low divide (ridge) of which elevation -is less 100 nmeters, exists
about 4.5 kilometers west-northwest of the damsite, Another low ridge is
identified at about one kilometer south of the damsite, based:.on the

. reconnaissance by helicopter and. study of ‘aerial photographs.:
Stratigraphy and Lithology
The stratigraphic sequence at the site is listed below in order of

a decreasing age, followed by a lithologic description., - .

Early Miocene : Interlayered sandstone, siltstone and conglomerate

t

Middle Miccene : Interlayered sandstone and siltstone

‘Pleistocene : Basaltic to.dacitic flows and pyroclastics,

Andesitic to dacitic lava domes

Recent = +- Alluviunm, Debris

.Interlayered sandstone, siltstone and conglomerate This lithofacies
. called the Moriones Formation, is distributed in southern and western
-~ ‘partial area.'of 0'Donnell and near -the open low ridge by the

" Moriones River basgin.

"'GL + 17"’



(3)

.Interlavered sandstone and siltstone " This litﬁofacies called the

Marinta Formation, is distributed in the eastern hilly area. The
damsite is included in this area, and the formation dips eastward

gently.

.Basaltic to dacitic flows and pyroclagtics This = lithofacies is

widespread at northwest and south area of 0'Donnell.

.Andesi%ic to dacitic-lava domes = These lava domes are distributed

near O'Donnell forming isolated mountains or steep mountainous

bodies.

“Alluvium, Debris ‘Alluvium, the river. deposits, consists of

- predominantly sand and fine gravel at the surface, but the log of
.drill hole near 0’Donnell indicates that the. lower section is
predominantly cobbles and boulders. All materials is from volcanic
sources. Debris and residual soil are distributed on the foot and

the surface of slopes.

~ Structure

The eastern- hills show a 20 to 25 degrees'eastﬁardly'dipping homocline
that has been eroded into cuestas or hogbacks. No major fault and

landslide are identified in the damsite area.

Engineering geology

‘Damsite

The Lower O'Donnell damsite will be limited to 100 meters in height, owing
to the height in hilly areas. The left abutment is composed of sandstone,
which is well exposed in & river cut. This sandstone is well-bedded,
composed of fine, medium and coarse sandstone. The coarse sandstone

partly includes the gravel of 2 to 10 millimeters in diameter.

The bedding strikes N-5 to NBOOE, and dips 20 to 26 .degrees eastward.
The bedding of the damsite’s cross section is almost horizontal, because
it is similar trend to the dam’s axis. Weathering‘of'theusaﬁdstone is
considered to be not so deep, may be 1 to 3 meters deep. Permeébility may

be rather high along the cracks of sandstone.
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Alluvium is considered to be about 20 meters thick, and consists of

predominantly sand.

Reservoir

“The reservoir is underlain by mainly Alluvium, Morinta Formation and

Morionmes Formation. No major faults and landslides were identified in the

area.

Major problem in the reservoir is water leakage from the low saddleg.
These low saddles exist at_least at two points, one is_an open low divide
about 4.5 kilometers west-northwest of the damsite, and the other is low
ridge about one kilometer socuth of the damsite. The saddle dams are

required at these areas.

Construction materials

- Rock, Coarse aggregétes
-Aggregates could be obtained from the rock quarry sites of isolated small

mountains, that are within 3 kilometers north to west of 0'Donnell. These

rocks are composed of Andesite and dacite.

Sand

Abundant sand deposits are available in the riverbed both upstream and

downstream of the damsite.
Gravel
Gravel materials is presumed to be available in the terrace deposits near

Santa Juliana, about 13 kilometers southwest of the damsite,

Impervious material

'Clay material is surely present in the lowland area extending southwest of

the confluence of ‘the 0'Donnell and Moriones River, according to the
Moriones damsite study in IDP, This -lowland area is located sbout 7

kilometers northeast of the damgite; but more southern close area along

‘the O’Dbnnell River is supposed to. be composed of clay materials., Clay

material is of terrace deposits. -
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{§)  General assessment

The Lower O'Donnell -damsite is in good acceptable condition from
physiographical and geological viewpoint. Maximum height of the dan is limited
to .100 meters in elevation, owing ‘to the topography of the damsite area.
Major problem in the reservoir is expected reservoir water leakage from the low
saddles that show less 100 meters in elevation. At léast two saddle dams are

required at these area. The geclogical survey for damsite and reservoir should

be investigated in detail.

3.1.4 Balog~Balog Damsite
(1) General description

The Balog-Balog damsite 1is located on the Bulsa Rivér approximately 30
'kilometers west of Tarlac, Tarlac Province, Access-tqﬁthe;damsite from Tarlac
is by 3 kilometers of. paved road, 20 kilometers of rugged unpaved noadﬁ(partly
paved road underconstruction) and-10:kilometers. ofunew;unpaved conStruction

road for the Balog-Balog damsite.

Feasibility study of the Balog-Balog Project has been prepared by. .ELC in

July 1980, and the dam is now under construction. .
. (f) Site geology

" The geological map {1:50,000 in scale) and geological data of the Balog-
Balog damsite are shown in Fig. 3.4 and Table 3.4, '

Physiography - R
The Balog-Balog damsite is situated about one kilometer south of Balog-

Balog. In the vicinity of the damsite the BulSa-Riverfflows almostly
northward, ‘but the Bulsa flows eastward on the .whole. .: One: of major
tributary that meanders. northward joints the main river 2 kilometers south
of the damsite, and another .small major tributary that flows eastward

meets the Bulsa just 200 meters south of the damsite.

Thin mountain ridges and saddleback are often recognized in the damsite
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area. The trend of mountain ridges shows irregular shape.

Stratigraphy and Lithology

The stratigraphic sequence at the site is listed below in order of

decreasing age, followed by a lithologic description.

~ Cretaceous to Early Eocene : Gabbro

- Late Oligocene : Quartz diorite, Diorite
~ Pleistocene : Andesite, Terrace deposits
- Recent . 1 River deposits, Debris

. Gabbro Gabbro is one of main lithofacies of Zambales Ultramafics,
distributed in the western area. No other lithofacies of
Ultramafics, sﬁch'}as dunite or peridotite, is identified :in the

. damsite area. . :

.Quartz diorite, Diorite This lithofacies -is the most extensive

formation in the area. It underlies the damsite and most part of the
: réseryoirw : In - general, gquartz .diorite .or diorite.-is..in depth a

sound, moderately hard rock.

