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PLATE I-A
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A. View of Ambuclao Dam Site.
(Upstream Side)

I

B'. View on Downstream Side. Note
south steep slope of Spillway.
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ABSTRACT

Extensive geological investigations are

necessary in the solution of problems relAted to the

construction of a large earth dam with an underground

powerhouse. The objects of this thesis are to present

some of these problems, using Ambuolao Dam as an exam-

ple, to explain the methods of investigation, and to

demonstrate the control of geology concerning the loca-

tion and design of the principal engineering structures.

Detailed surface mapping, extensive diamond

drilling, trenching, test pitting, test shafts, tunneling,

and hydraulic sluicing were the methods used to obtain

adequate information regarding the nature of the founda-

tion rocks, Some of the problems required more than one

method of investigation, and the techniques varied

depending on the object of the examination and the geolo-

gic conditions.

The chotoe of a dam site must be based on

both engineering and geological factors. Certain geolo-

gic features, indicating an unfavorable location, may

be noted early in the investigation and unnecessary

delays and high construction costs are thus avoided.



ENGINEERING GEOLOGY PROBLEMS AT AMBUCLAO DAM SITE

BCOD, BENGUET, PHILIPPINES

CHAPTER I

INTRODUCTION

This report outlines the geological studies

necessary to enable sound engineering planning and to

solve foundation problems more adequately in the

construction of dams. The data used in this analytical

approach represent a compilation of observations made

under the supervision of the writer during the extensive

geological investigations at Ambuclao dam site from

September 1948 to April 1950.

Ambuclao dam is one of seven dams planned by

the government for the development of the Agno river

in northern Luzon, Philippines (Plate I). The project

involves a high earth- and rock-fill dam, a spillway

on the left abutment, an underground powerhouse, three

diversion tunnels, and a tail race tunnel about 2.38

kilometers long. The complex geologic structure at the

site necessitated very thorough geological studies of

the foundation rocks.

The dam at Ambuclao has a drainage area of

686 square kilometers, a storage capacity of 258,000,000

1
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cubic meters, and a net head of 171 meters at full

reservoir operating capacity. The plant will develop

75,000 kilowatts at an estimated cost of about 40.01

(U.S.) per kilowatt-hour.

Ambuclao dam, construction of which is now

in progress, has two significant features, namely: it

is the first major public project in the country which

made large scale use of geology to treat engineering

problems of design and construction; and this earth-

and rock-fill dam is the highest of its type ever

attempted in the Far East, a region known to be active

seismically. Therefore, the treatment of Ambuclao dam

as a case study in "Engineering Geology" is in order,
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Location and Accessibility

Ambuclao is approximately 16 kilometers, airline

distance, northeast from the city of Baguio (see Plate I).

The project lies within the municipal jurisdiction of

Bokod, sub-province of Benguet, Mountain Province, in the

island of Luson, Philippines.

The dam site is located at the river"s canyon,

which is 1.4 kilometers downstream from the village of

Ambuclao and 1.63 kilometers, river distance , upstream

from the intake of the North Luzon Power Company (Plate

III).

Two routes lead to Ambuclao, namely, the pro-
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vincial highway which passes through the town of Trinidad

and the access road through the Pacdal Circle. The

latter route has the advantage of controlled traffic

by the National Power Corporation in order to facilitate

travel of personnel, equipment, and supplies. Air travel

is scheduled daily, except Sundays, between Manila and

Baguio.

Engineering Studies

The early investigations of the Agno river

were conducted by the Philippine Bureau of Public Works

which was interested in the construction of several low

dams chiefly for irrigation purposes. The rivert's gorge

at Ambuelao was among those considered for power devel-

opment.

Before the outbreak of World War 11, the National

Power Corporation, then a division of the National Devel-

opment Company, took direct charge of the investigation

and planning of the river. The object was to construct

high dams at suitable sites. Preliminary studies indicated

that the constriction of the river at the present site

offers good possibilities for economic development. This

phase of the investigation was undertaken with the advice

of the United States Army engineers, of whom General
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Lucius Clay and General Hugh Casey took active part.

Engineering studies continued even during the

Japanese occupation period, and drilling was carried out

too at the old Itogon dam site. However, the Itogon

site was abandoned in 1949.

Positive action for the comprehensive and

coordinated development of the Agno river commenced soon

after liberation, when the government launched an ambi-

tious program of industrial development. The National

Power Corporation was created as a separate government

entity, and the act vested the corporation with authority

to undertake studies and to outline a program of hydro-

electric power development for the entire archipelago.

Several power sites were investigated, but the final plans

call for seven developments, of which five are located

along the Agno river and two on the Toboy river (Plate

II). The Ambuclao and Binga Projects were considered for

immediate construction. The post-war studies are being

undertaken with the advice and assistance of the Harza

Engineering Company of Chicago.

Geological Studies

The geological study of the Ambuclao dam site

started in September 1948 with a party of three geologists

from the Bureau of Mines. The nature of the investigation



was both reconnaissance and exploratory for the original

plans were already laid out (see Plate V), and drilling

was in progress too. Suggestions for the conduct of the

early phase of the work was given by Mr. Earl K. Irving,

whois a technical consultant for the bureau and who

stayed in the project for one week during the later part

of 1948.

In March of the following year, Kr. Irving B.

Crosby came to the Philippines. Mr. Crosby examined

four dam sites along the Agno river in Luzon and all

the project sites in the Agus river, Mindanao for a

period of two and a half months. It was during this

visit that the consulting geologist and the resident

geologist outlined a more detailed surface mapping and

drilling program to cover areas which have significant

bearing on the projected engineering structures at

Ambuclao and Binga. About the same time, Mr. C. K. Willey,

staff engineer of the Harza engineering firm, required

a number of drill holes for design purposes.

Mr. Crosby came back in 1950, and he spent a

period of over a month at Ambuclao and one week at the

Maria Cristina Falls Project in Lanao, Mindanao. It

was during this second trip of the consulting geologist

and of the consulting engineer, Mr. Leroy F. Harza,

that the designs for Ambuclao dam were finalized. An

additional program of investigation was outlined to



evaluate the structural feasibility of the new plans.

The writer had direct supervision of all

geologic fieldwork until April 1950 for both th-Atbuclao

and Binga Projects which were concurrently investigated.

Periodic visits were also made to Ambuelao in the early

part of 1951 during the construction of diversion tunnel

number 10 and the tail race tunnel. Moreover, the writer

assisted Mr. Crosby in all field trips to the various

projects of the National Power Corporation. Up to the

present time, Mr. Crosby is retained as the consulting

geologist of the corporation.

Previous to 1949 there had been no geological

study of the dam site at Ambuclao. The only portion of

the Agno river examined was the old Itogon site, which

is located below the Twin river junction. In 1940 to

1941 Mr. George H. Remmer, then geologist of the National

Development Company, directed the investigation of the

Itogon site and recommended some drill holes on both

abutments of the proposed dam. Drilling records are in-

tact, but no geologic maps are available. The writer

examined the project in 1949 and observed certain serious

foundation problems. A fault, with over 12 inches of

gouge, crosses the axis of the dam, and numerous shears

traverse the spillway site (Plate IV). In addition,

silting of the reservoir from mine tailings will cause
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added difficulty. The major producing gold mines in

the Baguio district dump their mill tailings into the

headwaters of the Twin river, which joins the Agno

river above the site of the proposed Itogon dam. Thus,

the old site was abandoned, and the Binga site, 3.5

kilometers upstream from the former, was adopted instead,
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CHAPTER II

MIETHODB OF INVESTIGATION

General Considerations

The fundamental consideration in all geological

studies of dam sites is to evaluate the suitability of the

supporting rocks in relation to the projected engineering

structures. In essence the appraisal is simply a judi-

cious prediction on how the foundation rocks wold react

under the new conditions or after the completion of the

dam. Methods and techniques vary depending upon the

object of the examination and the geologic conditions.

It is not unusual to employ related methods to solve a

particular problem. For instance, during the drilling

of holes 32, 38, and 54 the percentage core recovery was

low. Consequently, test shafts were sunk to examine the

undisturbed condition of the rock. In another case,

hydraulic sluicing was employed to remove the overburden

on the steep south slope of the spillway site after

drilling failed to yield the required information.

