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Fig. 2.2

AVATLABLE RECORDS OF DAILY RAINFALL
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Fig. 23(2)

ANNUAL PATTERN OF MEAN MONTHLY RAINFALL
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Fig. 23(3) ANNUAL PATTERN OF MEAN MONTHLY RAINFALL

19. Pamaldan, Cabanatuan 24, Concepcion, Zaragoza

{mm)
{mrm) 400 [-l
400 L
160
3
[ ekl 2001
2004 —
. 100+ PSP o B
i = !
1001 SR N e ;
T mrd""l :L -y
— T T [Menth| i T2 13 [4fs 67 ]8ia0]n]12
[Month [ 1] 2|34 s]6]7 a9 [10]wn[i2

. 27 Mailorca, San Leonardo
(mm)L 20. Cabanatuan City fnm

400 400 - L

300 ”_J 300+

A . T
T T

100 [ |m ."_""I "\___,1l

_,——' J L i |

ad I
I g 5
[Month| 1] 2]3] 4 5 6] 7819 0|2 [Month | 112 3T« |8 6] 78 ]9]w][n]iz]

21. San Jose, Peharanda

l._..—-!

{mm) (Fnem)
400 r_\l_ F7)) —
300 300
w Jr---
200 = 20
[ ]
|
100 i 100H
L |
Month [ 1 [2 ]3[4 5] 6]7[8]9 0] [Month
22. Gabaldon 30. Gapan
{mmy) (mrm
100 F—'—“'l_:':ﬂl— 300 = i}
200 _\ 200~l~ — ] S
1
100 =3 1004 “";
[ {
L_‘_r—‘\__r-—*r_—-]'“"'""! I! M Lo r___q
" e
[Monthi v [2 13[4 5 6] 7][8]5 [10]1i[1n Month| ¥ | 2|3 | 4] 5] 6] 7,8]9[w[n[w
average
—— = Minimum

II - 89

\ -tk




Fig. 23(4) ~ ANNUAL PATTERN OF MEAN MONTHLY RAINFALL
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Fig. 23(5)
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Fig. 23(6)  ANNUAL PATTERN OF MEAN MONTHLY RAINFALL
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Fig, 23(7) ANNUAL PATTERN OF MEAN MONTHLY RAINFALL
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Fig. 23(B)  ANNUAL PATTERN OF MEAN MONTHLY RAINFALL
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Fig. 23(9)
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Fig. 23(11)  ANNUAL PATTERN OF MEAN MONTHLY RAINFALL
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Fig. 2.4 MEAN ANNUAL RAINFALL MAP
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LOCATION MAP OF STREAM GAGING STATIONS

Fig. 2.5

3 3 -8 B ) 3 3
/ Mo ©
\\\ . m ./f'\\.\N\ . N@-
M Iﬁ./. \lll.\...||.l.l-... ot = ——
\.\\.JI.I\.J-\I ~\~ fn/ }J \\ ll/r.-\ /Il\) .im
S/ A ~ n\
\W\N % - e £ —
= g A \ _
m\-r\ é ) W s /JJJ% / w 2
L] < o —
\- Jfﬂz C 3 [€] \\ WH\
( ] b 3
) i § PR 2% EROR
i ANu Vy \
[ Py g A by J 121°00
= ﬁ‘/ ' b.w. / S =) Q \\
4 EA i e ENENEEE I
(L X Ry \
/.-.-I.\l / anm IHO flcl
. . 3 4© _
! % o, / N9 \ o
\ . M) t 50
1!#! M
[+2]
W/IA\./\ §

IT - 99



pBupduwog ‘dunmg pqopups ‘Y pbundumg

p{103 paany ‘oupisi uog ¢Y obupdung

O

pbupdwog ‘Hody ‘updiing ‘Y obupdwny

62

Dbupdung ‘oqopupd -51sog ¢y pbundwing

upaping “uojind ¢ sefiug Yy wobuy

i

pbupduwng *mody ‘uodyng ‘jauunyn $10-3a0 updyng

oftog onany ‘upbupqojund 4 upbuogopung

S

upopng ‘nbuy ‘sopdwog ‘Buoing Y soyokbg

¥

oli»3 baenp “zoun ‘uozounDjpion %y Bompog

€<

pBupduwdg ‘Doup|gopliogd ‘BoIUPGDg ‘Y YDWOINDY

&

pbuodwiod ‘pounijqopliold fBppupgod *y uiDwng

w

pbupdwng ‘oupiQRplio) 4 fuawlips 1ed ‘Y Jodod

8

obupditing ‘1010508 ‘upaijaqon ‘Y csanjodg-bisod

2

upoping “4dwnipg ‘Bngbog ‘Y upbupqo

o]

upaping ‘Apipbozion {wpg od) mojeq) jobuy

o

pfupduing “DqDpPUDY ‘a4D4-ADYDE ‘Y WSDDW

®°

20INg “1aviby uos ‘upunnq ‘Y uysoop

0

uooDINg “0sUCIIp|| uns ‘BUDlbY *y BuDlIDY

2

upaoing YanBiy upg ‘sjuaniA LDS i janBiy UDS

i

uoaping *j1anbiw vos ‘ARglRW ‘M4 ning

o

obunduing “ipAosy ‘uisnby uog *y obunduog

. ofio3 caanp ‘0zoBDJOZ “OpiDSOM OIS S G O

e

pi193 pAsnp ‘JeARIDY ‘ UDUCOIOQqOGDY M RI3ADID]

D93 DAanp ‘oDIGDD ‘ajuadiA ups fY olupdusg

0193 pasnN ‘updDH ‘ajuacip uDS ‘Y DPUDiBUDS

OPUDDUIS “a50f* UDS (95pIIg N H ) *H DPUDIDUd

pftag paanN ‘orni usg *soid ‘y opgoowing

0ffp3 paany ‘ol "usg ‘Yool

"3 N “AyD upnoupgnd “ajuaniapion ‘Y ofuodwny

of1o3 pasnN ‘uogobucg ‘upyosexbung ‘Y jaucion

AN mld|o|o|~[0(n

==

0[133 DAenN “UoBUDQDDS ‘uDNIDId Y DBUDUWD

816l12611916) (516! | b6l [ei6l Jeiel | 1161 | 0i61 |696] [B96! | L961 ﬂmw.m._ |s9e1 [¥oel |£961 | 2961 | 1961 |06l | &cel | asel UO11DIS BUIBDD WDaLS
SPA023Y B|gD|IDAY - H
1H9T3H 39v9 40 SAY0IIM FT1eViIvAay 92 “Hid

IT - 100



{m

H: Water Level

(m.)

Water Level

H:

Fig. 2.7(1)  DISCHARGE RATING CURVE

Sulipan

LEGEND; Equation for Radting Curve.