.Andesite The andesite is distributed in the.northeasterh-part.of
the reservoir near the damsite. It outcrops on both sides,
‘especially widespread at the right bank. The ahdesite.is light gray,

hard and sound rock.

- .Terrace deposits The .terrace deposits, forming the wide plains

-along the meanders of the:Bulsa-River, are mainly composed of well

compacted silty sandy gravel with boulders.

.River deposits, Debris River deposits consist of unconsolidated

sandy gravel deposits, rich in boulders. This river deposiis is on
‘the average five meters thick, along the river channel at the
“damsite. . Debris and residual gsoil are distributed on the foot and

-the surface Qf slopes.

" Structure

In the area, the following two main sets of major faults have been
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identified:

~ the NE set which steeply dips to the SE
- the NW set which steeply dips toc the ‘NE and SKW

And some minor landslides are identified in slopes mainly along the

tributaries.

3.1.5 Moriones Damsite

{1) General description

The Moriones damsite is located on the Moriones River about 9 kilometers
west of Tarlac, Tarlac Province. Access to the damsite from Tarlac is by 8.5
kilometers of paved road, 1.5 kilometers of dirt road and 1.5 kilometers of

foot: trail.

. This damsite has been evaluated as altermative.site for irrigation system

in the Balog-~Balog feasibility study.
(2) Site geology

The geological map (1:50,000 in scale) and geological data of the Moriones

damsite are shown in Fig. 3.5 and Table 3.5.

Physiography
The Moriones damsite is located  in the eastern piedmont of the  Zambales

Mountains, about 5.5 kilometers morth of the Lower O’Donnéll damsite. The
damsite is situated on the narrow valley, that is formed by low ridges of

cuesta trending N-S to NW.

Alluvial plane is extremely widespread at upperStreém of the damsite, The
Moriones River gently flows eastward and meanders near the damsite. The
norphology of the reservoir is flat and large with gentle and open sloﬁes,

except -sporadical isolated steep mountains at the right bank in the'upper

reservoir,
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An open low divide toward the south into the 0’Donnell River drainage that
shows 100 meters in elevation, exists about 6.5 kilometers southwest of
the damsite. And'some open ridges of less 100 meters in elevation, are
present within one kilometer of the damsite. Furthermore a thin ridge of
1060 meters in elevation exists about 1.3 to 2 kilometers south-southwest

of the damsite.

Stratigraphy -and Lithology

The stratigraphic sequence at the site is listed below in order of

decreasing age, followed by a lithologic description.

Early Miocene : Interlayered sandstone,siltstone and conglomerate

-~ Middle Miocene : Interlayered sandstone and siltstone
- Pleistocene ; Basaltic to dacitic flows and pyroclastics, Ande-

citic to dacitic lava domes

Recent : Alluvium, Debris

;Inﬁerlavered sandstone, siltstone and_conglomerate This lithofacies

called‘thé:Moriones Formation, is most widespread formation in the
area. This formation is overlaid and penetrated with Quaternary
‘volcanics and plugs in the southwestern area, and overlaid with the

Marinta Formation, described hereinafter, in the eastern area.

JInterlavered sandstone and siltstone This lithofacies called the

Marinta Formation 'is distributed in eastern to northeastern area,
The damsite is situated in this formation's area. The formation dips

eastward to northeastward as much more north area.

.Basaltic to dacitic flows.and pyroclastics This lithofacies is
distributed in - the southwestern area,: overlying the Moriones

Formation.
.Andesitic to dacitic lava domes. These lava domes are distributed
in the right bank of the Moriones River, forming steep mountainous

'bédibs.

.Alluvium; Debris Alluvium that is widespread. along the river, is

composed -of predominantly sandy materials, No areas of fines are
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(3)

identified, but impervious material is probably ‘present in some rice
areas. Recent river deposits are composed of sand to cobble and

boulder. : Debris and residual scil are distributed on' the foot and

the surface of slopes.

Structures
The Marinta Formation shows a 20-degree eastwardly (to northeastwardly)

dipping homocline that has been deeply eroded into cuestas or hogbacks.

The fold structures are ‘identified in the Moriones Formation. No major

 faults are identified in the damsite area, except in the upper reservoir

area,
Engineering geology’
Damsite

The Moriones damsite will be limited to: 100 meters in elevation, owing to

the height of regional mountain ridges. The left abutment is composed of

- sandstoney which.isfwéll‘exposed.iﬁia.rivericut;{”ﬁtgéddlexbﬂ.right bank

about B800: meters upperstream of damsite, is underlain by impermeable clay

‘with. at :least 3 meters thick, that is considered to.be Quaternary lake

-deposit.

Permeability of the weathered bed rock is considered to be rather high
along the bedding plane and.crack’ zone of sandstone;- .It. is -estimated that

the depth of alluvium is about eight meters at the damsite;

Reservoir .
The reservoir will have a extremely large lake spread east to west. The
reservoir is underlain by mainly marine clastics and partly intrusive

rocks, and these rocks are considered to be impervious.

No major faults and landslide are identified, except NE~trend faults in

. the upper reservoir that may not cause a major problem..

Major problem in the Moriones reservoir is water leakage from some open
ridges near the damsite, and an open wide low divide at 6.5 kilometers

southwest of the damsite. In: these areas saddle dams are required.

-Blanketing or grouting will be necessary at the thin ridge-of 100 meters
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in elevation that is 1:3 to 2 kilometers south-southwest of the damsite,
{4) Construction materials

Rock, Coarse aggregaies

Andesite will be obtained from mountain plug about 2 kilometers west .of

Moriones. Rock quality is hard to very hard.

Sand and Gravel

The river channel: is an. abundant source of gravel and sand, whose material

is a mixture of ultramafic and mafic igneous rock and velcanic rock.

Impervious: material

"Clay material is present in the low land area extending southwest of the
confluence of the Moriones and O’Donnell River.  -This  low land area is
located about 4 kilometers east of the damsite. Clay material is of

¥

terrace deposits.