The Tennessee Valley Authority6 has grouped

geological investigations under preliminary, exploration,

and construction stages. The scope of the geologic work

in each stage is defined. Mr. Irving Crosby1 , on the

other hand, has classified three different types based
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on the object of the examination as follows; reconnais-

sance, feasibility, and complete investigation. Mr.

Crosby mentioned that the objectives are not always

clearly defined, and a reconnaissance may pass through

the different stages as the project develops. This

statement ppples-patticularly to the work at Ambuclao,

for the reconnaissance and feasibility studies were

made almost simultaneously.

Surface Geologic Mapping

Mapping of the different rock types and of the

geologic structures was started at the dam site (Plate VI).

This included the canyon walls on both abutments, the

spillway site, the diversion tunnels, and the powerhouse

site. The base map used has a scale of I1 : 1,000. The

work was then extended to cover the area from the rim of

the reservoir to the tail tunnel outlet. This latter

mapping was carried on transit survey traverse sheets

with a scale of 1 : 1,000, and the observations were

subsequently transferred to a composite map (Plate III).

For purposes of regional correlation, the provincial

road towards Baguio was mapped as far as Km. 214.

The scale of mapping varied with the details

and accuracy demanded. In the vicinity of the dam,

many of the maps were made on a scale of 1 : 1,000,
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others were carried on 1 : 50. Regional mapping was done

ns scals of 1 :10,000, 1 : 13,000, and I : 20,000;

the scale of 1 : 13,000 is based on aerial stereo-

comparagraph sheets.

The location of points on the ground was

largely determined by pace and compass traverses. The

projected engineering structures were first staked on

the ground to obtain good control. Compass and tape

measurements were used to tie important observations to

survey monuments. But on the abutments of the dam and

on the north and south slopes of the spillway, the

location of contacts, faults, shears, and joints was

determined by ttansit and stadia.

It will be noted that formational contacts on

the left bank of the river are very irreeular. Further-

more, the hill slopes are unusually steep and the river

banks are precipitous. A technique followed in mapping

these steeply sloping areas was "contour trailing".

Trails were constructed at 15-meter intervals from the

level of the river to elevation 756 meters which is the

crest of the dam, Change in the type of rock is shown

by change in color. Diorite is whitish to yellowish

white, while the metamorphics are reddish when weathered.

Trenching

Trenching was frequently used to explore the
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nature of contacts, faults, joints, or other geologi$

structures of weathered outcrops. The proressive changes

of weathered formations are best studied by trenches.

This method is suited to exposures occurting along

gentle slopes and lying under a thin soil cover. Hence

the vertical range is limited. Trenching is an auxiliary

technique to surface seologic mapping.

Test Pitting

Test pitting may be either a primary or an

auxiliary technique of examination. This is effective

where the vertical rather than the horizontal extent is

an important consideration, or where trenching becomes

impractical.

Test pits were primarily used in the investi-

gation of decomposed and disintegrated rocks needed for

earth-fill in the dam. There were 47 pts excavited

in Borrow Areas 1 and 1-B. The distribution of the -pits

was controlled largely by the topography and the area

of influence which a pit will carry in the computation

of reserves. Test pits were also sunk along the abandoned

river channel that surrounds the"sombrero" (Plate III)

and in many river terrace deposits upstream from the

dam site,

Depth of bedrock under river gravel was also
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determined by test pits. Test pitting was an auxiliary

method to diamond drilling. It had been the usual pro-

cedure to excavate a pit prior to drilling in order to

overcome the difficulty of driving standpipes through

the gravel overburden.

Test Shafts

Sleven test shafts were eufl to delineate the

sheared zone on the left abutment of the dam (Plate VIZ).

The weak sone was first noted in drill hole 26 which

showed very poor core recoveries, in addition to thick

sludges that accompanied the return water. The sheared

zone was encountered again in drill hole 38 where practi-

cally no core was obtained throughout the drilling depth.

The areal disposition of the test shafts shows

two trends; one set follows the base of the diorite bluff

along a northeast-southwest direction, and another set

encircles the gully area on the north slope of the

spillway site.

Test shafts were employed in conjunction with

diamond drilling in order to examine the rocks in their

undisturbed state and on a much larger scale than that

afforded from the study of drill cores. However, calyx

drills6 are preferable to test shafts when the rocks to

be penetrated are hard, particularly the diorite in
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TS - 3 and TS - 4 (see Plate VII).

Tunneling

Objectives in tunneling differ. The purpose

of the test tunnel on the right abutment, near drill hole

12, was to determine the maximum opening that the meta-

morphies can stand unsupported and to lay out a scheme

of tunnel driving and enlargement to attain a full size

which is 7 meters wide at the base, 7 meters high, and

10 meters long. This exploration test was undertaken

before the construction of tunnel number 10. A pro-war

prospect tunnel, located 40 meters south of the saddle

at the first bend of the river below the dam, sgve added

information on unsupported rock openings through un-

weathered metamorphics.

The test tunnel in diorite lies 160 meters

north of drill hole 66, at contour 675 meters. The

objects of the test were to determine the depth of

weathering, the type of drill cut, the amount of blasting

powder required, and the manner of breaking of the

diorite for quarrying operations. Test on the maximum

opening that the diorite can stand unsupported was not

carried out, for the North Luon underground powerhouse,

1.63 kilometers downstream from the dam site, is in

diorite country rock. The underground chamber was
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constructed 20 years ago. It has a maximum span of

seven meters and the roof is unlined with a very flat

arch.

The suitability of test tunnels is restricted

to rock outcrops along fairly steep slopes so as to

avoid drainage and haulage difficulties. Tunnels may

also be used to delineate weak zones or other struc-

tures of the rocks at deeper levels.

Diamond Drilling

Foundation exploration at the Ambuclao dam

site was chiefly undertaken by diamond drilling (Plate

VII). A total of 89 holes, with a footage of nearly

23,000 feet, had been drilled by June 12, 1950. The

drill bits used range from EX (1-7/16") to NX-casing

bit (4").

The narrowest section of the gorge was ex-

plored by two overlapping inclined holes, 24 and 25,

and a vertical hole, 40, at the center of the river.

Holes were drilled along the axes of the dam, spillway,

and coffer dam. Critical areas along tunnel lines were

also drilled. In the exploration of a powerhouse site,

drilling was usually extended five meters below the

lowest elevation of the proposed underground excavation.

Formational contacts and weak zones were
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explored by both vertical and inclined drill holes. The

number, distribution, orientation, and depth of holes

are based on previous geologic findings. Hence, no

definite drilling pattern was followed.

Four drills were in continuous operation at

the peak of the investigations. Three crews worked on

8-hour shifts. Drill inspectors were assigned to take

proper care of the cores and to note drilling observations,

such as the nature and amount of return water, rate of

drill penetration, caving in of the holes, chattering,

and various other features which reflect the condition

of the formation being drilled. Drilling data are then

presented in the form of graphical logs (Plates VIIL-A

and VIII-B).

Diamond drilling is quite an expensive method

of subsurface exploration, and an exhaustive analysis of

the problems is required before a drill hole is recom-

mended. It was observed, for example, that the engineers

are likely to distribute drill holes along a straight

line and at regular intervals due to an incomplete

understanding of the geology*

Water Pressure Tests

For the determination of the relative permea-

bilities or water tightness of the rocks, water pressure
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tests were performed immediately after a hole had been

completed.

The apparatus consists of five- or ten-foot

length of perforated G. I. pipe with replaceable rubber

seals on both ends. The equipment is attached to water

pipes which are lowered into the hole. Water is supplied

by a centrifucal pump, with water gages installed at the

collar of the hole in order to register the pressure and

the amount of water flowing in. A pressure of 50 psi

(pounds per square inch) is maintained for the first 10

minutes and 100 psi for the succeeding 10 minutes. For

holes that are dry or above the water table, water is

pumped continuously for 20 minutes so as to effect

saturatiOn of openings in the rocks before the start

of the test. The test may progress upward or downward.