©: {978 — 3
o 1980 H ¢ 1,65 Q = 72.966(H+1.229)
1.65™ ¢ H<2,60"| Q «47087(H+1934)2
2.50M < Hs5 00" | Q = 28794 H+3170)2
T T T T i T T ] T
‘ 500 1000 1500 2000 2800 3000 3500 4000

Q: Discharge (m3/s)

Candaba
10 - ,»”
d”
9 - //
,/

8 - -7
rs
6 -
ﬁ .
4 -
3 LEGEND Equation for Rating Curve

J ®: 1972
2 @ 1980 H- 100™ | @=91470 HZ
. 1.00™ H<2.26™ | Q=56.671(H+0.270)
0§ 2.26M HS7.0M | @=20.017(H+L991)2

¥ T T T T T T ™ p—
500 1,000 1800 2000 2500 3000 3500 4000

Q= Discharge (m3/s.)

IT - 101




{(m.)

H: Water L.evel

{m.}

H: Water Level
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Fig. 2.8(1)  ANNUAL PATTERN OF MEAN MONTHLY DISCHARGE
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Fig. 2.8(2)  ANNUAL PATTERN OF MEAN MONTHLY DISCHARGE
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Fig. 2.8(3)
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Fig. 2.8(4)
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TSR 1

Fig. 2.9 TIDE LEVELS AT P«mNII.A HARBOR
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Fig. 2.11 LOCATION MAP OF THE @
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Fi.. 2.12 CORRELATION CURVES BETWEEN ELECTRIC

CONDUCTIVITY AND CHLORIDE CONCENTRATION
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- ]
Fig. 213(1)CHLORIDE CONCENTRATION PROFILE OF
PAMPANGA RIVER (WATER SURFACE )
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CHLORIDE CONCENTRATION (PPM)

Fig. 213(2)CHLORIDE CONCENTRATION PROFILE OF
PAMPANGA RIVER (CHANNEL BOTTOM)
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Fig. 2.14(1)  ESTIMATED PROFILE OF SEAWATER INTRUSION ON
PAMPANGA RIVER UNDER EXISTING CHANNEL CONDITIONS
(CALCULATED RESULTS)
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Fig. 2.14(2) ESTIMATED PROFILE OF SEAWATER INTRUSION ON
LABANGAN FLOODWAY UNDER EXISTING CHANNEL
CONDITION (CALCULATED RESULTS)
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Fig. 2.15 RELATION CURVE BETWEEN RIVER DISCHARGE
AND DISTANCE OF SEAWATER INTRUSION
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T
Fig. 216 LOCATION MAP OF SAMPLING OF
RIVER BED MATERIAL
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Fié. 3.3(1) CONTINUOUS RAINFAL.L CORRELATION BETWEEN
CABANATUAN CITY AND BASIN AVERAGE
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Fig. 3.3(2) CONTINUOUS RAINFALL CORRELATION BETWEEN

BASIN AVERAGE RAINFALL
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© Fig. 3.4  SUB-BASINS OF PAMPANGA BASIN FOR RUNOFF ANALYSIS
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Fig. 3.5 RUNOFF CALCULATION MODEL DIAGRAM
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Fig. 4.2 (1)
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Fig. 4,2 (2)
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rig. 4.2 (3) FLOW CHART OF PROGRAM
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Fig. 4.2 (4) FLOW CHART OF PROGRAM
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Fig 4.4 FLOOD DISCHARGE DISTRIBUTION
UNDER PRESENT CONDITION
(100 year RETURN PERIOD )

( Unit: m%s )

ARAYAT _ L
WLei262
N
&
Q
— = {000 SAN MIGUEL
~ & OTHER RIVERS
L NORTH CANDABA L__
! SWAMP {800 ~—
N L =
8 —. 3000 WL.=»9.38
CANDABA | 1 ~
WL.=935 :
x| 3 ' &
> o L.
= — 3TF00
g —
2| | SOUTH CANDABA
(9]
L EGEND | R SWAMP 300 =
—_— x| 8 T jo0 WLe754
() PeakDis = l B
o0k Dig—
charge of ) 4750 100
tributory A\ \J/
8 L i
SULIPAN 2100
WL 7.2] (24007 2500
3 l / l ANGAT RIVER
% - 6‘? hilm
2|58 S / BEBE 5|58
flS MASANTOL { @ | S2
R 1900 = WwL,= 4.8 gg
l =
£
(=]
MANILA BAY

IT - 135







APPENDIX I
GEOLOGY

AND

SOIL MECHANICS






CHAPTER 1

CHAPTER 2

2.1
2.2
2.3

CHAPTER 3

3.1
3.2
3.3

CHAPTER 4

4.1
4.2
4.3
4.4
4.5

CHAPTER b

5.1
5.2
5.3

CHAPTER 6

6.1
6.2

APPENDIX III  GEOLOGY AND SOIL MECHANICS

TABLE OF CONTENTS

Page
INTRODUCTION ...vvvivennnen Ve re e traeanns A S R
GECLOGY AND TOPOGRAPHY .. .iievivinvninnan tersarareeas 1112
IntPUdUCtTOH I E NN N N R R L R R R EE R ] » III"Z
GEoTOgY «vverevoarns irressrananns virasaaas I & Y
Topography «iciveiiecaanaans Cettaatiieraaans Cresavaas I11-3
SUBSURFACE EXPLORATION r.eirerinenuionsntnsoncnvnans I1I1-5
GEneral  cisiiiiieiiieieatinestiatcaraisrerareasarsans  L11-D
Exploration for Structure Foundation ........... voeen JII-5
Exploration for Construction Materials .............. III-6
FOUNDATION OF PROPOSED STRUCTURE v vvevevnnvennanrones 111-7
San Antonio Reservoir Dam ....c.evcivvann i eineraranen I11-7
Diversdon Dam  vuveeerrvressortonssriosarrssransns vees. L1I-7
Pumping STation .oviiiieiniii ittt eri it nannaes 111-8
Levee, Canal Embankment and Related Structure ....... 111-8
Salinity Control Gates ........... beraeeras i ... III-10
CONSTRUCTION MATERIALS L vt ennvnerionnsns e ieans II1-1
Impervious Material ..... N Ce s aa e ITI-11
Rock Material .ieeieseriiannnnnas heses ke ianaraernens I11-12
Sand-Gravel Material ........ S rieresereataereararenns 111-12
EARTHQUAKE ENGINEERING ..vvvuvenn I I[11~13
General . iiieensenssareranas e e e s eenn 111-13
Design Earthquake Coefficient .....cvivaeviaiis Ceeans ITI-13

IIT ~ 1



Table
Table

Table

Table
Table
Table
Table
Table

Table

Table

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

2.1
3.1

3.2

3.3
3.4
3.5
3.6
6.1

6.2

6.3

2.1
2.2 (1)

2,2 {(2)

3.1
3.2

3.3
4.1
4.2 (1)
4.2 (2)

LIST OF TABLES

Page

Geological C1assification T 5 S L)

Summary of Work Quantity
(Jan- ]981-—MaY‘. ]981) N R R R I R R N N I R ) III"]S

Work Quantity of Additional Survey
(Jul. 1981 - Aug. 1981) ....... vessrassanassesaanes III-19