{5) General assessment

The Moriones damsite is: good or acceptable condition- from physiographical
and geological viewpoint. ‘Maximum height of the dam is limited to be 100
meters in elevation, owing to the topography of the damsite area, Major
problem in ‘the reserveir is water leakage ‘from low saddles that show less 100
meters. in elevation. The saddle dams, at least five dams, are required at
these area; and the investigation should be examined in detail. The geological
survey for ‘damsite and thin ridge of 100 meters in elevagion,'located 1.3 to 2

kilometérsisouthmsouthwest of the damsite, also should be examined.
3.1.6 Camiling Damsite
(1} General description

The: Camiling damsite is located on the' Camiling River about 19 kilometers
southwest of_Camiiing. Access to the damsite from National Highway No. 13 1is
“by 4.5 kilometeprs of paved road (under repaif), 9 kilometers of unpaved road

and 4 kilometers-of foot trail.

~GL.25-



This damsite is recommended site for development in IDP,
(2) S8ite geology

The geological map (1:50,000 in scale) and geological data of the Camiling

damsite are shown in Fig. 3.6 and Table 3.6.

Physiography
The Camiling damsite is located in the eastern Zambaleé Mountains. The

Camiling River flows northeastward in main Zambales Mountains, and after
jointing the major tributary at 3 kilometers upstream of the damsite, it
neanders eastward forming comparatively wide valley.

The mountain ridges extend with irregular form, and slopes show steep to
very sfeep degrees., Some major landslides are ideéentified in the slopes:

along the Camiling River and. its tributaries.

Stratigraphy and Lithology
The stratigraphic sequence at the site is listed below in order of

decreasing age, followed by a lithologic description.

- Cretaceous Early Eocene : Gabbro,.Peridotite, Diabase dyke complex
- Late Oligocens ! Quartz diorite, Diorite

- Recent : Riyer deposits, Debris

.Gabbro, Peridotite, Diabase dyke complex’ This' lithofacies called
the Zambales Ultramafics is most widely spread in. the area. The
gabbro is a dense and homogenous mass having a relatively high
specific gravity. The gabbro is most common widespread rock in.the
area.  The peridotite is a massive to layered rock, - distributed in
the western area along the Camiling River. This peridotite is
generally serpentinized. The Diabase dyke_Complex is aistributéd in

the eastern area of the damsite,

«Quartz diorite, Diorite This local lithofacies as same as Balog-

Balog diorite is distributed in the limited area about 1.8 kiloneters

. upstream of the damsite.

River -deposits, Debris River deposits is composed. of extensive
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(2)

(4)

in

gravel with sand. Debris and residual soil "are distributed on the

foot and  the surface of slopes.

Structure

‘Some minor faults trending NE are identified by the review of -aerial

photographs, and a minor E-W trending fault is possibly exist at the ridge
of right abutment. Major landslides are also identified at the slopes

alongkthe Camiling ‘River and its tributaries by the aerial photographs.

: Thése landslides occurred in the Peridotite rock area.

Engineeringfgeology

Damsite

Bedrock at . the damsite is a massive gabbro formation. This rock is

imperméable and has a high compreséive strength. A minor fault trending

" E-¥ is inferred at the back ridge of the right abutment.

Regervoir -

The reservoir will have a fjord-like lake of about 6.5 kilometers long.
The reservoir is underlain by ultramafics, mainly gabbro and peridotite,
and these rocks are considered to be impervious, ~No major faults are
identified; except some KE trending minor faults. Some major landslides

éxist in the reservoir will be subject to preventive measures.

‘Construction materials

~Abundant quantities of sand, gravel and earthfill materials are available

the immediate area of the damsite. Suitable riprap can be obtained by

guarrying the nearhy site composed of gabbro or -quartz diorite.

() -

General -assessment

" The Camiling:damsite is considered to be acceptable condition from

' physiographical and gedlogical viewpoint. Some major landslides are present in

“the- area, a few .of them exist in the reservoir, These will require costly

prevenlive measures, but it maybe bhe difficult from ecbnomical viewpoint.

Investigations for geological conditions of damsite and characteristics of
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landslides and faults, should be ‘reviewed.

3,2 Geological Problems

Geological problems of six proposed damsites are described hereinafter:

3.2,1 Dansite

The most problem of proposed'démsites is;water leakage by fault zone. The
San Rogque and Balog-Balog - damsites, which the feasibility study was conpleted
by ELC, are considered to have no problem of water leakage by fault or shear
fracture zone, because clay materials constitute impervious zone.: Usually the
"fault zone has a problem of water leakage, so it is difficult to consider the
fault zone to be impervious zone. Therefore, further investigations for

characteristics of faults are reguired before designh . and construction.

Damsites such: as.the Lower .Ambayoan, Lower -0'Donnell,; Moriones and
Camiling, are recommended for a geological investigation for rock stability and

fairits.
3.2.2 ..Reservoir .

. Geological :problems of -reservoir are mainly'divided into two items,: water

LI

leakage and landslides.
{1} wWater leakage

“The most major problem in the reservoir is water ledkage from low ridges.
These problems occured in the Lower O’Donnell and Moriones reservoirs. An open
low divide which is located  between Moriones - reservoir and Lower 0'Donnell
reservoir, is no problem if two damsites are constructed, but a big sub-dam
will be required if only one damsite is adopted. Another-ldw:ridges in
succession of damsite’s ridges are located in the both damsites. At least five

sub-dams in the Moriones reservoir, and. two sub-dams in the Lower 0'Donnell

damsite, are required..

The other reservoirs probably-havé no ‘problem- of. water :leakage, because

rocks in each reservoir are considered to be watertighthess.
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(2} Landslide

One of major problem is landslides in the reservoirs. These landslides
are identified in the Camiling and Lower Ambayoan reservoirs by study of aerial

photographs.

The Camiling damsite area especially has many obvious and less ohvious
landslides, and some lower part of them are under water of reservoir. The
landslides will occur to slip, because water permeate into landslide masses.
Effective countermeasure for landslides is piling works, but it may be

‘difficult from economical viewpoint.

One minor landslide is situated in the left bank of the Lower Ambayoan
reservoir, -and soil removal work for upper part of landslide mass is ‘required

for preventive measures.
{3) Others

‘Other problem is.compensation for houses that submerged in the reservoir,
The San Rogue and Bdlog-Balog reservoirs -have no ‘house, the Camiling and Lower

0'Donnell reservoirs have a little houses, and the Lower Ambayoan and Moriones

reservoirs have many houses.
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4, (EOLOGICAL ASSESSMENT FOR DIKE

4.1 Landform of Pangasinan
4.1.1 Description of Landform

Landform map of the Pangésinan Plain is shown in Fig. 4.1. The Pangasinan
Plain is roughly ‘divided into two landscapes, one of which-is-coastal and the
other is alluvial. Coastal landscape is divided into four items, that are
active tidal flat, old tidal flat, beach ridges and beach lines. These are
shown in Fig. 4.1 as physiograbhic mapping No. 1 to 4. W}thin this four items
old tidal flat is not distributed in the STUDY area. Three other items are
distributed in the northwestérn area of the Pangasinan Plain, neaf the Lingayen

Gulf.