Colored Solution Test

Fluorescein solution was used in two tests made

to trace the path of leakage from drill hole 25. The

tests were undertaken for water table measurements indi-

cate an abnormal relationship between the river level,

on one hand, and the elevation of the water table In

hole 25, on the other, Under normal conditions, the

water table rises gradually above the level of a stream

towards a hill. But in the case of hole 25 which lies
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very close to the edge of the river, the water table is

lower than the level of the river. An average difference

of 14.48 meters was recorded for the month of July 1949

and 13.41 meters for August of the same year.

The standard solution was prepared by dissolving

separately in sufficient amounts of water 0.5 kilogram of

fluorescein and 0,7 kilogram of hydrous sodium carbonate.

The two solutions were mixed to form a pregnant solution.

Afterwards known quantities were diluted to varying pro-

portions so as to establish the different colors at the

different concentration ratios for purposes of comparison.

The standard solution used for the test had a concentration

ratio of 1 : 1,100, with a btight.gre*n clor.

The colored solution was pumped into the hole

at the rates of 55 and 75 liters per minute under respec-

tive pressures of 60 and 100 psi for the first test, and

50 liters per minute at 50 psi for the second test. The

limited amount of fluorescein solution prevented contin-

uous pumping for a duration of 24 hours recommended by

the consulting geologist. Instead, water was pumped for

the remaining portion of the time so as to displace what-

ever fluorescein solution might have been retained in

the crevices of the rocks.

Water Table Measurements

Daily observations are made on the elevation
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of the water table. Measurement is usually accomplished

by lowering into a hole a one-quarter inch Manila rope

with a lead weight at its end. For more accurate

measurements an electrical apparatus is used. Two termi-

nals of a 220-volt line are encased in a G.I. pipe, and

this instrument is lowered into the hole. As soon as

water is reashed, a closed-circuit results, thereby

lighting a 50-watt lamp provided for at the collar of

the hole.

The elevation of springs on both abutments and

along the trail to Bisal was established by transit and

stadia. Furthermore, variation in the volume of flows

was recorded to note the effect of climate.

Hydraulic Sluicing

Poor core recoveries at the spillway site neces-

sitated other means of examining more fully the charaeter

of the underlying rocks. A test pit was sunk on the north

slope and "contour trailing" was employed on the south

steep slope to delineate contacts. In addition, hydrau-

lic sluicing was undertaken in two sections where the

spill water has been designed to course through (Plate

VII).

Hydraulic operations started from the highest

point on the south slope, and a channel was cut down to



relatively fresh exposures. The weathered mantle was

thus removed and a continuous outcrop from the top of

the left abutment ridge to the level of the river was

exposed to detailed study.

Soil Testing

During the early phase of the investigation,

soil samples were shipped to the National Power Corpora-

tion's laboratory at Caliraya, Laguna, where the first

earth dam was constructed by the corporation. Before

the close of 1950, however, all soil tests were being

conducted at the project site.
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CHAPTER III

GENERAL GEOLOGY

Physiography

The Agno valley occupies the southwestern

flank of the Central Cordillera of northern Luzon. The

region is characteristically rugged, with the higher

ranges lying between 6,000 and 8,000 feet above sea level.

The highest peak, Pt. Pulog, has an elevation of 9160

feet. It is located 25 kilometers northeast of the pro-

ject site. The river elevation at the dam site is

slightly over 2,000 feet so that the relief of the region

varies approximately from 4,000 to 6,000 feet.

The Agno river system, comprising the main

drainage trunk of the region, has a general southerly

course for a distance of 110 kilometers and emerges from

the mountainous area at San Manuel, Pangasinan on the

northern extremity of the Central Plain of Luzon. From

San Manuel, the river courses through alluvial deposits

in a roughly semicircular are, for an additional stretch

of over 150 kilometers, to Lingayen Gulf on the west

coast of Luzon.

Streams tributary to the Agno river possess

high gradients, precipitous banks, and numerous cascades

and waterfallt. Many of the tributary streams display
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cirque-like depressions at the headwaters which resulted

from flushing by mud flows and rock slides. Deep tropical

weathering, very steep slopes along valley walls, and

heavy precipitation are the principal factors which cause

the transportation of considerable quantities of detritus.

The maximum rainfall on record for the Baguio district

is 48 inches for a period of over 24 hours and 109 inches

in four days during one of the severe typhoons.

According to Dickerson (1923)3, Willis (1937)9,

Leith (1937)5, and others, the topographic development of

the region resulted from the combined effects of at least

four factors, namely, the frattured nature of the differ-

ent rock units, high elevation relative to the surrounding

areas, geologically recent uplift, and exceptionally high

annual rainfall with maximum precipitation from August

to January.

The city of Baguio, elevation 4500 feet, is

situated upon a high level surface that was called a

peneplain by Dickerson. Willis described this erosion

surface as an "oldland# for a number of high peaks rise

above it. The Trinidad valley and the Baguio airport

are two of several terrace levels that lie below the

"oldland" surface. Poorly consolidated clays, silts,

sands, and gravels occur as discontinuous deposits on

the different erosion levels. These terrestrial sediments
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were not encountered in the vicinity of the dam site

at Ambuclao.

A matureland surface is clearly recognizable

from the accordant ridge summits at Ambuclao (Plate III).

Thus, it indicates that the Agno river previously flowed

in a mature river valley whose floor elevation is approx-

imately 1,000 feet above the level of the river at the dam

site. It was probably during the aggradational stage in

the development of the mature valley that the ri'ver

acquired a meandering course, which became entrenched into

the underlying rocks as a consequence of later uplift and

renewed erosion. Certain modifications of the meander

pattern may have occurred during the process of entrench-

ment, but the present course of the river appears to have

no significant relation to major geologic structures.

For instance, at the bend of the river just below the axis

of the dam, bedding and cleavage in the metamorphics

trend northeast-southwest while the downstream flow of

the river is northwest or at right angle to the structures.

Regional Geology

The region is underlain by an unknown thickness

of metamorphosed volcanics and sediments, with intrusions

of diorite, granodiorite, dacite, and basic dikes. The

basement rocks upon which the metamorphics must have been
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laid are not recognized in the area. Fossils are absent

in the sediments intercalated within the .netavoloanics,

and the exact geologic age, therefore, is not known. On

the other hand, the relative age of the intrusives is

determined by geologic relations. In the absence of

direct or crosscutting evidence, correlation has been

tentatively inferred from igneous textures based on the

Rosenbusch classification and from mineralogical composi-

tion based on the reaction principle in a given igneous

cycle.

It is often difficult to distinguish the meta-

morphosed sediments, particularly the meta-graywackes,

from the metavolcanics. Thus, the metamorphica were

mapped as one formational unit. Basic dikes, too, may

not be easily differentiated from the metavolcanics

unless structural and hydrothermal criteria are used,

The series consists of a thick metavolcanic

sequence with interbeds of metagraywackes, quartsites,

reddish shales, and cherts. The metavolcanics are chiefly

andesitic in composition, but basaltic and gabbroic

types are also noted. Agglomerates and tuffs are

occasionally represented in the metamorphosed volcanios.

Fracturing is a prominent feature of the series, and the

rocks break upon disintegration into polygonal fragments
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of hiehly variable dimensions. Spidotization is another

characteristic feature. IEpidote occurs.as crias-orosSn

veinlets, disseminations, clots, and irregular masses that

measure up to several feet. A reddish brown soil of

varying thickness mantles weathered exposures, and the

recognition of this type of alteration products is a use-

ful guide in mapping the different formations in the

tropics.

The metavolcanies display Various shades of

green, gray, brown, and red depending upon the state of

weathering. Dense, fine-grained varieties with a fairly

uniform composition are pommon, but certain of the recrys-

tallised metavolcanics, particularly those found adjacent

to the plutonic intrasives, show a coarse-grained to

porphyroblastiv texture. Banding is uncommon, and fresh

outcrops of the dense varieties exhibit a fairly uniform

aspect. Relict amygdaloidal structures are sometimes

noted, Pillow lavas, measuring from 6 to 30 inches, are

seen in two localities, namely, along the north fort of

Siwisiwan creek, about 1 kilometer east of the mountain

trail at Km. 21, and on the left bank of the Agno river,

four kilometers upstream from the suspension bridge at

Barrio Langayan.