List of Standard Penetration Test ......ovvvvnweese [I1-20
List of Dutch Cone Penetration Test .........ov.vv. 111-21
List of Core Drilling ..ivivivnvviiniinrnennnenevees 11122
Summary of Laboratory Test Results ..vvvivinneeess. 111-23
Violent Earthquakes That Have Affected

Manila in Historical Times ...... D B B Y4
Violent Earthquakes That Have Affected

Project Area in 1949 - 1978 ... .vvvevens birtreaanas 111-27
Computed Max Acceleration in Order

of Magnitude (By Iwasaki) ...v.veennn. Ceeeaeaeas .. 1I1-29

LIST OF FIGURES

Page
Geological Map of the Central Luzon ...voveinnrnn... 111-30
Geological Map of the Objective Area .....oveevn.nn I11-31
Legend LI R B B R B R I B R R IR W'Y LI I I S N Y LRI N U S I I R I III"‘32

Location Map of Sub-Soil Survey Site

Pampanga Delta Development Project
Borehole Location Plan
(Diversion Dam & Pump Station)

Location Map of‘Quarry Drilling ......... reieaaans [11-36

Correlated Columnar Sections .......... v ttairesas 111-37
Subsurface Soil Profile (Diversion Dam Axis) ...... I11-47
DIversion Dam ...vieerreerrenennvnnnneas veveveaeess JII-A8

IIT ~ ii



Page

Fig. 4.3 Pumping Station ...euiiiiiiiiraiennnrirennesaensaes LI[-48
Fig. 5.1 Log of Test Pit of Earth .. ...cvieviviesnnsns veeerars 11149
Fig. 5.2 Log of Test Pit of Sand-Gravel ...c.viererecnsenen . III-50
Fig. 6.1 Annual Average of Felt Shocks Earthquake .......... III-5]
Fig. 6.2 Tectonic and Seismic Map of Luzon Island .......... I11-52

Fig. 6.3 Significant Earthquake Epicenter Map
(]949"1978) L R R R N N R B A B A SRR III"SB

Fig. 6.4 Plotting Position of Non-Annual Exceedence
S(:“!"iES R R R T N T T e 111-54

ITT - iid






APPENDIX IITI  GEQOLOGY AND SOIL MECHANICS

CHAPTER 1  INTRODUCTION

The explorations and studies on geology and soil mechanics aim at
obtaining basic geotechnical data of foundations for various concrete
and earth structures and of construction materials.

The investigation on geotechnical engineering of this project has
been carried out at several stages, namely review of previous investigation
reports, reconnaissance geclogical survey, field tests and laboratory
tests, since 1980.

It should be noted that the additional geotechnical investigation
was carried out during the period from July to August 1981, because of
the modification of project scheme, i.e., a pumping irrigation system
with pumping station or a gravity dirrigation system with diversion dam
was proposed as alternatives instead of the construction of San Antonio
Reservoir Dam, as seen in Appendix I "Project Formulation".

Results of geotechnical investigations and interpretations on them
are presented hereinbelow.
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CHAPTER 2  GEOLOGY AND TOPOGRAPRY

2.1 Introduction

Geology of the Central Luzon has been studied by a number of
authorities: the most recent published reports on the subject are
those of Sandoval and Mamaril (1970), and Miguel and Arroyo (1971)&—
As the report of engineering geology, recent publications are those of
"Irrigation Development Plan for Central Luzon, Appendix F Geology"
prepared by National Irrigation Administration (1978), and "Pampanga
Delta/Candaba Swamp Area Development Project" prepared by Planning and
Project Development Office, Department of Public Works, Transportation
and Conmunications (1970).

Topographically the study area in the geological survey can be
categorized by three zones: (1) The Zambales Mountains including the
Zone of the volcanic highlands, (2) The Sierra Madre Mountains, and
{3) The Central Luzon Plain. General geology and geological classifi-
cation of the each zone is illustrated on Fig. 2.1 and 2.2 and shown in
Table 2.1 (1}, (2) and {3).

2.2 Geology

(1) 7Zambales Mountains

Zambales Mountains is underlying by Cretaceous-Paleogene ultra-
mafic and mafic plutonic rocks. The Ultimate rocks are typically
pyroxenites, gables and northosites associated with basalt, pegma-
tites, diabase dikes and asbestos seam.

The southern part of the Zambales Mountains is covered by ultra-
mafic and mafic plutonic rock. The Pliocene-Quaternary volcanic
rocks; chiefly consisting of pyroclastics and/or volcanic debris
at the foot of volcaneous. On the northern part of the Mountains,
Ultramafic and mafic plutonic rocks are outcropped. Pliocene-
Pleistocene marine and terrestrial sediments are deposites at
margin of core of the Mountains. In the regions Tying north of
the above, Pliocene-Pleistocene rocks are missing and the ultra-
mafic rocks extend to the Central plains.

The Bataan-Zambales Volcanic Highland area consists of four large
Pliocene-Pleistocene strata volcanoes. This area extends over the
area of border of the central plain and of the western side of the
Manila Bay from north to south.

/1: Pampanga/Candaba Swamp Area Development
Project-Groundwater Studies Appendix D .-1977-.
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(2)

(3)

2.3

Sierra Madre Mountains

Sterra Madre Mountains extend over the area from the Laguna de Bay
to the end of Northern Luzon along the east coast of Luzon Island.
Geologically and topographically the Mountains are segmented by
the Philippine Fault into a north and south. This fault gets
through the broad Liggaya Valley running from near Digaya Bay to
Laur in the Central Luzon Plain.

The northern Sierra Madre Mountains consist of plutonic rocks
flanked by Cretaceous to early Tertiary metasedimentary rocks.
The Pre-Jurassic metamorphic basement rocks are outcropped on the
rugged Mingan Mountain on the Liggaya Valley.

The southern Sierra Madre Mountains are a dissected range which
consists of folded, faulted and metamorphosed Cretaceous to early
Tertiary rocks overlain by Tertiary marine sedimentary vocks along
the western slope. Limestone beds out-crop along the lower foot-
hills and margin of the Central plain.

Central Luzon Plain

Central Luzon Plain which is located at between the Zambales
Mountains and the Sierra Madre Mountains, is a large and elongated
basin filled with sediments ranging from the 01igocene to the
Recent. The maximum depth of the sediments is 6,000 to 7,000
meters. The occurrence of the Palaeocene to Pliocene rocks on
both sides of the basin suggests that the same rocks also under-
Tain the cap of Recent sediments. The 1imestones are much more
predominant on the eastern side.

The plain is a low flat featureless plain but five non-active
volcanic cones protrude above the plain including Mt. Arayat which
consists of basaltic rocks.

The Tower part of the plain 1is composed of loosely compacted gravel,
sand, silt and clay associated with volcanic tuff and pyrocrastics.

Topography

Zambales Mountains

The Zambales Mountains extend over the mountain range from north

to south on the west side of the Central Luzon Plain. The range
extends from the Bataan peninsula to the Pangasinan Province.
Zambales Mountains is divided into northern Zambales Mountain and
the southern Bataan Zambales Volcanic Highlands. Northern Zambales
Mountains have relatively gently slope. The Bataan Zambales
Volcanic Highlands consist of steep shape core and voicanic high-
lands which surround steep shape mountain core.

