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Conclusions and Recommendations

1. Conclusions

Studies for the Angat Dam Rehabilitation Project were made on the

following five problens.
i. Discharging capaﬁity of thé spilluay.
ii. Stability of the dam and the dyke.
iii. Poésibility of ]andsliding at the ex-batcher plant site.
v. .Séepﬂge through the dyke.
SV .Leakage from the penstock.

The pertinent conclusions from the results of the studies are as

follows:
i. Discharging Capacity of the Spillway:
. The spillway of the Angat dam is capable of spilling flood
inflows of whatever magnitude, insofar as the high water level
(IM1,) of the reservoir is held at EL 212 m,

ii. Stability of the Dam and the Dyke:

. About two decades have passed since the dam and the dyke vere

built, bul no vemarkable damages have been found out since then.

. The dam and the dyke pose no particular safety problems under

stalic condition.



iki.

iv.

. There is _a possibility of local sliding on Lhe slopes with a

steeper gradient, if and when an earthqﬁake with a large seisnic
intensity occurs. The sliding, if occurred, however, would be
limited only to the portion close to the surface of the slopes,
and wno catastrophic damage is !ikel§ to occur in its

consequence.

It is, therefere, considered unnecessary to take an immediate

action for any rehabilitation work.
Possibility of Landsliding QL the Rx-Batcher Plant Site:

A lérgefscale landslide occurred in LQBG'at the fill-up ground
for the concrete mixing plant for construction work, but the
ground has remained unstable since then. Under such unstable
condition particularly against rainfall,; it is very likely that
a landsliding would re-occur, if a heavy rainfall hits the avea

again.

It is, thercfere, mandatory to take an immediate action for any

protective measure against possible landsliding.
Seepage through the Dyke:

The loss of water due to seepage through the dyke is estimated
Lo be aboul 261,000 m3 a year, or 8.3 liters'per second, and the
resultant loss of energy production is estimated Lo be 56,100

kWh a year at most.

Seepage of water would predominantly be through the left bank
abutment of the dyke at elevations higher than El, 190 m.

1t appears that seepage of water through the dyke is currenlly
in the stable slate with ne prospect of augmentation in Lhe

immediate future.



llence, il. is not considered necessary to take an imgediate

action for any rehabilitation work.
Leakage from the Penstock:

It is believed that the rate of water leakage from the peastock
into the surrounding mountain masses would have increaseéd with
time. The leakage rate as of 1982 is eslimated to be 0.7 m™ per

second.

. The 1locations of lecakage are approximated to be in the

vicinity of the bifurcation point of the penstock and of the

connection with the concrete -tunnel.

it is mandatbry Lo make repair at the soonest possible

convenience.

2. Recommendations

2.1. Rehabilitation Plans

items discussed in this Report for the necessity of rehabilitation

are as follows:

iii.

Protective measure against possible landsliding at the ex-

batcher plant site.
Prevenlive measure apgainst seepage Lhrough the dyke,

Repair of the penstock to eliminate leakage.

Recurrence of a large-scale landsliding at the ex-batcher plant

si

te may produce a scrious effect on the water supply to HMetro

Manila and a far-reaching consequence te the social activities.

The protective measure apainst possible landsliding  should,



2.2.

therefore, be given top priority. The cost estimate for the slope
reformation work considered as the protective measure is estimated

to be UYS$4A37,000, and the time rvequired for the work to be about

nine months.

The present state of waler' seépage through . the dyke is not
considered ’dangefqus"in' terms  of . the structural stability.
Besides, the bemefit that can be derived from the implementation
of‘thc p;eVentive.méasure will be too small against the cbst worth
expending for_ the measure. 1t is, thergfore, ‘not considered
necessary t6 téke.an immediateuaction for any rehabilitation work.
However, in an event that:the amount of seepage teands to increase
due to an earthquake or dthef natural phenomena that m#y break the
present. state of eqhilibrium; an appfdpriaté rehabilitation work
should be implemented. The cost estimate for grouting work
considered as the preventive measure is eslimated to be about

U5$380,000.

Leakage from the penstock poses a very serious problem for Lhe
safety of the Angat power plant. It is, therefore, absoluiely
necessary to make internal inspections at an earliest time as
possible to pinpoint the exact locations of leakage and identify
the magnitude of defectls, so as to establish the procedures for

repair.