The metasediments ooecur as narrow out croppinga

in widely separated areas. In general, they lack areal

continuity and lose identity even for short distances
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alone their strike. With the exception of the red shales

and cherts, the recrystallized graywackes are not unlike

those of the finely porphyritic metavolcanics. Varicolored,

thin-bedded sediments outcrop alone the left steep bank

of the river, one kilometer east of Ambuclao. The rocks

are composed of red and green cherts, impure quartzites,

recrystallized tuffs, and metajraywackes. Under direct

sunlight, an observer notes a spectacular display of

colors. The sediments strike N 100 - 300 E and dip 600

to 800 S. Red shales crop out along Langayan river, an

easterly tributary which joins the Agno river just above

the Barrio of Ambuclao. The shales are reSularly bedded

with a uniform thickness of about one inch. The beds are

folded along a NS-SW axis. A third exposure of the meta-

sediments is seen on the right bank of the river above

the North Luzon Power intake, The rocks are principally

metasraywackes which are easily confused with the enclos-

ing metavolcanics. Bedding shows as faint traces but

becomes well discernible by standing at a convenient

distance away from the outcrop. The strike is X 100 - 200 Z

and the dip varies from 400 to 600 W. On the Laboy river,

the sediments consist of dark gray, fine-grained quartzites

which are occasionally pyritiferous. In this area the

sediments strike N 250 - 450 E, dipping 300 to 50* SS.

Alone the provincial road between Laboy and Im. 21, the

sediments trend a few degrees east or west of north and
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dip Sently to moderately on either side. In some of the

exposures near the diorite contact at the dam site, the

sediments are rendered slightly schistose within very

limited sections. The cleavage strikes N 400 E and dips

450 to 650 NW.

Diorite

Diorite is the oldest recognizable intrusive in

the area. Basic dikes and aplites of granodiorite type

cut the diorite at the dar site. The rock is greenish-

gray when fresh and possesses a medium-grained texture.

A porphyritic texture has been noted along contact zones

and in smaller diorite bodies. In these localities quartz

may be wanting. Diorite weathers to a creamy white clayey

mass, and this type of alteration product serves as a

valuable criterion in mapping concealed diorite exposures.

"Under the microscope4, the rock possesses a

hypidiomorphic to allotriomorphic granular texture and is

estimated to be composed of 50 per cent plagioclase (An45 );
20 to 56 per cent brownish green hornblende (Z: blue green,

X a tan) or its alteration products, chlorite; 10 to 18

per cent anhedral quartz; and 2 per cent accessory iron

ore minerals, and secondary sphene, epidote, and calcite."

Diorite occurs in three more or less linearly-

arranged zones and consequently separates the metamorphics

into three northeasterly trending belts. Two of these
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belts lie very far from the dam site and are not shown

in the composite map. The largest body underlie the major

part of the project area (Plate III). The second belt,

which has a mazimum width of two kilometers, outcrops

along the road to Barrio Laboy, 3 kilometers east of the

dam site. The third belt comprises a dike complex near the

summit of the ridge at Em. 21. Contacts with the metamor-

phics, as a general rule, are sharp but very irregular.

Engulfed blocks of the intruded rocks are abundant, Rig-

matites are common along contact zones with the bedding

and cleavage structures usually preserved. Petamorphism

of the volcatics and sediments is mainly due to the diorite

intrusion.

The diorite is quite susceptible to weathering,

but below the water table the rock is massive and strong.

An understanding of this phenomenon has very important

engineering implications especially in the design of under-

ground structures that recuire excavations of considerable

dimensions.*

Granodiorite

A northeasterly trending, lens-shaped grano-

diorite dike cuts the metamorphies west of the dam site.

It is approximately three kilometers long and attains a

maximum breadth of 500 meters at the road cut west of

Barrio Ambuclao, The extension of the dike to the north



29.

is not shown on the map. The lena tapers gradually and

its southern portion terminates at the hill on the right

abutment of the dam. In this locality, the contact with

the metamorphics is marked by a spring (Plate VI). Along

the Laboy river, about one kilometer upstream above its

confluence with the Agno river, several dikes of grano-

diorite, with knife-edge contacts, traverse the metamor-

phics. The granodiorite, in turn, is cut by basic dikes

that follow major joint systems in the host rock.

"Under the microscope the rock is coarse-

grained and possesses a hypidiomorphic-granular texture.

The minerals occur in the following proportions; plagio-

clase (An36 ), 50 to 60 per cent; quartz, 25 to 30 per

cent; orthoclase, 5 per cent; brownish green hornblende,

in part altered to chlorite, 4 per cent; biotite, 3 per

cent; iron ores, sphene, calcite, epidote, and decompo-

sition products, 2 per cent. The plagioclase is of

particular interest because most of the grains possess a

pronounced inner core which is markedly euhedral. The

more basic cores are partially altered and are surrounded

by a dark sheath containing minute inclusions at their

outer edges. Surrounding the cores is a thict layer of

optically continuous younger plagioclase that is sub-

hedral to anhedral with respect to the other minerals,

and is of slightly more albitic composition. The quartz

exhibits undulatory extinction and some feldsparilaths
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are slightly bent."

The areal disposition of the granodiorite

conforms to the regional trend of major geologic struc-

tures. The principal engineering implication of the dike

is the possible leakage that may occur along its contact

with the metamorphics.

Dacite Porphvrx

Dacite porphyry is composed of feldspar and

quartz phenocrysts in a very fine-grained matrix. The

most distinctive feature, which permits easy identifica-

tion in the field, is the prominent development of

bipyramidal quartz, i.e., two hexagonal quartz prisms

which are joined at the bases. A single crystal may meas-

ure as much as 18 mm. along the c axis and up to 12 mm.

across. The feldspar phenocrysts are also well developed

but are much smaller than the quartz crystals. The fine-

grained groundmass suggests rapid cooling, and this is

interpreted to be the result of emplacement under a

shallow cover.

"Under the microscope4 the quartz phenocrysts

are slightly resorbed and the crystals are bordered by a

reaction rim of minute plagioclase grains. The quartz

contains curved lineal trains of bubbles but in general

the crystals are fairly free of other mineral inclusions.

In fresh specimens the feldspar phenocrysts are sharply
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defined and quite glassy. Many show strong zoning, and

occasional bands of reversed zoning are noted. The basic

cores are determined to be An33 but the outer rims and

much of the unzoned plagioclase are An28. The rock for-

merly possessed small phenocrysts of hornblende, but these

are now completely altered, commonly in parallel orienta-

tion, to brownish green chlorite which contains numerous

inclusions and some irregular patches of calcite. The

groundmass is composed of fine overlapping and mutually

interfering grains of plagioclase and quartz through which

small grains of chlorite and abundant iron ore minerals,

some of which under reflected light prove to be pyrite,

are interspersed. "

Dacite porphyry outcrops along two ill-defined,

northeast trending belts west of the project area. Only

the eastern section of one of these belts is shown on the

map (Plate III). Blocks of the metamorphics are included

in the dacite porphyry, and the latter, in turn, is intruded

by basic dikes. The summits of the ridges underlain by

dacite porphyry show clay accumulations which are excellent

materials for the impervious core of the dam.

Basic dikes occur as thin bodies which filled

major joint systems in diorite, granodiorite, and dacite

porphyry and cleavage planes in the metamorphics. Their
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continuity and attitude are controlled, therefore, by the

pre-existing openings in the country rocks. The dikes

seldom measure over five feet thick. Although the borders

are characteristically chilled, texture shows a gradual

transition from glassy at the edges to finely porphyritic

at the central portion.

"Under the microscope4 the rock consists of

small, strongly altered, feldspar phenocrysts which are

imbedded in an intergranular groundmass of augite and

feldspar microlites. The plagioclase phenocrysts (An 7 2 )

show resorption by development of feldspar microlites

and pyroxenes, and contain secondary chlorite, calcite,

and occasional epidote grains. The augite possesses an

estimated 2V of 150 and is therefore pigeonitic in com-

position. Although the groundmass contains considerable

alteration products, the ferromagnesian minerals are

essentially free of alteration. Besides sparse opaque

minerals, the groundmass contains a generous sprinkling

of chlorite, calcite, and epidot4e. The reck is basalt."