IIT - 3



(2)

Sierra Madre Mountains

The- Sierra Madre Mountains is located at along the eastern coastal
zone of the Luzon IsTand from Laguna de Bay to the upper end of
northern Luzon. The range is divided into north range and south
range by the Philippine Fault which passed through the Liggaya
Valley running from near the Digaya Bay to Laur in the Central
Luzon Plain. Northern range consists of core of plutonic rocks
which are surrounded by metasedimentary rocks.

The southern range forms topographically well dissected mountains
consisting of metamorphosed rocks overlain by marine sedimentary
rocks along the western slopes.

Central Luzon Plain

The Central Luzon Plain is bordered by mountain ranges on the east
and west sides; It opens on the Manila Bay in the south and on
the Lingayen Gulf in the north. The Plain consists of the flat

~alluvial plain, swamps and delta land. Some non-active volcanic

cones protrude above the flat alluvial plain.

The objective area is Tocated on the southern part of the Centrai
Luzon Plain which consists of alluvial fan, flood plain, the San
Antonio Swamp, the Candaba Swamp and delta plain. Mt. Arayat is
tocated on the border line between the San Antonio Swamp and the
Candaba Swamp.
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CHAPTER 3 SUBSURFACE EXPLORATION

3.1 General

The main purposes of subsurface exploration are to obtain the geo-
technical characteristics of grounds for structure foundations and of
materials for construction use.

The explorations were carried out twice, namely from January to
March in 19817 and from July to August in 1981, The latter exploration
was concentrated mainly on the sites of diversion dam and pumping
station which were selected as alternatives of the San Antonio reservoir
dam during the study of project formulation.

The explorations consist of the review of previous investigation
report reconnaissance geological survey, drillings with Standard Pene-
tration Test (SPT),.Dutch Cone Penetration Test (DPT), Test Pittings,
soil sampling and laboratory soil tests. Summary of work quantity of
explorations is shown in Table 3.1 - 3.2. Locations of subsurface ex-
ploration are illustrated on Fig. 3.1 - 3.2. The results of explorations
are compiied in "Data Book'".

3.2 Exploration for Structure Foundation

(1} Main objectives of explorations for structure foundation are the
San Antonio reservoir dam, diversion dam, pumping station, levees,
canals and their related structures, and salinity control gates.

Geotechnical features to be made clear for the above objectives
are such characteristics as strength/bearing capacity, settlement
and permeability.

Brief explanation on SPT and DPT which were executed to obtain the
above characteristics, are made below. Locations and work quanti-
ties are listed in detail in Table 3.3 - 3.4.

(2) Standard Penetration Test (SPT)}

SPT is carried out to get penetration resistances of subsoil, and
to get soil samples for identification of soil by using split tube
sampler. From the above informations, strength/bearing capacity
characteristics is estimated.

SPT was made in accordance with the method designated in “Earth

Manual, second edition 1974" prepared by the U.S5. Department of
the Interior, Water Resources and Energy Service.
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3.3

(2)

(3)

(4)

Dutch Cone Penetration Test (DPT)

DPT is one of the handy double tube penetration test equipments,
and it 1s used broadly all over the world. From its cone penetra-
tion resistance, strength characteristics is obtained as well as
from SPT,

DPT was made in accordance with the method designated in "A Method

of Double Tube Dutch Cone Penetration Test (1972)" prepared by the
Japanese Society of Soil Mechanics and Foundation Engineering.

Exploration for Construction Materials

Main objectives of explorations for construction materials are
impervious materials for levees and canals, rock materials for
masonry works or concrete aggregates, and sand-gravel materials
for concrete aggregates,

In order to investigate quality and quantity of these materials,
the explorations composed of core drillings, test pittings and
laboratory soil tests were carried out. The locations of core
drillings and test pittings are shown on Fig, 3.3 and 3.1
respectively.

Brief explanation on core drillings, test pittings and Taboratory
soil tests are made below.

Core Drilling

Core drillings are carried out to obtain such geotechnical data of
quarry site as dégree of weathering, hardness, etc. of rock and
quantity available.

Details of core drillings are shown in Table 3.5.

Test Pitting

Test pitting aims to know subsurface conditions of borrow areas
for impervious soil and sand-gravel, and to take disturbed soil
samples for Taboratory test.

Depths of pit were 3 m for impervious soil and 2 m for sand-gravel.

In gase ground water table was high, auger boring was subsidiary
used.

Laboratory Soil Test

Laboratory soil tests are indispensable for impervious soil to
obtain such characteristics as shear strength, permeability,
compaction, etc.

Summary of test items and test results are shown in Table 3.5.

IIT - 6



CHAPTER 4  FOUNDATION OF PROPOSED STRUCTURE

4.1 San Antonio Reservoir Dam

Dam of the reservoir surrounds the San Antonio Swamp as shown on
Fig. 3.1. Penetration tests were made on the proposed dam axis line.
Location of the points tested is shown on Fig. 3.1. Surface materials
of the San Antonio Swamp are mostly composed of soft and unconsolidated
clay or silty clay, occurring locally silt and/or silty sand., On the
western side out of the reservoir, surface of the plain is covered with
poorly computed sand layer. Subsurface geology is illustrated on Fig.
2.2. Correlated columnar sections of the dam site are sections of the
dam site as shown on Fig. 4.1.

(1) Section A-A' Line

Generally, on this section uppermost layer consists of sandy
materials then sand and gravel were deposited under 9 meters from
surface. At the left bank of the Rio Chico River, sand and gravel
appear from 14 meters depth. Bearing capacity of the sandy layers
are medium to low.

(2} Section B-B' Line

The thick sandy layers are deposited at west side and the banks of
the Rio Chico River. On the contrary this clayey Tayers are depo-
sited at the San Antonio Swamp. Bearing capacity of the both type
layers are medium and/or high.

{3} Section C-C' Line

On this section uppermost layer consists of sandy materials with
medium bearing capacity then clayey layers are deposited. Talus
deposites are located at the surface of the foot of Mt. Arayat.

4.2 Diversion Dam

As seen on Fig. 4.2, relatively firm layer, weathevred tuff breccia,
was encountered at around 5 or 7 meters depth along the dam axis accord-
ing to the results of SPT and Dutch cone sounding. In-situ test results
between SPT and Dutch cone sounding show rather good conformity in the
depth of firm layer which is composed of weathered tuff breccia.