Alluvial landscape is divided into nine items, shown in Fig. 4.1-as No. 5
to 13. Within these items, No., 11 and 13 are not distributed in the Study
Area. therefore six items are present in the area, that are braided river,
river terrace, river levee, abandoned river 6hanne1, broad alluvial plain and
alluvial fan. The sequence of No. 5, 8, 9, 10, 7, 6, 12 is considered to be an

order of high elevation of landform.
4,1.2 8Soil Materials of Each Landform

Soil materials that constitute each landform are considered to be as

follows:
- Active tidal flat (No. 1) . sand with minor silt
- Beach ridges (No. 3) ¢ sand
- Beach lines (No. 4) o sand
~ Braided river (No. 5) . gravel and sand with minor silt
- River terrace (No. 6) ¢ gravel and sand.
- River levee {No. 7) . : sand

- Abandoned river channel (No.8) : gravel, sand ﬁith silt
- Broad alluvial plain  (No. 9a) : silt with sand

- -  {No. 9b) : silt with minor sand

- " (No. 9c) : organic clay and silt

- Intermediary valleys (No. 10) Sand with gravel.and silt

..
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- Alluvial -fan (No. 12) : : gravel with sand
4,1.3 Foundation of Pro?osed Dike

-Dike  system is proposed along the Agno River, Tarlac River and Poponto

Swamp,

The propoéed dike along the Agno River, upper stream from Bayambang, will
he constructed on the surface of braided river or river terrace or river levee.
These foundations of dikes are considered to be composed of gravel and sand

with minor silt. We anticipate no problem of ground subsidence to occur.

The proposed dike along the Agno River, downstream from Wawa, will be
copnstructed on the surface of mainly broad alluvial plain, number of which are
9b And 9c. They are composed of silt with sand and organic clay, therefore,
somewhat problem bf consolidation settlement will occur in certsin area. The
" foundation of dike in fish pond area at the mouth of the Agno River consists of

sandy materials, that may cause quicksand . or piping actions.

The proposed dike in the Popont Swamp will be constructed on the surface
of swampy area that is composed mainly of organic clay and silt with little
sand. We expect settlement and destruction to occur. '

4,2 Broken Dike in Downstream of San Roque
4,2.1 Transition of the Broken Dike

. The exesting dike in-the downstream of the propdsed'San Rogque damsite was
constructed about thirty years ago. .The dike location have changed three
times. The location of old dike and existing dike only, is shown in Fig. 4.2.

The old dike which was constructed in the early 1960's, was destroyed.
The second like location was moved about 150 meters westward, and finally the
last existing dike was built about 300 meters west of the old dike.

4.2.2  Geological Desgription'fdr Broken Dike

This dike which was destroyed so many times is composed of clay with some
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sand. The cause of the destruction was the swift velocity of the Agno River at

flooding time and of narrow width of river channel.

The exesting dike which was partially destroyed in the vicinity of San
Vicente and Calanution is composed of mixed sand and: gravel, that it is hard to

endure the velocity power of the river.
4.3 Dike Construction Materials
4.3.1 Location and Characteristics of Materials

Dike construction materials were located at the following two sources:
the ‘plain area and the hilly areas respectively. . These are described

hereinafter:

(1} Materials of plain area

3

Materials of braided river and river:terrace are mixture of major gravels
and sand, and those of broad plain are mainly silt with minor ‘sand and clay.
The existing dike material was reported to be taken from the braided river (No.

5) in the plain area, which is a poorly graded mixture of sand and-gravel.

(2) Materials of hilly area

Some place in the vicinity of the Agno River are underiain by sedimentary
rocks that are sandstone, siltstone and conglomerate. These rocks probably
include fine to coarse materials because of weathering{.-The hilly area'wést of
San Roque (Fig. 4.3} is composed of_diluviai térraﬁe-deposits.'"TheSe terrace
_deposits maybe also include the fines with gravel "and sand'becguse'of

weathering.
1.3.2 Assessment for Construction Materials

The granular material that consists’ of sand and gravel with a negligible
content of fines is considered not suitable for dike construction. In order to
get well graded soil materials blend of cleyey soils :(broad alluvial'plaiﬁilga,
9h) and sandy materials .(river terraces;6 or braided river;5)=will be

Necessary.
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Materials from hilly area, which are weathered sedimentary rock and
terrace deposits are suitable for construction materials except tuffaceous
materials. If the ultramafic rocks at the foot of the Zambales mountains are
deeply weathered, these may be suitable for dike construction The proposed

hilly borrow areas for comstruction materials are shown in Fig. 4.3,
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Table 2.1  STRATIGRAPHY OF NORTH LUZON ISL.AND

GEOLOGIC TIME Luzen Centrel Luzon Centrat Fioin
MILLION] Cordillera {West Side) Zombales Range
>
T _ QUATERNARY ALLUVIUN TERRACE QRAVEL
; HOLGCENE TERRACE SRAVEL QUATERMANTY ALLUVLM
-0t 1 E . : et s st st =rr s T .
e amiDEN wEna | auaTeRnaay * QUARTEMANY] ”I
T LATE FORMATION .| VOLCANICS . YOLCANICS {1
g PLEISTOC T SAMEBAN FORMATION bl ol i
° . |EARLY CUARTERARY
L8 9 - ) _ * e
) LATE ROSARID  FORMATION SANEOTERG. LINESTONE
: FLICCENE )
) _ EARLY o
5.0 1 AREERTETRES | TaiL -
e : LATE | sLowoYse momsAtion TARLAG FORNATION - | SY8. TTuR Fomuomoy | SRUZ PORMATION
3 MIOCENE | MDDLE | KEHWoR FoRMaTioN MALINTA _FORMATICN ZANMBALES FORNATION
2 - BALATOC  BLK. MT.FOR- —
w > EARLY PLLE PHYRY HORIONES PORMATIONR
prd x _TISIAD FORNATEM | : -
22.5 q. b 3 R br--a-ity ' 18 3% WALOS- BALDS
'; LATE : | | I DIORITE
w | OLIGOCENE TINES  FONWATIGN - e —————
- EARLY. .
8.0 o ARSITERD FORNATION
: LATE |uicuan srour AKEITERO FORMATION :
EQCENE : -
: ) ) EARLY j ‘ o ¥
=ot | W e T
: LATE . : .
PALEOCENE [—— _ i
EARLY GALUPIRIP SCHRT ;;:am.n ULTRAMAFICE
65.0 - (mmoupénmm
. o |LATE .
CRETACEQUS
2 EARLY
4 8 : e
O LATE
o
X | “JURASSIC MIDDLE
|95 EARLY

Source  Refer to No.GL.COI (B.M.G. (98I}

Remarks +(1) The dascripﬂon with "»" Is supplemented based on the text of
the original source.