Safety Control of the Dam Structure

The dam and the dyke are wooded with trees and plants. These
trees and plants are fnot only obstructive to visual inspections,
monitoring and maintenance works, but harmful to the dam and dyke
structures as movements of their trunks and roots by strong winds
may loosen the embankments. They must be felled or grubbed for
proper impliementation of inspeclions and maintenance vork, as well

as for the safety of the dam and dyke structures.



2,

3.

Monitoring Activities

1t is very essential to continue thé monitoring activitjes that

‘have been put in'practice.' It is particularly necessary to keep

vigilaht watches on the behaviqf_of scepage through the dyke, as
there is a possibility ofIAUgméntation of  Lhe seépage rate due to
dccﬁfrence of an earthqﬁake,.etc. that may break the present state
of cﬁuiiibriUm, though'it is currenil&Iin the slable state with no

prospeét of augmentation in the immediate future.

“The daﬁ and dyke slopes may be locally unstable under condition

with the earlhquake effect with ‘an  unusually large seismic

intensity. Tn an event that an earthquake of greater'than 70 gal

occurs, it is mandatory to make the additional inspection and

slope survey to check if the slopes have undergene any changes or

damages.

Por the Angat power plant, it is particularly desirable to post on
a permanent basis a civil engincering stafif who is responsible for
inspection and maintenance of the dam and the associated civil

structures.
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2.

Preface

This is the sumary of the Final Report zoh'.the Study for
Rehabilitation"Project of the Aﬁgat Dam owned and operated by
National Power Corporation of the Republic of the Philippines

{hereinafter referred to as NAPOCOR).

The principal objectives of the Study 'féf Hehabilitatioﬁ Project
{hereinafter referred tq as thé_Study) are Lo investigate the actual
state of thé;dam_ahd its associated facilities, to formulate the
addipional fieid.survey_and_dam ﬁonitoring works, to supervise such
works to be implemented by NAPOCOR, to formulate the standards for
safety COnifol of Lhe dam, and to ptepare‘bptimum réehabilitation
programs from Lechnical, economic and financi&l points of view,
wifhin thé specified study period of about 17 months from September
1987.

At the inception of the Study, Lhe scope of work included the field
investigatibn of leakage from the penstock and the turbine draft
tube, in addition to the investigation of the landslide at the
ex-batcher plant site and seepage through the dyke. The leakage of
the pensteck was then considered most c¢ritical in wurgency and
fmportance among the investipation items, but it has, after all,
been left uniﬁspected, because of no chances for reasons on the
NAPOCOR side to dewater the penstock throughout the specified study
period, and none of tLhe detail of the leakage and the damages of the
penstock has_been identified. From this point of view,‘it can be
said that the Study has yet to be finalized with essential items
being left uninspected. —

Background of the Study

The Angat Hydroelectric Power Plant is located some 35 km northeast
of Hanila City, Fhilippines. The dam and the associated facilities

were designed by Harza Engineering Co., ~ Chicago, 1llinois,

U.S.A. The plant was completed in 1966 and commissioned in 1967,



The Angat dam is a wvockfill dam with an inclined impervious cote,.
131 m high .and 368‘ﬁilong in crest.. The reservoir with a catchment
area of 568 Rmz has an effeclive storage capacity of 850 million‘m:;.
Utilizing water in the reserveoir, the power plant is capable of
generating eleétricit).r at the rated capacity of 228 MW and is in
operation as one bf the main power sources to serve peak loads in

the Luzon Grid.

After aboul two decades have passed s.i_nce' its commissioning, the dam
has posed’ problems in safei:y cohtrdl,. and vehabilitation plans for
water leakage and 1andslidi'ng have' been worked out frem time to

time.

More attentions have been di‘fected to fiie.safety control probiems,
as more serious incidents arose one after another, iﬁ'éludin_g a large
landslide of the ground at and around the ex-batcher plant site,
which occurred in Awgust 1986, leakage from the pEnétock and the
turbine draft tube, and segpage throﬁgh the left abutment of the
dyke. These were considered to be in urgent need of rehabilitation

or repair.

While making their own investigations, NAPOCOR made an official
request through the Government of the Republic of the Philippines to
the Government of Japan for the technical assistance of the

rehabilitation propram.