On the other hand, the Dutch cone sounding results along the center
line of spillway aate section show that such relatively firm Jayer as
the above underlies at slightly deeper position, i.e. 10 to 12 m, than
that along the dam axis. This fact may suggest that the peak of ridge
which extends from the foot of Mt. Arayat approximately conform to the
diversion dam axis.
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Accordingly the diversion dam may be founded directly on the
weathered tuff breccia although a few meters highly weathered upper
portion will be required to be cut away, because N-value of this layer
is more than 50 nos. of blow. It shall be noted, however, that the
thickness or distribution of the layer has not been confirmed yet
because of the mechanical limitation in capacity of wash boring and
Dutch cone sounding. '

4.3 Pumpinag Station

As seen on Fig. 4.3, Dutch cone sounding result shows that con-
siderably firm sandy stratum of which gc value is about 200 kg/cmZ or
more, was found at about 28 m depth from the ground surface, although
thin sandy strata were recognized to be intercalating at shallower
depth. The result of Dutch cone sounding does not conform to the
result of electric prospecting, but roughly conform to that of SPT for

the Arayat bridge foundation which locate close to the proposed pumping
station.

Such firm sandy stratum is considered to be a suitable bearing

stratum for the foundation of pumping station, while thin firm strata
are not.

4.4 Levee, Canal Embankment and Related Structure

The project area along the Tevees and canal routes is covered with
thick Quarterhary sedimentary deposit mainly composed of normally con-
solidated clayey layers and poorly cemented sandy layers. In general,
it may be pointed out that relatively firm layer on which large scaled

structures will be founded is encountered at deeper position toward
downs tream.

(1) Correlated columnar sections of the project area are shown on
Fig. 4.1, From these soil profiles, Quarternary deposits in the
back swamp on which levees and canals will be founded are roughly
divided into following five layers.

Uppermost iayer is composed of silty or clayey soil having
thickness of about 5 to 10 m. The strength parameters of
this layer are estimated as below:

Cu = 0.15 (kg/cn?) = 1.5 (t/m?)

gu = 0

I

Second layer underlying the uppermost layer is composed of
sandy soil having thickness of about ] to 5 m. This layer,
however, seems to exist only along the present Pampanga
river banks, and not in the back swamp located far from the
river. The west main canal is situated on the back swamp,
while the east main canals and the levees are situated close
to the Pampanga river. The sandy layer is expected to much
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(2)

contribute to pile foundation as a bearing stratum. The pile
length may be 5 to 10 m. N-value of 10 is rather conservative
as the design value, Estimated shear strength parameters are

as below.
Cy = 0
gu = 30°

Third layer is mainly composed of silty and clayey soil inter-
calating thin sandy Tayers. This Tayer distributes approxi-
mately 8 to 25 m in depth. N-value of it roughly ranges from
2 to 5. Estimated shear strength parameters are as below.

Cu = 0.2 (kg/cm) = 2 {t/m2)
dgu =0

i

Fourth layer comprise with alteration of silty or clayey layer
and sandy layer. This seems to be getting harder downward,
that is, N-value ranges from 10 to 40 toward deeper portion.
It may extend down ta 50 or 60 m in depth. However, it shall
be noted that this estimation is made from only one bore hole.

Fifth layer is remarkably hard, that is, N-value is more than
50. The Tayer is hard enough to support any Targe scaled
structural foundation., Estimated shear strength parameters
are as below.

Cu =20

gu = 45°
On the other hand, natural levees develop well on both banks along
the Pampanga river. They are quite suitable for small scaled
structural foundation. It is expected to have N-value of more
than 10. The following shear strength parameters are recommendable
for this layer.

Cu=20

gu = 30°

Settlement Characteristics

Since the project area is covered with thick clayey sedimentary
deposits, fairly large consolidation settlement due to applied
Toads is expected. Amount of settlement can be estimated by using
laboratory consolidation test results. Since the consolidation
test, however, has been carried out only for undisturbed soil
samples taken from the 1imited drilling holes and depths, precise
prediction of settlement may not be executed for the whole project
area. In this situation, three subsoil models and their settiement
characteristics (e vs. log P curve) have been established, which
corresponds to the route division of Pampanga river improvement
(see "Data Book").
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(4) Permeability Characteristics

The result of grain size analyses suggests that permeability of
soft ground may be fairly small, although no field permeability
test was carried out. The coefficient of permeability may be in
the order of 10~5 cm/sec at most, which will not result in any
practical problem.

4.5 Salinity Control Gates

Salinity control gates are located at downstream stretch of the
river. Since these gates require relatively large bearing capacity for
their foundation, and also require to minimize uneven settlement for
their smooth gate operation, pile foundations supported by the hard
fifth layer aforementioned are recommended., The reguired pile Tength
may be 50 or 60 m.
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CHAPTER 5  CONSTRUCTION MATERIALS

5.1 Impervious Material

The geotechnical suryeys for embankment materials are composed of
the test pitting in-situ (see Fig. 5.1 - 5.2) and laboratory soil tests
for impervious materials taken from the test pittings. The test pits
located close to the levees and canals are such six pits as PE-1 to PE-6.
In the design of embankment, it is expected that use of riverside Tand
materials such as dredged material, etc. is more economical. The engi-
neering properties of material in the above test pits are deemed to
represent those of riverside land materials as well as those of protect-
ed Tow land ones, according to the field observation and laboratory
tests. Therefore, the following discussions are valid for the materials
both from riverside land and protected low land.

(1) Shear Strength

. According to the triaxial compression tests, the average shear
strength parameters are as below.

1

UU-test; Cu
CU-test; C'

0.38 kg/cm ¢ = 11.0°
0.18 gi= 32.3°

In slope stability analysis of embankment, UU-test result is appli-
cable against short-term stability (end of construction) and TU-
test is against long-term stability, respectively. On the other
hand, it is applicable to determine a typical section of embankment
by using the Taylor's stability diagram and UU-test result as a
preliminary design. Following values are recommendable for
embankment design.

n

I
[an]

0.25 kg/em?, gu =
0.1 kg/cm?, ¢

UU-test; Cu
CU-test; ¢

25°

(2) Permeability

A1l impervious materials which belong to CH or CL in the unified
soil classification system are relatively high plastic cohesive
s0ils. This kind of cohesive soil is generally impervious after
compaction under proper water content. The laboratory permeability
test result has proved it, that is, the coefficient of permeability
ranges from the order of 10-6 to 10-7 cm/sec excluding a few ex-
ceptions under Standard Proctor effort and natural moisture content.
These coefficient of permeability are low enough for the required
imperviousness of levee and canal embankments. The following

design value is recommendable.

k=1 x 10-% em/sec
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(3} Compaction/Trafficability

Proctor compaction test shows that the discrepancy in optimum
moisture content (OMC) and natural moisture content (NMC) is more
than 10% in most test cases. The fact suggests that trafficability
of compaction equipment in construction may be rather poor. De-
watering during material handling may be primarily necessary.

(4) Cracking/Piping

Most of earth materials are very fine graded, that is, fines under
#200 sieve is more than 80%. Such fine materials may cause crack-
ing in embankment in case compacted under dryer moisture content
than OMC. However, since they are relatively high plastic materials
PI > 15, if compaction would be made under wetter moisture content
than OMC, it might not result in cracking and piping phenomena.

5.2 Rock Material

Rock materials used for the project may be exploited from Mt. Arayat
which is Tocated at the north fringe of project area. Main body of
Mt. Arayat 1s composed of basaltic rocks. The surface portion of moun-
tain slope is generally covered with clayey top soils and weathered
basalt having thickness of 7 to 12 m.