(2) The descriptlon ‘with "% %" is modified based on the text of the
.original source.
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Geological Data af San Roque Damsite

Table 3.1
Dansite o, | i { Dan's Nare San Rogie Damsite
i i .
Province | . Pangasinan 1. River-. Agna River
' Height of Crest | B 30w | Heightof RiwwBd | B 100 »
I . :
| R A |
{ - Hidh of Riven Ded | 209 4 | Daws Pussible eight | W N
Topography ( . ' ' —— -
i Lgeation of Dam fxis i { Harrow . Mediunl. Hide . ) Uabley
f Reserwoir i ( Veky Large . ilargei, Hedium . Swall ).
i bt i , Agno' River keanders in Reservoir drea -, ¥ountain slope is steep.
i Hotes i :
' !, 01d Rivar Channe) can -he seen at 2-3kn northeast of damsite

beplogical Formation |
& fye of Damsite -

. Dalupirip Sehist (Jupassic to Escene) - Hetavalcanics and Metasedinents
. Rgne Bathelith (Ohgocene o Earig ﬁmcene) - Piorite and Quartz diorite
Rlondgke Fomtmn {Late Riocene} = (:onslonerate wtth mnn‘r Sam\stune md Sbale

Dansite : Reéermir
,’ . bierite - Quartz diokite S L
.Rur.k Iupe . (Early Miocene} - Mainly . ) | . Diorite, Quartz dierite-
: ie .. | Litholagy L .
ni Be Rﬁck 1, Wetavelcanics - Retasediments ! and Age (Eirly Hiocene}
i' {Cretacesus to Pajascgene)- Part!u | ) :
H 4 : .
b ardiand slightly veatheretl T S . Hany major fauits
S H mnk with thin debris eover Geoiogic Lo s
Rock Quality I both aputkents ) ?;mﬁmw (HE - SW, - SE trendd
. ad i
’ 1R Freslz rock exists a.round a Jold « Mo tandslide
i -ieﬂh . g ) Landsiide} - .
Geclogic, . . rom- winor fauit - Slope . . Frohably stable |
‘Strudture (:mnlg H-$ trend, pa.rtlg EH Stability B
. High te very high « - 5o 1. $in Roque reservoir will be watérlight.
parmeability coment i 0w s Permeahility - s I : :
rapabili . Cewent grouting will be neges . : -
R I bt nbumegts : ™1 Ground Hater
. P.esxdual e,l tS; t!egunt at eight
abutzent {3,0 a in thickness) A
dverhurden Sedimentation | . Less
. Ihlch river deposifs (Bm.19.3a8 |- :
: 'i in thiciness}
1 .
. . large excavations For spillway .
Location. . hiluwial fan of Pangasinan Plain
Fock & Carse Rock Ty : &?mf etz Aol it
: ck Type avolganics - adiuents
figgreqates ave
Quality & Volume | . Hard to'very hard
Construction :
Haterials . Lacatiun
¢ Sand Haterial
Quality & Yolue _
B Blght side ol‘ figno Ualley
§ Socation {as fooy of hills-in hobow and basbdaya mas)_
! Inpervious _ ~
Waterial Soil fupe . Clay deposits
Quaiity & Volume | . Besidual spit of conglowerate and sandstone
: ; H Dan Cogstruction |
el Dazsite] Good [ Reseruoir | Good | Daa Coasfruetion | - Good
Assessuent Hotes | Further investigation for characteristics of faults uill be:m;uirfcd.

-GL .35-




Table 3.2 Geological Data of Lowey fAmbavoan Damsite
Dansite Mo, ! 2 } Dan's Hane ! Lover fibayoan Darsite
Province P Pavgasinan ] River : fiabayoan River
! Height of Crest | om0 s | eightof miverBed | M 125
Pidth of River Rod i 288w i tam's Passible Height l 150w
Topography - .

Lacation of Dan Axis "( Nareow . Hediww .} Hidef. ) Yalley

i
i
i
|

Reservoir { Uery Large . Lavge . {Mediun(. Skali }

HE hbayean Hiver Prows soutiward straightly
fotes i .

Gealogical formation ' - Dalupirip Sthist (Jurassic to Socene) - Metavoleanics and Merasediments

& fge of Dansite |

lia'n:si'te e ' Beservoir
. Hetavelcanics ... Schistosed : . Katavolcanics - Metasediments
Rock Type green rock {diabase origin) i (Jurasslc to ‘¥ocene}
and_fge - right hank aad piver bed Litholowy :
of Bed Rock : and Age
.'Dlabase ~ 1eft bank
i . . Hard to very hard mth ‘thin delms»' Geologic | . Hajor fault that trends N3 is inferred
T, soyer x‘werh«dsme of left hank t Siruglure i - along Awbagoan River
Pock Juality’ {Fault H
) ) . Bather hard - viverbed and river- Fold . One minor landslide .
| heaside of nght hank Landslide} L L
. Sch:stosxt; (rwer bed) strikes R R ‘ . -
Gealosi I8 £, and dips 83 southeastward . 51 * 1 . Probably stahle exeept landslide area
: ologic ape
--Stmcguw, . Sehistosity {right hank) stvikes . Stahility
i N&d H, and dips 22 suuthwestua.rd
1 . Fault (-5 ‘trend’ alony the, river} -
: is inferred -
L ) LT Permahlhtg‘ ’ o
Perneahility . ?robably"iuqh to very high . . Probably watertight
. . e : ' Gmundﬁam o
: Resideal clay deposits - . Less
i Overburden i . Ihick river depasits | Sedimentation
i . " . . Both abutments
i Lacation . o
i ) . . - Mguntain foot neap damsite
Rock & Coarse =
Mmam | Reek .Igp.e. . . Hgtauotcamgs
L Quality & Votune | . Hard
i Lonstzuction : Location . Riverbed both upstreas and dowisirean’
Haterials Sand Hatepial -1 Z -
o fuality & Volune | . Ahundant
i . . Ridges of mothside
| laocation . .
o . Right hank 2 - downstrean .
Inpervions 7
© Haterial - sm-me 1 Clag
Qudlity & Volune | . Residual soil of Hetauoleemics or terrace deposits
fereral Dasite] Good [ feserveiv | Geod | Y Sonstrection] guy
fssessaent -