Summit Sediments

Tertiary sedimentary rocks have not been

recognized in the area studied. Of particular interebt,

however, are the horizontally bedded clays, silts,

arkosic sands, and gravels that lie on diorite and meta-

morphics along the summits of the ridges at Km. 21.
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Cobbles of both basement and young volcanic types are

represented. This would indicate that the summit deposits

are younger than the later Tertiary voloanios. The sedia

ments are of terrestrial origin and may have been deposi-

ted upon a flood plain related to the development of the

Bauio "oldland" surface.

Geologic Structure

The bedding structures observed from widely

separated outcrops of the metamorphosed sediments show a

general northeasterly trend and may dip gently to steeply

to the east or west. Cleavage, faults, ahd shears-show

slight deviations from the regional strike of the bedding.

The diorite and granodiorite are -really disposed along

belts more or less paralleling the NE-SW structure.

Furthermore, the dacite porphyry, which appears to be

related to a much later igneous activity than the plutonics,

occurs also in rudely-defined belts that conform to the

major geologic structures. It appears that the metamor-

phics were subjected to oro6enic compression that developed

folding along N 150 E to N 300 E axes, and judging from

the areal distribution of the igneous rocks, intrusions

of the diorite, granodiorite, and dacite porphyry may have

been largely controlled by the weak zones developed during

the orogeny.

Numerous shears traverse the metamorphics,
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particularly those which underlie the abutments of the

dam. However, the magnitude of displacements can not be

determined for lack of any reliable reference plane.

Two major faults, one strtking nearly N-S and another

trending N 350 W, were delineated by an extensive drilling

and test pitting program on the left abutment of the dam

Plates VI and VII). The faults apparently intersect at

hole 38 where the rocks are ground up to a gougy mass.

Contacts between the metamorphics and the

intrusives are usually sharp but very irregular. The

plutonics send numerous dikes and tongues into the meta-

morphics. Blocks of metamorphics occur as xenoliths in

the diorite, granodiorite, and dacite porphyry. Diorite

bodies which completely surround fragments of the chlori-

tized metamorphics usually display a greenish-tineed rim

along the contact zone. This probably resulted from the

partial melting of the xenoliths at the borders. Lit-

par-lit injection gneisses characterize the metamorphics

especially near the contact with the diorite at the banks

of the gorge.

The flat-lying attitude of the summit clays,

sands, and gravels suggests that major uplifts which

elevated the ranges of the region are essentially vertical.

Geologic History

It was pointed out that fossils are absent in
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the sediments interbedded with the metavolcanies. More-

over, it seems very unlikely that any contained fossils

could have remained unaltered when subjected to tremendous

pressure and heat accompanying orogenic movements and

plutonic intrusions. At best, therefore, the events can

only be stated in a chronological order.

First, one must assume the existence of basement

rocks upon

deposited.

of lavas.

periods of

dominantly

dicated by

tuffaceous

which the older volcanics and sediments were

The next event was extensive, periodic eruptions

Sediments were deposited during intervening

quiescence. Although volcanism appears to be

of the quiet type, explosive outbursts are in-

the presence of occasional agglomeratic and

beds. Interbedded cherts and pillow lavas

suggest subaqueous deposition of some of the volcanic roks.

The third episode is represented by orogenic

movements with folding along a general NE-SW axis. In-

tense fracturing and major faulting in the metamorphics

probably took place during this period.

Orogenic disturbance was followed by diorite

intrusion along the deformed belts. The volcanics and

sediments must have been hydrothermally altered during

and after the diorite intrusion.

Intrusion of the granodiorite dike followed.

Its attitude may have been controlled by strong NE-SW
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shears in the detomed metamorphi.es.

Surface Irregularities which resulted from the

orogenic disturbances and the plutonlc intrusions were

rapidly eroded.

Following this period of erosion, dacite por-

phyry was intruded presumably under a relatively thin

cover. This Intrusicn is interpreted as the start of the

late Tertiary volcanism in the region.

The last episode of volcanic activity is repre-

sented by the intrusion of basic dikes. flsewhere in the

Bacuio Gold District, this period is marked by basalt

flows.

Extensive land degradation followinE the last

phase of volcantc activity developed a relatively low-level

area, which may be correlated with the Bagutc "oldland"

surface. The unconsolidated gravels, sands, and clays

must have been depostted durIng the later part of this

erosion cycle.

A sharp vertical uplift of at least 4,000 feet

took place, with the formation of consequent streams.

Increased stream gradients promoted vtgorous erosion that

subsequently developed a matureland topography. The Agno

river must have acquired a ieandertng course late in this

stage.

The matureland was then uplifted by at least

1,000 feet in the present section of the dam. The Acno
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river incised its meander pattern into the underlying

rocks. lsvatton of the area enhanced weatherIn pro-

cesses. Streams acquired greater erosive capacity, and,

even today, the Acno river carries a oonstderable load of

detritus especially alfter torrential downpours.

The metamorphies of the Ambuclao area show Very

striking similarities to the metavolcanics and mtasediments

associated wIth the basement complex that underlies the

SIerra Madre range east of the Martkina zraben, a few

kilometers northeast off Manila. In the latter localIty,

lower liocene clactios and limestones unconformably over-

lit the basement complex. In the Island of Maritnduque,

the metavolcanics and associated quartzttes lie under

early Tertiary imestones. In the Surigac Gold District,

the mstamorhoned volcanies and seimentary roca are

ovnrlain by Zooene Limestons. The metamorphics at Ambuclao

are tentatively dated as pre-Tertiary. It Is understood,

however, that litholocic similarity and degres off meta-

morphism are unreliable criteria for recional correlation.

Geology at the Dam Site

Four rock types, namely, metamorphica, diorite,

granodiorite, and basic dikes, underlie the dam site and

vicinity (Plate VI) . The west nal of the zorse con-

state prIncipally of metamorphies, with diorite and basalt

F=
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at the downstream end. The left abutment is underlain

by a very complex contact zone of metamorphics and diorite.

Granodiorite dike, striking N 250 and dipping 404 to 500

W, cuts across the saddle of the right abutment ridge.

Fracturing is characteristic of the metamor-

phics and may range from microscopic to large scale,

Fractures and slips have a prevailing NS-SW trend and dip

steeply to the northwest (Plate VI). Bedding and cleavage,

although these are not prominently developed, follow the

same orientation, so that the magnitude of any displace-

ment is difficult to ascertain. Joints and slips in the

diorite, on the other hand, are well developed along a

NW-SS direction and dip either NS or SW. Thus, the geolo-

gic structures at the dam site form two principal trends

which are areally disposed at almost right angle to one

another. The NE-SW set, which is usually associated with

the metamorphics, probably represents a comparatively

older system than the NW-SE set commonly observed in

the diorite.

A complete cross-section of the rocks under-

lying the gorge was obtained by two overlapping inclined

holes. A study of the cores show that no fault of

importance crosses the axis of the dam (Plates IX-A and

IX-B).

The spillway structure is located on fractured

and partly disintegrated metamorphics (Plate IX-B). A
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swarm of diorite dikes traverse the metamorphics (Plate

IX-E). Highly sheared metamorphics underlie the gully

area north bf the spillway site. This partly disintegra-

ted zone measures 130 meters wide and extends down as far

as the depth of drilling (Plate X).

Two major faults have been inferred from drill-

ing data. The faults are located at the upstream toe of

the dam and seem to intersect in the neighborhood of drill

hole 38. The NW-SS fault is terminated by a cross-fault

at the hea of the gully where the stream makes a sharp

turn towards the north. The other fault, trending almost

N - S, appears to have terminated as parallel shears in

the metamorphics at the spillway site. Another fault of

importance, which shows eight inches of gouge, was seen

on the west wall of diversion tunnel number 10. It strikes

N 5Q0 W and dips vertically.

Hill slopes are commonly very steep. Under-

cutting by the river produced declivities of 450 to 900.

Weathering of the diorite develops a more or less even

surface, but the metamorphics, by contrast, display a

jagged surface. It is well to emphasize the fact that

weathering proceeds at a relatively faster rate along the

joints or other structural planes. This explains the

irregular thickness of the soil mantle.

Fractures or other openings situated within

the zone of oxidation are usually filled with clay and



40,

are fairly water tight. Joints and faults intersected

by diversion tunnel 10 do not show any serious leakage.