Rock materials for masonry work and concrete coarse aggregate may
be exploited from relatively fresh basalt beneath the weathered portion,
while those for concrete fine aggregates be exploited also from a part
of weathered basalt.

5.3 Sand-Gravel Material

_ Three sand-gravel material sources, the villages "Porac",
"Penaranda” and "Sta. Rosa" were surveyed for concrete aggregates. The
material qualities of these sources are generally good for concrete
aggregates according to the laboratory test results, although some
gradation adjustment would be required by screening or crushing process.
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CHAPTER & =~ EARTHQUAKE ENGINEERING

6.1 General

The Phillippine archipellago is situated on the Circum-Pacific
earthquake zone and has frequently experienced strong earthquakes up
today. The Phillippine Weather Bureau prepared a earthquake map in 1955
in which the annual average numbers of felt earthquakes are shown during
the period of 56 years from 1862 to 1918, as shown on Fig. 6.1,

From the figure, it is clearly seen that the most seismically active
zone exists in the region of the Samar Leyte and east part of Mindanao
islands, followed by the northern Luzon and the Manila-Taal regions.

The tectonic and seismic map of Luzon island is shown on Fig. 6.2
prepared by National Irrigation Administration in the "Report of Irri-
gation Development Plan for Central Luzon (1978)". Epicentral map of
significant earthquake for Luzon from 1949 to 1978 is illustrated on
Fig. 6.3, Data on violent earthquakes that have affected Manila so far
are listed in Table 6.1.

6.2 Design Earthguake Coefficient

(1) Earthquake Data

According to the Weather Bureau, 190 earthquakes with magnitude of
more than 5.0 are recorded within 300 km of radius from Mt. Arayat
“which is selected as the representation point in the project area.
For the study on earthquake of the project, 48 numbers of earth-
qugkes age examined out of the said 190 earthquakes, as shown in
Table 6.2.

(2) Estimation of Horizontal Ground Acceleration

/1

Horizontal ground acceleration is estimated by Iwasaki's formulat—
for the ground condition of Type 111 as follows:

Hmax = 59.0 x '[00'26”4 X (A + 10)*0.886

where, Hmax: Horizontal ground acceleration (gal)
M: Magnitude of earthquake (Gutenberg-Richter)
A:  Epicentral distance (km)
Type IIl Ground: Alluvium with thickness of less than 25 m

The calculated ground accelerations at Mt. Arayat are listed in
Table 6.3.

/1: "Statistical Analysis of Strong-Motion Acceleration Records”
by T. Iwasaki et al. Civil Engineering Journal VYol. 23, No. ¢
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(3)

(4)

Estimation of Maximum Ground Acceleration

In a Probable Return Period

The procedure of estimation is based on the plotting position of’
earthquake data as nonannual exceedence series as below.

1.

Arranging of data in order of magnitude of acceleration
Table 6.3

The average number (X) of expected earthquake during N years

2.
in future, of which ground acceleration is equal to or exceeds
the m-th ground acceleration of earthquake record in the past
n years, is given as follow:

= N2
X =N -

3. Return period (TE) is defined as the N years if the X is one

in the above equation as below.
= N = n.n
TE =N=1Xx il

4. The correlation between ground acceleration and return periods
is plotted on log-logarithms as shown on Fig. 6.4,

5. The expectancy of ground acceleration for required return
period is obtained graphically or by the least square method
as follows:

Return Period (TE) Max. Ground Acceleration
50 (years) 66 (gal)
100 84
200 106

Conclusion

1. Estimated max. ground acceleration is 84 gal, in case the
return period is 100 years which is practicable from the
standing point of the project 1ife.

2. Since the recording period of earthquake data, however, is
only 30 years, there may be some possibility that the esti-
mation is too optimistic.

3. It is known that several projects in the Phillippines adopted
the earthquake coefficient of 0.12 (120 qal).

4. Considering the above c1rcumstances, it is recommended that

the earthquake coefficient of 0.12 is applied for this
project.
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Table 2.1 (1)  GEOLOGICAL CLASSIFICATION

ZAMBALES MOUNTAINS

~_Sedimentary and Metamorphic ~ Igneous Rocks

Symbol Rocks Age Symbo] Rocks

~ AlTuvium fluvistile coral| Altuvium
R reel
Flood plain deposite

Marine and terrestrial

' Pleisto~ | QVP Pyroclastics
§§§}m$?$25§§ﬂlasse) cene Volcanic debris
Ny + Oy Pyroclastics, Marl
Qv Pyroxene
Pliocene andesite, Dacite

Basaltic rocks
Marine clastics {malasse)
Tuff, Tuttites, Tuffa-

Nz ceous sedimentary rocks,
Calcarenite, Silty lime-
stone
Micocene
Marine deposits
Wackes, Shales, Reef none
Timestone Conglomerate
N1 Basic to intermediate
flows, Pyroclastics
Otigocene
v Spilites, Basaitic
Andesite
Palaeocene
Peridotite
uc Gabbro, Diabase.
{Ultramafic Pluto-
microcks.
Spilitic
Cretaceous K and basic flows
Graywackes.
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Table 2,1 (2)

SIERRA MADRE MOUNTAINS

GEOLOGICAL CLASSIFICATION

Sedimentary and Metamorphic Rocks

Igneous Rocks

Symbo1 Rocks Age Symbol Rocks
R Alluvial plain deposites |Alluvium
Molase, Reef limestone Pleis-
Ny + Q Pyroclastics, Marl tocene
Laterites
P1iecene Quartz diorite,
Molase, Tuff, Tuttites. ‘ Granodiorite,
Tuffaceous sedimentary NI Diorite porphyry.
rocks, Calcarenite. Dacite.
Silty limestone Miocene
Marine deposites.
Wackes, Shales, Reef .
Ny limestone, Conglomerate | 91190~ Keratophyre.
. : cene Andesite flows
Basic to intermediate sz Pyroclastics
flows, Pyroclastics. Chert
Wackes, Shales, Conglome- Eocene Dacite and andesite flows
rate, Reef limestone, Include Eocene
Pg] Calcarenite, Dacite and Sedimentary rocks.
Andestic flows, Pyroclas- © p
tics < gl
a
&
. o
Graywacks, Metamorphosed |~ &
Kp shale. Spilitic, basic |& o
g and intermediate flows, §
Pyroclastics ;:e spilitic and basic Flows.
Graywackes
' Creta— K Include Cretaceous
K Graywacke-shale, Spilitis c sedimentary rocks.
eous
? ?
Metamorphic rocks
BC Amphiblite, Quartzofelds- | Pre-Ju-
pathic and mica schist. rassic

Phyilite sTate Marble.
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Table 2.1 (3) GEOLOGICAL CLASSIFICATION.