Hotes | A investigation for fansite and reservoir is reqiired
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of Lower O'Dnnnell Damsite

« low pidge at 1 .km southward of daw axes

Tahle 3.3 Gerological Data
Dansite Mo i [ Dan'sNane | Lover O'Domnel] Dansite
| i * ”
| Frovivce Tarkae i River i ' Donvel} River
i : : ; :
Height of Crest: I CEL. 1@ n | Meight of River Bed | Fl. Tiw
. )
Hidth of River Bad I 2E » ©  Daws Possidle Height [ B
* Topography , i i _
Lacation of Dam Axis | ‘({Harvowi. HKedium . MWide . ) Valley
. : rm————
Reservoip { (ilery Larger. large . ¥ediun . Swall }
! . i . s rumr is_very large alluvial plain
! ! Hotes i . Ope: low divid ergt grg ki uest-nogt}mst of -daw {less EL, 168 w)

tealogical Farmation
& fige of Dawsite

. doriones Formation (Early Miocene) - Interlayered sandstone, siltstone and
conglpnerate

. Halinta Formation (Middle Miocene) ~ Interlayered sandstone and Slltstone
Euatemarg Unleanics (Pleistocene) - Basalbig Yo dacitic flows,and pymclashcs

uaternary Plug (Fleistocene) ﬂndesmc to dacitic [ava

" Damsite

Reserwoir

. Interlayered sandstone, sut;tene and

Notes | Sub-fans are required (ot least tho dars)

Rock Tupe « Befided sandstone " songlowerate (Eariy to Middie Higcrie)
and Age (Kiddie Niccene) Lithalegy
of Bea Reck . and fige - Basaltic to dsc:tn: rlors, ﬁx{oclasilcs
T Andesitic m aeitic Javas (Fleistocened
- Hard and well-hedded : . S
) ; i Geologic . Bo major fauil
Rock Guality . Fine, wediwe and coarse sandstone : Struciwre S L
- i with small gravel (at leit bank (Fault - 1 & Mo landslide
i sited Fold = - o
' Landslide)
Geologic . Beﬂﬂma sirikes HS to RSB Eand Slope . Probably stable
Strupture diys 28 to £b eastwind Stability : o
. b . Probable watertioht
L . Probably watertight except crack | Permeability
Fermeahility zone : " | . Ground water copsidered fo be low fevel
Ground Hater at open low divide
. Partly thin debris cover i ) . Hany (Sandy materiall
Gverburden - B . Sedimentation :
. Thick sandy river deyosit
A . Isolated small mustains
Locaticn ~ {within 3 i north to uest of 0'Donnell}
Bock & Coarse :
fypregates Rock Type « Andesitic to dacitic lavas
Quality & Voluwe ; . Hard to very hard
Cunstruction Latation . Riverted of damsite and upper strean
Haterials Sand Material :
Quality & Usluwe | . Biver deposits (Heditn io coarse sand)
Locatien . Hilly area about 2 to 3 ks northeass of damsite
Inpervious ' ' N
tepials “Soil-Type . Sandy clay depnsits. .
v fuality & Yoluse | . Residual soil of 5iltstone and z'a:id'stune
Cereral dansite] Good/hcveptable | Reservoir |  Good ”ﬁ:tsg’,'gfmhm - Good
Bssessnent
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Table 3.4 - Geological Data of Balog—-Baloy Damsite

Dussite Ho. 4 bea's one | Balog-Balog Dassite
Pravinee Taela | River [ Bulsa (Horiones) River
Height of Cﬁst l EL. 268 n l Height of River Bed l . 148 a
-~ Width of River Bed I - 168 n I Dar's Possible Height | 168 n
Topgraphy Location of Dam dxis I { Harrow .m. fide . ) Valley
Reservoin o Cverd Larse [ Tavael. Fedion . Sl )
1 - Hotes ! . Hajur tridutary Jjoins Pulsa river at 2 ka south of dan

. anbales Ultramafics (Cmtaceaus to Farly Fogene) - Gahhm

teological Formation | | pajoy-Baley diorite (Late Oligocene} - Quants digrite, Diorite

& fge of Dansite

. Quasternary Pluys {Pieistpzéne) - findesite

Dansite

i
!

Reservoip

. Rock !gpe
s pack

. fuantz dioprite (Rate Oligocene}

. findesife {Pleisfocens) - Pau\tlg
in pright abutwent

. Digrite complex (Late (ligecene)
. ~ Quartz diorite, diorite, diorite
Lithology porphymy
and Age ) i
. findesite {Pleistocene)

. Gabbro {Cretaceous to Zarly Eocene)

Rock Quality

"o Hard te very hard bai deeply Geologic . Twe main faults trending WE-SH, MH-SE
weathered {about 18 to 38 » Structure ) .
thick) (Fauit . Hinor landsiides at head-waters of
: CTeld creeks (waybe not under water}
landslids) : : :

Geologie

. Andesite inteedes into diopite
complex

. probabiy stable, except minor tandslide

Slope and mirer rack slides ziong steep banks
Structure . Majop fault trending MW and Stability
R dipping eastward at left side of
riveried j-
Permeability . flwost watertight except Permeability § . Hatertightness is expected
weathered zone
Ground Hater
Querburden - . Clayey residual seil Sedimentation | . less
L . Foot of mountain about 2 ka northeast of dan
Logation . X
« Riverbed of Bulsa River
Rack & Coarse fock 1 . fndesite {Fleistozens}
o :
Aggregates e . Gravel
Quality & Yoluwe | . Hard ta very hard
Construct ion : Location . Riverid of Buisa River
Haterials Zand Material : :
: t}ualitg_ & Unlumwe | . River deposits '(sand, gravel, houlders)’
o . C!ag bormu area
- Location uliea.nd muntamous area at northeastern area and
o i sputhern area of dam}
Inpervisus :
Haterial Soil Type . Clag;
Quali!g & Beliwe ¢ . Clayey residual soil
eneral Dassitel Gaod | Reserwoir | %ood / Bucelleat | “ﬁ:.‘gg;';{”“"’"l Goad/ Excellent
 fssessrent :