Both the diorite and metamorphics are hard and sound,

even if fractured, below the water table where they are

protected from chemical decomposition.

Of special physiographic interest is the

meander cut-off around the "sombrero" area southeast

from the dam site. This ox-bow has a thick accumulation

of loosely-compacted clay, silt, sand, and gravel, It

is listed as one of the possible sources of the earth

fill.
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CHAPTER IV

ENGINESRING PLANS AND GEOLOGICAL S0ONSIDERATIONS

Early Development Plans

The original plan was for an earth- and rock-

fill dam with an inclined clay core, one diversion tunnel,

a spillway on the right abutment, and a tunnel intake to

a downstream powerhouse (Plate V).

The tunnel intake for the power units starts

from the granodiorite at an elevation of 720 meters and

crosses the right abutment ridge in a southwesterly direc-

tion up to a point west of the camp site. From the last

point, the tunnel has a southerly course as far as the

powerhouse site, ich was to oe located on the right bank

of the river below the outlet of the North Luzon Power

plant.

After a preliminary geological investigation of

the abutment areas and the tunnel routes, modifications

of the original design were recommended, namely: to re-

orient the axis of the dam in order to have a maximum

shoulder area at the right abutment; and to extend the

impervious core on the fractured abutments so as to

prevent leakage. Two significant features were pointed

out. First, the tunnel intake, measuring about 1,400

meters long, will cross the highly broken metamorphics
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rather near the surface west of the camp site. Inasmuch

as this is a pressure tunnel, steel liners set in heavy

concrete are to be prescribed for the entire length of

the intake structure. Hence, the coost will be quite high.

Second, the left abutment ridge, which is underlain by

diorite and metamorphics, appears to be a comparatively

better site for the spillway.

The original plan was abandoned upon the re-

commendation of Mr. Leroy F. Harza, consulting engineer,

and Mr. Irving B. Crosby, consulting SeolooIst.

Present Development Plans

The outlay of the propos:ed engineering structures

is shown in Plate III, and the construction details for the

dam and the powerhouse are shown in Plate XI. The project

involves an earth and rock fill dam, a spillway on the

left abutment, an underground powerhouse, three diversion

tunnels, and a tail race tunnel,

The top elevation of the dam is 756 meters.

Since the bedrock elevation is 631 meters, the height of

the dam is 125 meters. The maximum and minimum pool

elevations are 752 and 694 meters respectively. This

gives a maximum drawdown of 58 meters.

The impervious core will consist of clay and

weathered rock with an upstream face composed entirely of
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clay material. Horizontal filters are provided through

the rolled clay and weathered rock which are connected

by an incline drain on the downstream end. The upstream

face of the dam will be covered by a first layer of gravel

extending from the coffer dam to elevation 752 meters and

a second layer of random rock to about half of the in-

clined length from the base. The downstream face will

be paved entirely with random rock.

The spillway will be provided with seven tainter

gates, each 15 meters wide and 11 meters high, whose crest

elevation is 752 meters, Since the river elevation at

the south slope is a little less than 620 meters, the

spill water will have a vertical drop of over 132 meters.

The power units will consist of 3 - 34,500

horsepower turbines coupled with 3 - 28,000 kilovolt-

ampere generators. The centerline of the power units in

the underground powerhouse is at elevation 574.10 meters.

Therefore, the maximum and minimum heads available are

177.90 and 117.90 meters respectively. The plant will

develop a capacity of 75,000 kilowatts at an estimated

cost of $0.01 (U.S.) per kilowatt-hour. The excavation

for the undeiground structures has a maximum cross-section

which is 53 meters long, 9 meters wide, and 19.3 meters

high.

The inlet portals of the three diversion tun-

nels are on the right abutment. The outlet of tunnel 10
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is on the south slope of the right abutment. Tunnels

11 and 12 will cross under the river and their outlet

portals will be on the southeast slope of the saddle just

below the dam site. Tunnel 10 has an inner diameter of

4 meters. Its outside diameter may be as much as 7.20

meters. This tunnel will be kept in use after the com-

pletion of the dam in order to serve as an auxiliary

outlet for flood waters and to contain a Bunger-Howell

valve. The valve will be used to draw silt and other fine

materials from the reservoir. Diversion tunnel 11 will

be plugged eventually. Tunnel 12 will finally be used

as the intake for a vertical penstock to the power units.

The minimum height of excavation for the latter two tun-

nels is 8.5 meters.

The tail race tunnel is about 2.38 kilometers

long (Plate XII). The inner diameter is 5.00 meters,

and the minimum height of excavation will be 6.3 meters

with a gothic arch, The tunnel will cross the river

thrice before reaching the outlet.

Sngineering Geology Problems

Bach engineering structure has its own problems.

The various structures will be dealt with in the following

order:

A. Dam Proper

B. Spillway Site
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C. Powerhouse Location

D. Diversion Tunnels

1. Tail Race Tunnel

F. Water Tightness of the Abutment Ridges

A. Dam Proper

It was pointed out that the metamorphics at the

right abutment are severely fractured and those in the gully

area are sheared and partly disintegrated (Plates IX-A to

IX-E). The sheared zone has a maximum breadth of 130 meters

(see Plate X) and extends from the upstream toe on the right

bank of the river to the gully and spillway areas on the

left abutment ridge (Plate III). Undisturbed specimens

obtained from the test pit in drill hole 38 slake in water

at a very slow rate,and crumble easily under a slight pres-

sure after the spe'dimen had been exposed to the atmosphere.

It will be necessary, therefore, to protect the

fractured abutment and the sheared zone under the impervi-

ous clay core. Long exposure to the atmosphere should be

avoided during construction. It is not known whether the

sheared metamorphics possess sufficient bearing strength

to sustain the combined load of the fill materials and

the overlying column of water. Tests should be made to

determine the compressibility and plastic properties of

the gougy material in drill hole 38.
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Grouting operations at the base and abutments

of the dam should follow the pattern adopted by the Ten-

nessee Valley Authority6. The method consists of three

sets, namely, consolidation grout, low-pressure grout out-

off, and high-pressure grout cut-off. The spacing and depth

of the grout holes should be determined by field tests.

For the TVA, consolidation grout holes are from 10- to 15-

foot centers and 20 to 40 feet deep along 10-foot center-

lines, Pressures applied rance from 20 to 40 psi (pounds

per square inch). Low-pressure grout cut-off holes are in

staggered position with the first set, 40 to 60 feet deep,

and using 40 to 60 psi. High pressure grout cut-off holes

are deeper and may be spaced farther apart than the low-

pressure grout holes. Pressures of 75 to 100 psi are

applied.

B. Spillway pite

The metamorphics at the spillway site are deeply

weathered, particularly along the north slope of the ridge.

However, diorite crops out high up on the south slope

(Plate IX-E), The diorite is a stronger foundation rock

for it is less weathered than the metamorphics.

It was calculated that the spill water has a

vertical drop of at least 132 meters, and unless the south

slope of the ridge is provided with a pavement, the bed-
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rock is likely to be scoured. Hence, it is recommended

that a concrete pavement be provided which will act as a

cushion tor the overflowing water. It is also important

to anchor the concrete sufficiently deep into the diorite,

and to safeguard against sliding, concrete dowels should

be provided. In addition, the upstream slope of the

spillway miust be water tight in order to prevent under-

mining or piping at the base of the concrete pavement,

Grouting procedure to be followed is the same as outlined

for the dam proper.

C. Powerhouse Locatioti

The underground powerhouse requires the excava-

tion of a single chamber which is 53 meters lone, 9 meters

wide, and 19.3 meters high. The problem involved is to

select the right type of rock at a convenient site which

requires a minimum of construction difficulty. A key to

the solution of the problem is seen at the underground

hydroelectric plant of the North Luzon Power Company, which

is located a short distance below the Ambuclao dam site.

The powerhouse was constructed in diorite 80 feet below

river elevation at the intake. The chamber has a maximum

span of seven meters and an unlined roof with a very flat

arch. No serious maintenance problem has been encountered

for the last 20 years. Consequently, the left bank of the
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river which is composed mostly of diorite was considered

for exploration. Seven sites were investigated, of which

six are on the left bank and one on the right bank of the

river.