LUZON_PLAIN

Sedimentary and Metamorphic Rocks Igneous Rocks
Symbol Rocks Age Symbol Rocks
R Sand Alluyium R
Gravel
Clay
Silt Pleis-
Molase tocene Andesite
N3 + Q1 Pyroclastic Qv Dacite
Marl. Tuff Andestic plugs
Pliocene Basalt
Molase
Tuff
Tuffaceous Miocene
sedimentary
Silty 1imestone
-
?
' 0Tigocene
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Table 3.2  WORK QUANTITY OF ADDITIONAL SURVEY
(JUL. 1981 - AUG. 1981)

Diversion Damsite Pumping Station Site

Boring with SPT 3 numbers
18.5 m in total

Dutch cone sounding 4 numbers 1 number
35 m in total 29 m

Electrical prospecting 2 lines 2 Tines
1,900 m 800 m

Remarks: No Laboratory test was carried out
in this survey.
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Table 3.3

LIST OF STANDARD PENETRATION TEST

Site No. D?ﬁgh aﬁmglﬁ Location

Upstream B-1 20 2 Right bank of Pampanga River
Upstream B-2 20 | 3 Right bank of Pampanga River
Upstream B-3 20 4 Right bank of Pampanga River
Upstream B-4 30 4 Right bank of Pampanga River
Upstream B~b 20 3 Mid-land of San Antonio Swamp
Upstream B-5 20 2 Left bank of Pampanga River
Upstream B-7 20 3 Left bank of Pampanga River
Upstream 8-8 20 3 Left bank of Pampanga River
Upstream B-9 20 3 lL.Left bank of Pampanga River
Upstream B-11 30 4 Spillway
Upstream B-12 30 4 Intake
Upstream B-13 30 2 Intake of canal
Upstream B-14 30 2 Intake of canal
Upstream B-15 30 2 Intake of canal
Downstream B-16 30 4 Intake of short cut canal
Downs tream B-17 20 3 Candaba swamp
Downstream B-18 30 4 Left bank of Pampanga River
Downs tream B-19 30 4 Intake of short cut canal
Downstream B-20 20 3 Left bank of Pampanga River
Downstream B-21 60 8 Water gate (weir)
Downstream B-22 30 4 Water gate (weir)
Downstream B-23 30 4 Water gate (weir)
Downstream B-24 30 4 Water gate {weir)
Downstream B-25 20 3 Short cut canal
Sub-total 650 82

BH~1 5 Diversion dam

BH-2a 5.5 Diversion dam

BH-2b 8 Diversion dam
Sub-total 18.5
Grand Total 668.5
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Table 3.4

LIST OF DUTCH CONE PENETRATION TEST
Site No. ng?“ Location

Upstream D-1 20 Left bank of Pampanga River
Upstream D-2 20 Left bank of Pampanga River
Upstream D-3 20 Left bank of Pampanga River
Upstream p-4 20 Left bank of Pampanga River (B-8)
Upstream D-5 20 Left bank of Pampanga River
Upstream D-6 20 Left bank of Pampanga River
Upstream D-7 30 Mid-land of San Antonio Swamp
Upstream D-8 20 Light bank of Pampanga River
Upstream D-9 20 Light bank of Pampanga River
Upstream D-10 20 Light bank of Pampanga River
Upstream D-1 20 Mid-land of San Antenio Swamp
Upstream D-12 30 Mid-land of San Antonio Swamp
Upstream D-13 30 Right bank of Pampanga River
Upstream D-14 30 Right bank of Pampanga River
Upstream D-15 30 Right bank of Pampanga River
Downstream D-16 30 Intake of short cut canal
Downstream D-17 30 Left bank of Pampanga River
Downstream D-18 30 Right bank of Pampanga River
Downstream D-19 30 B-19
Downstream D-20 30 Left bank of Pampanga River
Downstream D-21 30 Right bank of Angat River
Downstream D-22 30 Short cut canal
Downstream D-23 30 Short cut canal
Downstream D-24 30 Short cut canal
Downstream D-25 30 Short cut canal
Sub-total 650

DC-1 7 Diversion dam

DC-2 7 Diversion dam

DC-3 10 Diversion dam

DC-4 11 Diversion dam

DC-5 29 Pumping station
Sub-total 64
Grand total 714
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‘Table 3.5

LIST OF CORE DRILLING

: Depth :
Site No. (n) Location
Quarry BR-26 20 East foot of Mt. Arayat
BR-27 20
Total 40
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Table 6.1

VIOLENT EARTHQUAKES THAT HAVE AFFECTED

MANILA IN HISTORICAL TIMES

Intensity in

Date Manila Remarks

1589 VII Violent

1589 Jun, 21 VIII Destructive

1601 Jan, 1 IX Destructive, many persons injured

1601 Jan, 16 VII Violent

1645 Nov. 30 X Very destructive, Targe number of
people kiiled and injured

1645 Dec, 5 VII Violent

1658 Aug. 20 X Destructive, few killed and many injured

1665 Dec, b VII Vilent

1677 Dec. 7 IX Destructive, three killed and many injured

1684 Aug. 24 VII Violent

1750 Mar. 10 VII Violent

1767 Nov. 13 VII Violent

1770 Dec. VII Violent

1771 Feb. 2 VIII Destructive

1796 Oct. VIII Destructive

1787 Feb, VII Violent

1824 Oct, 26 VIII Destructive

1828 Nov. 9 VI Violent

1829 Dec., 17 VII Violent

1830 Jan. 18 IX Destructive, several victims

1852 Sep. 16 IX Destructive

1862 Mar. 4 VII Violent

1862 Jun. 3 X Very destructive, 320 killed and
many injured

1863 Jul. 3 VIII Very violent

1869 Oct. 1 VIII Destructive

1872 Dec. 29 VIII Very violent

1877 Jun, 2 VII Violent

1880 Jul. 18 X Very destructive, 20 victims

1881 Aug. 15 VII Violent

1885 Nov. 19 VI Violent

1889 May 26 VITI Destructive

1901 Feb. 14 VII Violent

1923 Nov. 1 VII Violent

1923 Nov, & VII Violent

1937 VII or less Strong, damaged few buildings

1968 Aug. 2 Vil Destructive, more than 300 persons

killed
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Table 6.2 (1)  VIOLENT EARTHQUAKES THAT HAVE AFFECTED
PROJECT AREA IN 1949-1978

Epicenter A

(1) o<A < 100 km, M>5.0

1 1962 Oct. 28  14°48'  199°42' 5.0 98.0  Iba-VI

2 1963 Feb. 25  15°30'  121°18' 5.0 67.0  Baler-V

3 1963 May 17 15°50'  120°10' 5.0 73.0  Iba-V

4 1967 May 5 15.3° 119.8° 5.1 98.0  Iba-IV

5 1968 Jun. 6  14.9° 119.9° 5.4  100.0  Iba-II

6 1968 Aug. 6  15.5° 121.9° 5. | 80.0  Manila-II
7 1968 Aug. 10 15,5° 121,6° 5.4 80.0  Manila-IV
8 1968 Aug. 13 15.6° 121.8° 5.1 85.0  Manila-II
9 1968 Aug. 22 15.6° 121.5° 5.2 80.0 Manila-1V
10 1968 Aug. 29  15.4° 121.9° 5.3 85.0  Baler-II
11 1968 Aug. 29  15.9° 121.7° 5,2 95.0  Manila-V
12 1968 Sep. 19  14.9° 120.1° 5.1 67.0  Manila-III
13 1968 Sep. 22 15.7° 121.9° 5.3 99.0  Baler-1V
14 1969 Oct. 6  15.1° 119.8° 5.6 85.0  Iba-VI