Notes | Further inwsstigation for characteristics of faults is required
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Tahle 3.3 Geolotivcal Data af Moriones Damsite
Dansite fo. 5 | Dw'sHane | Horioves Damsite
i
Pravince Tarlac i River { Moriones Huer
© Height of Crest I m, t8e » ! Neight of River Bed’ | EL. 60 »

Width of River Bed 1 - M8 w Ii Paw’s Possible Height ‘ 4 n
Topagraphy : sy

Logation of Dan fxis ! (iMarrowt. HMediow . Hide .} vValley

Reservoip {Wery Largei, Lare . Mediua . Swall )

Hotes

i . Reservoin is extremely large allwial plain
. Open low divide at 6.5 kw seuthuest of dam {less EL, 189 w

Geological Formation

l . Koriowes Forsation (Early Mioceme) - Inteplayered sandstone, siltstone and conglomerate
{ + Falinta Forsation (Kiddlte Nivcene) - Enterlayered sandstone and siltstone
' ;

& e of Dansite [ . Quarternary Plug (Pleistocene) - Andesitic to dacitic lavas
i : - :
Dansite ! Reservair
) . Interiayered sandstone, siltstone and
Rock Type . Interlayered sandsfone and . conglokerate (Early to Kiddle sandstone)
and nae : siltstone {Kjdile Miocene} - -~ Litholegy .. o -
of Bed Rock |- Sl and Age . Basaktic to dacitic lavas {Pleistocene)
T R . . Sawe suncline and anticline existin
1. Probably rather hard to hard Geologic Xoriones Formation
Roek Quality - R Structure K . .
S : (Fault - Some -minor faults axist at upper reser-
. : Fold .. . i voir (HE-SH, H-SE trend)
Landslida) . [ SR v
) R ) . Ha landslide.
Geologic ", Bedding strikes N5 to 10 H Slope . Probably stable
- Struclure and dips 20 to 3B eastward Stability- e
o G ’ S . , Prohably watertight N
. . Probably watertight except crack ‘| Parmeability e St L
Permeability zone .. i 4 Ground Water sonsidered to be low level
Ground Hater at open low divade
. Partly thin debris cover . ) o1 less
Qverburden Ce . o : Sedinentation :
. Thick river deposit :
i b Lesatien . Kountain pleg about 2 o southeest of Horiones.
Rock & Coarse ' :
fggregates . . .
Roek Type . fodesite
T Quality & Uoluse § . Hard to-very hard
C_unstructmn i
- Haterials ' . .
Sand Material | pocation . Riverhad of Koriones River
Guality & Voluse '| . River deposiis {sind, gravel)
¥ S . : :
Location . Hilly area abaut 2 kn east of dawsite
Inpervidus _
Haterial Soil Type . Sandy clay déposits
Quality & Uolume:| . Residual soil of sandstone and silistone
’ 2 . R Paw Construction
Gereral Damsite] Gaod / hcceptable l Resarvoir i . Good Cdaterial - Good
fissessnant : . .
o ¥otes | . it least Tive sub-dans are required

-GL . 39 -




Tahle 3.6 Geological Pata of Camiling Damsite
T D Da's Mae | Caniling Dansite ]
| —— :

i Povieee | Tarke i River i Camiling River
i )
|
] Height of Crest i EL. 468 w | Height of River Red I EL, 855 a
1 : 1
l Width of River Bed | 15 | Baws Possible Height | 163 »
' Topography : -
] Lozation of Dan fAxis | {{Narvowi. Mediswm . Ride . )} Ualley
K ) !  m— .
! Reseywoin i { Yery large , (Large|. Mediuw . Swall ?
; -1, Caniling River meanderés aliost pastward and forns wide valley- after
Hofes i Jeinting main teihutary

Geological Formation
& fge of Damsite

!
!
i
|

3

yke complex

. Balog-Balog Diovite {Late (ligocene} - Quartz dierite, _Diori te

. Zanhales Ultramarics ( Cretaceous to Eanly Edcene) - gahbm. Peridotite, Diabase

Dansite . Feservoir
Rock Type . Gabbro (Cretagesus to Early . . Gahbro, Peridetite, Diahase
and_fge Eogene? Lithology {Cretaceous 1o Earig Eocene)
of Heg Rock and Rge
1 . Dense and howogenous Mags with Aealagic . Sowe major landslides
Rock Quality rebatively high specific gravity =:2P§rml:§tme A Few are in the reservoir
. i
fold . Hinor faults trending NE-SH and BM-SE
Landslide)
Geologic . Hinor E-H trend fault is mi‘emﬂ i Slope + Probahly stable except landslide areas
Structige at right abutnent i Stability ) .
i % . Landsiide areas ave npt stable
i
i - .
Perneabilit i« Prohably watertight except Perseability | . Probably watertight
i rreability ¢ fragture zene .
% i ’ - Graund Hater
H 1 I
P i Thin resideal so1l with thin Sedinentation i . Less
t Qyerburden ;  debris cover
| ’ i
i :
.I H i C
i i . § Lacation . ountain ridge about 2 Joi northuest of dan
i : H s
! | Bock & Coarse | _ )
'. ﬂgmam , Rock Type . Diohase, partly nicro gablwro
[ j
i i L
I ; | Quality & Volawe | . Hard to very hand
i ! i
H 1
Construction | | Locatios . Biverbed of Cawiling River
] : . i
Mterials ool Matenial | 1
: I fuality & Voluwe | . River deppsits (sand, graveil
! H . . Hilly area abouf 7 Jw northeast of damn
{ Lacation - Cabaut 1w southwest of San Bantolowa)
L i ‘ :
Inpervioss | o) Tope. i+ Sandy clay deposit
, Material o - ’
: ; fuality & Voluwe i . Residual soil of sandstone and siltstone
; b : ) : Dan Construction
Genera_l Damsitef - fcceptable I Reservoir I ficceptabe / Poor Haterial ! Good
Assesenent o ) by o
: Sotes | Sone major landslides exist in reserwaiv
i ' g
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Pliocene-
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Upper Miocene~

Pliocene

Cligocene-
Miocene
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Eocene

Pliccene-
Quarternary

Pliocene-
Quarternary

Oligocene-
Miocene

Undifferen-
tiated

Neogene
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Fig.