Three upstream locations on the left bank were

explored by the following drill holes: il) hole 66; (2)

holes 91, 92, 93, and 94; and (3) holes 58 and 64. These

three locations were abandoned because the diversion tun-

nels and the tail race tunnel would have had to cross the

weak zone of the gully area. A fourth upstream location,

drilled by holes 48 and 51, has the disadvantage of longer

tunnel routes. In addition, several sections of the diorite

show intense fracturing and kaolinization. Two downstream

locations were examined; one of which was explored by hole

59-A and the other by hole 60. In these downstream sites,

the diorite at the elevation of the powerhouse is highly

fractured. Moreover, water pressure tests show unfavorable

results.

The diorite exposure immediately downstream from

drill hole 25 was the first site recommended by the geolo-

gists based on the good core recoveries from drill holes

24 and 25. However, the recommendation was not received

with favor because of the location. Any site selected

below the axis of the dam necessitates the construction

of an access tunnel with a relatively steep grade. The

access tunnel would subsequently be used to transport



49,

equipment into the underground powerhouse.

A comparative study of drilling and water pres-

ure data indicates that the diorite on the richt bank of

the river is strong and massive. This was proven by holes

81, 97, 99, and 100,

It will be noted that the control chamber has

a minimum back of only 10.5 meters of diorite below its

contact with the metamorphics (Plate XI). This will

require strong provisions for support of the roof of the

chamber, Extreme care must be exercised durinc excavation

to avoid undue shattering of the rock at the roof and sides

of the chamber. Grouting operations should follow the pro-

cedure outlined under "Diversion Tunnels".

D. Diverpion Tunnels

It was stated that the scheme of development

requires the construction of three diversion tunnels, and

the intake shaft will take off from one of the tunnels.

The diversion tunnels are numbered 10, 11, and 12 (Plate

III). At an early sta6e of the planning, two of the tun-

nels, 11 and 12, were proposed on the left bank of the

river and would have had to cross the weak zone of meta-

morphics underlying the gully area. Since one of the

tunnels will be a pressure tunnel and that the weak zone

is an unfavorable location, the proposition was-not adqpted.
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Diversion tunnel number 10 was completed in

1951. The constuction of the tunnel has proven that

unweathered metamorphics, although fractured, can stand

unsupported within the maximm span of the tunnel exca-

vation. Only the sections traversed by faults or shears

require permanent timber supports during construction. This

tunnel will be kept in continuous operation. A desilting

valve will be provided near the outlet portal and this

will require the excavation of a chamber above the roof of

the tunnel for the control works. The practical problem

is to select a suitable location along the tunnel line

close to the outlet. Sound metamorphics were noted for

a stretch of over 40 meters, whose near and far ends are

respectively 50 and 90 meters away from the outlet portal.

But the most important factor in the selection of the site

is the consideration of the column ofrock above the tun-

nel, To counteract uplift pressure, the vertical height

of rock above the control chamber shall not be less than

half the height of water that representB the difference

between the maximum pool elevation and the elevation of

the roof of the chamber, By this method, the water pres-

sure will be resisted by the dead weight of the metamor-

phie rocks which have been conservatively assigned a

specitic gravity of two, taking into consideration' the

fractures and slips present in the metarmorphics.

As stated before, diversion tunnel number 11
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will be plugged after the completion of the dam, while tun-

nel number 12 will serve as the intake for a verticgl

penstock to the power units. Both tunnels will go through

the contact between the diorite and the metamorphics and will

cross under the river at the dam site. At a certain point

under the river crossing, the tunnels have 10.5 meters of

diorite back, Strong supports are to be prescribed in

these sections, particularly tunnel number 12 which will

be under high water pressure. It is also necessary that

blasting operations during construction must not cause

fragmentation of the rocks above the roof of the tunnels.

Consequently, the method of tunneling must be carefully

considered before the start of operations.

Grouting will also be an important consideration.

Grout holes are to be spaced at 10-foot centers along the

ttinnel line and not more than five feet apart along the

circumference. Depth of grout holes may range from 10 to

40 feet depending on the nature of the fractures present

in the rock. Pressures of 75 to 100 psi are to be applied.

Greater depths and maximum preasures are recommended for

all pressure 4unnels. Inasmuch as concrete has a very low

tensile etrength, the concrete lining should be tightly

wedged into sound rock, or steel reinforcing bars must

be provided.

S. Tail Race Tunnel

The present location of the tail tunnel is shown
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in Plate III. Three other locations were investigated.

Alignments 1 and 2 were proposed by the engineers when

they considered the upstream and downstream locations of

the underground powerhouse on the left bank of the river.

The first alignment crosses under the abandoned river

channel in the "sombrero" area, Alignment 2 lies too

close to the edge of the deep channel and to the metamor-

phics at the right bank of the river below its confluence

with the Lobung river. Thus, alignment 3 was recommended.

After the final selection of the powerhouse site at the

right bank of the river, location number 3 was re-oriented

to the present location.

The tail tunnel will not be under pressure

since it will conduct discharge water from the turbines.

It is possible, therefore, that a large section of the

tunnel may be left unlined if sound country rock can be

found, On this assumption, areas underlain by diorite

were investigated. Contact tones and areas underlain by

metamorphics were avoided as much as practicable. Further-

more, the centerline of the tail tunnel was made to follow

high ridges and peaks of diorite (Plate XII).

At the three crossings under the river, the entire

section of the tunnel must be lined with concrete. Faults

and joints will have to be grouted.

F. Water Tightness of the Abutment Ridges

Of the several holes drilled on the left
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abutment, water pressure tests were conducted only in

holes 43, 48, and 60. Hole 51 was partially tested. The

main difficulty in testing a hole arose from caving in of

the walls and drill "stuck-up" which necessitated reaming

the hole and extending the casing pipes. The diameter of

the enlarged holes were much bigger than that of the seals

provided in the pressure testing device.

Although core recoveries from drill holes

at the left abutment ridge are commonly poor, the return

water has always been considerable. Moreover, two springs

occur a short distance east of the spillway site* One

spring emerges at elevation 769.57 meters, and the other

at elevation 764.29 meters. The crest elevation of the

spillway is 752 meters. Thus, a fairly water tight condi-

tion of the rocks at the spillway area is indicated. The

only section of the left abutment which requires further

study is the diorite in hole 60. Water pressure tests

showed higher rates of flow and, in addition, the rock is

highly fractured. These findings have important bearing

on the abnormal condition of the water table in hole 25.

Drill hole 25 is inclined towards hole 60.

It is unfortunate that no EX-pressure testing

apparatus was at hand during the drilling at the right

abutment ridge. Test can not be made for many of the holes

are clogged. It was stated earlier that joints and slips

intersected by diversion tunnel number 10 have only minor

Rim
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flows of water. Nurthermore, fractures in the unweathered

metamorphics are free from clay and grouting operations

can be carried out effectively. The only possible pro-

blem is that leakage may occur along the contacts of the

granodiorite dike with the metamorphics. A spring, whose

elevation is 665 meters, marks the contact between the two

formations on the south slope of the ridge. It was noted

that higher rates of flow occur during the ratny months.

It is to be expected, therefore, that when the water in

the reservoir is raised to its maximum pool elevation,

the spring will also register larger flows. Another

problem related to the seepage at the contacts is the

possible build-up of water pressure. The provision of

drain holes may be a remedial measure.
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CHAPTER V

BORROW PITS AND QUARRY SITES

Borrow Pit Investigation

The first area investigated was the residual

clay deposit at Bisal, 6.5 klometers, airline distance,

southeast of the dam site. On account of the unfavorable

location, which requires costly road construction, search

for the clay fill was made among the river bar deposits.

The abandoned river channel around the "sombrero" was

recormended for investigation by Mr. Crosby early in 1949.

Test pits were sunk to as much as 30 feet deep where cob-

bles and boulders were encountered, The deposit consists

of unconsolidated clays, silts, sands, and rravels. It

was estimated that about half of the fill materials needed

in the original design may be obtained from this meander

cut-off.

During the middle part of 1949, a revised plan

of the dam was submitted by the Harsa Engineering Company.