15 1970 Apr. 7  15.8° 121.7° 6.4 95.0  Major earth
16 1970 Apr. 7  15.8° 121.8° 5.1 95.0  Bagujo-III
17 1970 Apr. 7 15.4° 121.7° 5.1 80.0  Lucena-II
18 1970 Apr. 7 15.7° 121.9° 5.7 95.0  Baguio-IV
19 1970 Apr. 7 15,5° 121.9° 5.5 95.0  Tomalig-II
20 1970 Apr. 7 15.4° 121.8° 5.2 85.0  Baguio-II
21 1970 Apr. 8  15.3° 121.6° 5.2 80.0  Baler-1IV
22 1970 Apr. 8  15.4° 121.8° 5.7 85.0  Baler-V

23 1970 Apr. 12 15.2° 122.0° 5.6  100.0  Pasay-IV
24 1970 Apr. 12 15.1° 121.9° 5.0 80.0  Manila-III
25 1970 Apr. 22 15.3° 121.8° 5.0 80.0  Manila-II
26 1970 May 1 15.7° 121.8° 5.5 95.0  Baler-V

27 1970 May 6  15.7° 121.7° 5.2 95.0  Manila-III
28 1970 Jun. 16  15.4° 122.0° 5.1

95.0 Manila-I1I1
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Table 6.2 (2)  VIOLENT EARTHQUAKES THAT HAVE AFFECTED
PROJECT AREA IN 1949-1978

No. Date —plcenter M (k) 1

29 1871 Jul. 4 15.6° 121.9° 5.5 90.0 Baler-Y

30 1971 Jul. 20 15.3° 120.3° 5.4 45.0 Iba-11

31 1971 Jul. 20 15.3° 120.3° 5.4 45.0 Iba-VI

32 1972 Mar. 16 156.7° 121.8° 8.1 90.0 Baler-VI

33 1973 Jul. 18 14.9° 119.9° 5.1 95.0 Manila-II1

34 1976 Feb. 13 15,6° 121.7° 5.4  85.0 Manila-V

35 1977 Jan. 10 15.3° 121.8° 5.0 85.0 Baguio-1I1

36 1977 May 12 16.0° 121.1° 5.0 98.0 Baguio~VI

37 1977 May 21 15.7¢ 120,8° 5.7 45.0 Dagupan-1IV

38 1977 Jul. 17 14,9° 120.0° 5.2 80.0 Iba-11I

(2) 100<A<300 km, M>6.0

39 1949 Dec. 21 17.0° 121°38" 6.2 185.0 Tuguegarao-VII

40 1950 Jan. 3 17.0% 121°38" 6.2 185.0 Tuguegarao-VII

41 1957 Jun. 11 17°40" 120.0° 6.2 240.0 Yigan-VII

42 1968 Aug. 16.5° 122.3° 7.3 185.0 Manila

43 1970 Feb, 5 12.6° 122.2° 6.0 280.0 Romblon-VI

44 1972 Apr. 25 13.4° 120.3° 6.2 160.0 Lubang-VI

45 1973 Mar, 17 13.4° 122.8° 7.0 245.0 Visayas-VI

46 1977 Mar, 18 16.8° 122, 3° 6.2 200.0 Tuguegarao-VII

47 1977 Jul, 21 16.9° 122.4° 6.1 215,0 Tuguegarao-VI1I
48 1977 Aug, 29 17.4° 117.9° 6.0 235.0 Manila-11

Remarks: Ar  Distance from epicenter
M: Magnitude '
I: Seismic intensity
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Table 6,3  COMPUTED MAX ACCELERATION IN
ORDER OF MAGNITUDE (BY IWASAKI)

mn No Magnitude Distance Acceleration Return Period
' M A (km) H max (gal) Tr (years)

1 37 5.7 45 52.0 30

2 15 6.4 95 44.7 15

3 30 5.4 45 43.6 10

4 31 5.4 45 43.6 7.5

5 22 5.7 85 32.1 6.0
6 14 5.6 85 30.2 5.0
7 18 5.7 g5 29.3 4.3

8 7 5.4 80 28,1 3.8

9 29 5.5 90 27.2 3.3
10 12 5.1 67 26.9 3.0
11 34 5.4 85 26.8 2.7
12 19 5.5 95 26.1 2.5
13 26 5.5 95 26.1 2.3
14 2 5.0 67 25.4 2.1
15 10 5.3 85 2h.3 2.0
16 9 5.2 80 25.0 1.9
17 21 5.2 80 25.0 1.8
18 23 5.5 100 25,0 1.7
19 38 5.2 80 25.0 1.6
20 20 5.2 85 23.8 1.5
21 3 5.0 73 23.7 1.4
22 5 5.4 100 23.5 1.4
23 6 5.1 80 23.4 1.3
24 17 5.1 80 23.4 1.3
25 13 5.3 99 22.4 1.2
26 8 5.1 85 22.3 1.2
27 24 5.0 80 22,1 1.1
28 25 5.0 80 22.1 1.07
29 27 5.2 95 21.8 1.03
30 11 5.2 95 21.8 1.0
31 32 5.1 90 21.3 0.97
32 35 5.0 85 21.1 0.94
33 33 5.1 95 20.4 0.9
34 28 5.1 95 20.4 0.88
35 16 5.1 95 20.4 0.86
36 4 5.1 98 19.9 0.83
37 1 5.0 98 18.8 0.81
38 36 5.0 98 18.8 0.79

Remarks: TE = 30/m

11T - 29



	APPENDIX II HYDROGY
	FIGURES

	APPENDIX III GEOLOGY AND SOIL MECHANICS
	TABLE OF CONTENTS
	CHAPTER 1 INTRODUCTION
	CHAPTER 2 GEOLOGY AND TOPOGRAPHY
	2.1 Introduction
	2.2 Geology
	2.3 Topography

	CHAPTER 3 SUBSURFACE EXPLORATION
	3.1 General
	3.2 Exploration for Structure Foundation
	3.3 Exploration for Construction Materials

	CHAPTER 4 FOUNDATION OF PROPOSED STRUCTURE
	4.1 San Antonio Reservoir Dam
	4.2 Diversion Dam
	4.3 Pumping Station
	4.4 Levee, Canal Embankment and Related Structure
	4.5 Salinity Control Gates

	CHAPTER 5 CONSTRUCTION MATERIALS
	5.1 Impervious Material
	5.2 Rock Material
	5.3 Sand-Gravel Material

	CHAPTER 6 EARTHQUAKE ENGINEERING
	6.1 General
	6.2 Design Earthquake Coefficient

	TABLES