BEDIMHENTARY ROCES
Alavinn, flerial asd beack deposity.

Marize and terrestrial sedimzpts, assoclated ﬁﬂ
reef limestosa.

targely warioe clastics overlziz by prroclastics aad
taffaceons sedimaatacy tecks.

thick, extesive marine deposits, larqely wsches,
shales and reef limestone, vaderiain by coaglumerate.

thick, extensive mariae deposits lazgely wackes )
and shales aseoeiated with winor cenglomsrate aund reef
limestons,

VOLCANIC ROCKS

Voleapic plain or voleanic piedment deposite,
chiefly preoclasties zaé voleanic debris at fast of volcanoes.

Yox-active coaes [gemeralfy andesite}, zise dacitic amd
sadesitic plugs,

Hostly sudmavioe aodesite and basalt flows,
" intercalated with pyroclastics and chastic sedimetary rocks.

Hetasarphosed submarine flows, largely spilites
and Dasalts. Oftes desigaated az "etavolcapics™.  Rost
epits probably Cratacecus apd Paleogese.

“INTRUSIVE ROCKS

Lacqely Mieceme quarte diorite. Mostly Yatholiths
aed steeks, inclode grazodiorite and diorite porpdpry faeies.

fndefferentiated cltramafic aud plutonic recis.
bredominantly peridotite assseiated wifh qabbro and diabase
dites.

GEOLOGICAL SYMBOLS

/z‘\“// Formational boundary

< High angle. fault

?6«56 Normal fault

LEGEND OF GEOLOGICAL MAP {AGRO RIVER BASIH)
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LEGEND
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At~ THRUST  FAULT
—c==2-  TRANSCURRENT FAULTY

Lok GRAVITY  FAULT
wmmeeses FRAULT {Linedrment )

.zsb,a

"Fig.2.3 MAJOR FAULTS IN PHILIPPINES

Source ' Rafer fo No. GL.0OI
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Fig.2.4 FOLD PATTERNS IN PHILIPPINES |
Sourcs * Reter to No. GL.0OO!
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1. INTRODUCTION

 Survey works has been conducted for the period of eleven {11} months from
March 1989 tb.January 1990. Survey works are broadly divided into two (2)
stages. Survey works in first stage were field operations which were carried
out during the. perliod from March 1989 to July 1989 .in. the Philippines.
Photogrammetric mapping in second stage was carried out in Japan up to January
1990, '

Works schedule of survey is shown in Fig. 1.1, and the quantities of survey

works are given in Table 1.1. Survey works conducted are described hereunder.
First Stage (Match 1989 - July 1%89)

(1) Data Collection e . _ .
{2) Preparation of the specifications on following survey wogks:
- Aerial photography
- Uncontrolled mosaic
- Leveling
~ Pricking
- Fiel classification
- River,suﬁvey:including longitudinal profile and cross section
(3) Contracts ;with -local survey ,contracﬁors for the -above survey
works . _ _ _ '
(4) Supervision of the above survey works

(5) Operation of GPS positioning in the field .
Second Stage (August 1989 - January 1990)

?hotog;ammetric mapping in the Second stage is consisted of following

works ;
(i) Aerial triangulation

{2) Photogrammetric mapping
(3) Inspection

-8V, 1«



2. DATA COLLECTYON AND THEIR REVIEW
Following data and information related to the survey works were collected.

(1) Ground control point
- Bench mark - ' : : BC & GS
‘Blevations, point descriptions, route maps '
- Triangulation BC & GS
Coordiﬁates, point descriptions, net work maps
(2) Philippines national grid system (Projection and geodetic elements)
- Technical Bulletin No.26° Bureau of Land '
- The triangulation of the Philippine Island BC & GS
(3) Sample of map legehd and survey result R
- Sample of map legend
Legend of BC & G$ (applied to 1/25,000 map)
Legend of DPWH (applied to' 17/25,000 map)
- Sample of river survey
Cross section DPWH
Longitudinal profile DPWH
(4) Existing survey results
- Topographic map
- 1/250,000 ‘topo-map (the whole project area) BG & GS
1/50,000  topo-map (the whole project areHS'BC & GSINAHRIA
1/4,000 topo-map (about 50Z covered) NIA S
- Aerial photography o '
1/60,000 aercphoto, 1981(the whole project“a:éa)'”AFPMC'”
1/15,000 aerophoto, 1974(about 90% covered) AFPMC
1/15,000 aerophoto, 1966-67(the whole project'aréa)'AFPMG

Geodetic standard considering. the above data and information was
decided as follows :
- Coordinates Philippines national gfid system

- Elevation mean sea level

Map legend and river survey standard were prepared according to the

samples of existing survey results.

-8V.2-



3. TOPOGRAPHIC SURVEY WORKS

3.1 Survey Works for Photogrammetric Mapping

(1) Aerial photography

- F.F.Cruz & Go., Inc. undertook:to take aerial photography in accordance

(2)

with the contract dated April 14, 1989. Aerial photography at a scale
of i=30,000 was proposed to.cover the area of 3,400 kmz. however this
aerial photography was not completed unfortunately due to unexpected
weather .condition within the éontract-period. Finally the 54X of the
proposed area was remained untaken.

In order to seolve this problem of aérial photography, the following

countermeasures were taken for photogrammetric works including

“uncontrolled mosaic and mapping.

(a) Existing perial photography
_Féllowing existing aerial photography were utilized instead of
uncovered mapping area by 1/30,000 scale photos.

- -iScale 1:60,000, taken in 1981 (the whole project area)
.- 8cale 1:15,000, taken in 1974 (about 907 covered)
- Scale 1:15,000, taken in 1966w57 {the whole project area)

{(b) 1/8,000 aerial photography
1/8,000 aerial photography was taken from low flight altitude
(1,200m in Elevation )} in order to cover the intensive area of
‘river channel where the annual transition is expected.

{c) Additional field classification by wused of existing aerial
photography at a scale of 1/60,000, 1981 was carried out to
complete new photographic information in the area where is not
covered by the merial photography of 1/30,000.

These countermeasures were completed on 20th of July, 1989,

Photo Control Survey

" Horizontal ‘control. survey was carried out adopting Global Positioning

System - (GPS) to determine geodetic coordinates for aerial

trianguiation.  Field operation of GPS was completed by survey experts

of the Study Team with close cooperation of counterparts. Leveling for

”ﬁertibal control including installation of provisional bench mark was

-SV.3-
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