Based on the new design, decomposed and disintegrated rocks

are suitable fill materials for the central core of the dam

(Plate XI).

Two borrow areas were examined (Plate III).

Borrow Area No. I is on the northwesterly extension of

the right abutment ridge, with the lower limit set at

800 meters contour. Borrow Area No, 1-B lies west-southwest
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of Borrow Area No, 1 and has the lower limit at contour

850 meters. The greater part of Borrow Area No, 1-B

occupies the ridge above the rtad-to the plant of the

North Luzon Power Company. Contours 800 and 850 meters

were chosen arbitrarily for two reasons: first, to limit

the area where a sufficient number of test pits may be

excavated without much difficulty; and, second, to include

only areas which are elevated enough such that a convenient

grade can be had for transporting fill materials to the

dam.

Forty seven test pits were excavated in the

two areas, The depth of weathered rocks ranges from 3.40

to 27.90 meters. Blocks and lenses of unweathered meta-

morphics were often encountered, Extension in depth was

carried on as far as the ordinary pick and shovel method

of excavation Was -deemed-feasible. Use of blasting powder

was not allowed.

The mantle of weathtered rock varies in thick-

ness. It sometimes disregards topographic similarity even

in areas of the same rock type. Such factors as the type

of rock, orientation and magnitwde of fracturing, and

topography exercise varying degrees of influence on the

resulting thickness of the residual clay. These factors

were carefully considered in the computation of reserves.

In estimating reserves, calculation was based

on the "area of influence" method, The depth of a single
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test pit is used in the computation of average depth as

many number of times as there are pits around it. Such a

procedure avoids either over- or under-valuation of the

deposit. This is due to the fact that most of the test

pits were located on top of ridges where the thickness of

the clay is greater than the average for the area which

an individual pit represents. Moreover, the soil profile

shows a very irregular bottom on account of the difference

in the attitude and degree of fracturing of the underlying

rocks.

Borrow Areas 1 and 1-B are estimated to contain

9,000,000 cubic meters of clay and weathered rock. The

volume available exceeds the requirement for the central

core of the dam.

Quarry Site Investigation

One upstream and two downstream locations of

rock quarries were investigated. The site upstream from

the dam is approximately 160 meters north of drill hole

66. The two downstream sites are located above the right

bank of the river past the intake of the North Lugon Power

Company. The selection of upstream and downstream sites

was based on the premise that simultaneous quarrying

operations may be carried on and that transport of quarry

rock to either face of the dam will not 4nterferewith
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any construction operations that may be in progress at

the central portion of the dam.

The three quarry sites are underlain by diorite

with very steep slopes, so that much of the weathered

surface had already been eroded. At least one meter thick

of the diorite face would be removed before the start of

quarrying operations.

art- bf-the random or ungraded rock may be

obtained from the river boulders. Selective mining is

to be made due to the presence of boulders of shale.
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CHAPTER Vi
SUMMARY AND CONCLUSIONS

The most important problems involved in the

construction of Ambuclao dam are as follows:

(1) Partly disintegrated, highly sheared metamorphics

underlie the spillway site and the gully area on the left

abutment of the dam. Inclined holes 44 and 45 disclosed

that the weak zone in the gully has a maximum width of

130 meters. Drill hole 38 revealed that the gougy material

extends down to elevation 558.90 meters, which is the bot-

tom of the drill hole. The gougy material slakes slowly

in water and disintegrates under a slight pressure upon

dehydration.

The gougy material should be subjected to

compaction, shear, and compression tests. The plastic

behaviour is a major consideration with respect to the

amount of allowable settlement.

(2) Fractured metamorphics occur at the right abutment,

along the upstream too of the dam, and at certain sections

below the coffer dam. An extensive grouting program must

be undertaken to protect the foundation rocks from scour

and to prevent leakage.

(3) On the right abutment ride, the principal pro-

blems are seepage and possible build-up of water pressure

on the south slope of the ridge along the contacts between
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the granodiorite dike and the metamorphics. Drain holes

may be provided in order to relieve water pressure.

(4) Tunnel lines along contact zones and under

river crossings with comparatively thin backs, particularly

diversion tunnels 11 and 12 and the tail race tunnel, will

require very strong supports.

(5) The diorite explored by holes 81, 97, 99, and

100 is considered the most favorable location for the under-

ground powerhouse .

(6) The diorite and metamorphics are quite susceptible

to weathering. Below the water table, however, both rocks

are sound even if fractured and can stand unsupported for

a considerable span. Diorite is usually homogenous and

massive and possesos a comparatively greater competency

than the metamorphics. Therefore, underground structures

should be located in diorite.

The foregoing description of the Ambuclao dam

site illustrates the various problems involved in construc-

ting a high earth dam on metamorphic rocks and diorite.

These rock types are common in the Agno river valley and

underlie, too, the principal structures of the proposed

Binga development.

The investigation of the foundation rocks of

Ambuclao dam has involved both local and regional geolo-

gical mapping. Aerial photos were very useful in the

delineation of formational contacts and in the study of
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the geologic structures of the region. Detailed study

of the geology of the dam site required an extensive

drilling program, hydraulic sluicing, and the excavation

of several trenches, pits, shafts, and tunnels.

The design of all engineering structures was

not finalized until sufficient geologic data had been

obtained from surface and subsurface investigations. This'

procedure demonstrates the practical applicatiLon of geolo-

etc principles to treat engineering problems.

Diamond drilling is the most convenient method

usually employed in subsurface explorations. Large dia-

meter drill holes, however, are preferable to test

shafts in the study of certain critical areas that are

underlain by hard rocks.

The distribution, orientation, and depth of

drill holes should be left to the judgement of the geologist.

Distribution of drill holes along a straight line and at

pro-determined intervals, a pattern which enSineers com-

monly adopt, is not always effective in subsurface studies

of the foundation rocks.

In the planning and investigation for the power

development of a region, the study of aerial photos is one

of the most valuable sources of information. The cost of

preliminary surveys may be greatly reduced. Moreover,

certain geologic structures are usually recognizable on
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the relief map of a region. These major structures may

easily escape notice in the study of restricted areas.

The choice of a dam site must be based on

both engineering and geological factors. Unnecessary

delays and high construction sosts result from an incom-

plate understanding of the geology.

Finally, the writer wishes to emphasize the

necessity of an atmosphere of cooperation and mutual

respect in the relations between the geologist and the

engineer. The geologist should understand that there are

other important factors besides a consideration of the

geology in the development of hydroelectric projects. It

is the duty of the geologist to present to the engineer

as clearly as possible the geologic problems involved.

On the other hand, the engineer should consult the

geologist whenever changes are made in the plans. Over-

conservatism in the design, which means high cost of

construction, is thus prevented.
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BIOGRAPHICAL NOTE

Born on February 18, 1917 in Pila, Laguna,

Philippines, of Evaristo R. Oca and Maria Rebong (deceased).

Married Constancia Madlansacay of Indang, Cavite in 1942.

Marriage blessed with three children, namely, Nevin - 10

years, Liberty - 7 years, and Sandra - 3 years.

Finished the elementary course in 1930, graduated

from the Laguna Public High School in 1934, and obtained a

B. 5. at the 4gpua Institute of Technology in 1938.

Appointed as Surveyor''s assistant by the Philip-

pine Bureau of Mines in February 1939. Passed the licensed

Mining Engineer's examination, 4th place, in February 1939,

and the Geologic Aide examination, 3rd place, in May 1939.

Promoted to Geologic Aide in July 1939.

Joined the resistance movement (1st Lt., Intelli-

gence Officer) during the Japanese occupation, and assisted

in the liberation of the Americans from the Los Banos intern-

ment camp in 1945.

Reported to the Bureau late in 1945. Promoted to

Assistant Geologist in 1946. Passed the "gensionado" compe-

titive examination in Economic Geology, 1st place, in 1947.

Promoted to Geologist in 1947. Passed the Geologist examina-

tion, 2nd place, in 1948. Loaned to the National Power Cor-

poration from June 1947 to July 1950 to undertake foundation

investigations of dam sites. Recalled to the Bureau in July

1950 and appointed as Senior Geologist. Selected as a trainee

in Engineering Geology for advanced studies and in-service

training by the United States Mutual Security Agency.
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