In view of the wurgency and importance of the program, the Japan
Tnternational Cooperation Agency (herecinafter referred to as JICA),
responsible for implementation of techﬁicél ‘cooperation programs of
the Goverpment of Japan, responded to the request in sending a
pre-study mission to the dam site in February 1987, started a
full-scale investigation in September 1987, and has finalized the .

investigation to work out solutions ito the various problems.



3.1.

Scope of Work of the Study

At the 1ncept10n, lhe Study was princxpally leCCtLd to carry out

‘the work as itemized below:

(1) 1Iavestigation and inspection of SQQPQge'through the dyke built

on the left bank of the main dam.

(2) Investigation and inspection of the landslide which cccurred at
the ex-batcher plant site on the terrain of the left bank of
Lhe dam.

(3) Inveétigation and inspection of leakage from the penstock and
the turbine draft tube, and assessment of the present state of

power plént equipment and facilities.
Of the above three, however, item (3} had to be excluded from the
scope of work, because il became in no way possible for reasons on
the Philippine side to make internal ' inspections of the penstock
after dewatering.

The Study was conducted both in the field and in Japan.

Field Investigations

(1) Field Investigations by the JICA Study Team

Field invesLigations were made by the JICA Study Team during
a period from.September 17 Lo November 3, 1987. The Tean

menbers who joined the investipations were as follows:



Name ~— o Peviod  ~

{Dr.) Ryuichi Kozuki, Team Leader Sept.17 - Oct.16, 1987
Yutaka Matsui, Civil Engineer gct. S5 - Nov. 3, 1987
{Design)
Tkuo Kozu, Civil Hugineer Sept.17 - Nov. 3, 1987
' (Design)

{Dec, | ~ Dec.30, LO8Y
as a supervisor of the
field survey and
monitoring works)

Megumu Kawéhara, Geoldgist Sept.17 - Oct. &, 1987
‘Masaki Takahashi, Electric. Oct. 4 - Gct.la, 1987
Enginecr

(Electro-Mechanical) .
Nobuo Ohno, Mechanical Engincer  Oct. 4 - Oct.l4, 1987
{Metalwork) ' SR

The principal activities of the Team members for the field

investigations were as follows:

{1) Presentation of the Inception Report to NAPOCOR and
discussion on the Report with Lhe NAPOCOR staff.

(2) Collection of informalion and data related to the Study.
(3) Inspection of the dam and dyke structures.

(4) ']nsp6ction of the landsiide at the ex-batcher plant

site,

(5) Inspection of the spillvay . and the associated

atructures,



(2)

(6) Preparation of the “additional field survey and
monitoring pfograms and the technical specificalions

therefor.

(7) Surface inspection of the -penstock route and outward

inspeciion of power plant equipment_anﬂ facilities.
(8} Inspection of the existing monitoring systems.
Additional ¥Field Survey and Monitoring Works

The additional ficld survey and monitoring works programmed

by the JICA Study Team based on Lhe results of their field

inveSLigations have been carried out by NAPOCOR. To super-
vise these field survey and monitoring works, the Team
members {(lkuo Kozuki and Tamotsu Fujiwara) visited the Angat

project site four times during the specified'study period.

The details of the additional field survey and monitoring
works that have been undertaken by NAPOCOR are as shown

below.



Additional Yield Survey and'HoniLbEing'works

aap . § - ' . Date of
I Locatian Work {%Em Unit Quantity Complet ion®
Plane survey mz ' 65,000 ¥ebruary 1988
Survey — - 750 —
~ Cross sectioni m (3 sections) February 1988
. : 7 :
_ Left bank hole (u.o' ) Oclober 1988
Dyke Acrea Brilling ‘ ' 3m )
L ‘ . Center holg (70 ) Oqtober 1988
Dlsp;acement- point 3 March 1988
measurement : :
Leakage water l?ca— 1 March 1088
measurenent jtion
Survey Plane survey m2 151,000 Pebruary 1988
' Goological - TG T
iDrillin' investigation hole, {180 m} July 1088
Landslide 5 Installation
Area of inclino- |unit 6 July 1988
meter
Soil test Pit sampling |pit 3 December 1987
Test set 3 December 1987
Survey Plane survey h? 50,000 February 1988
Geological |, 0 1 | oetober 1988
v investigation (75 m)
Penstock Drilling “Inciallalion I S
Area -, _ hole 1 "November 1988
of piezometer
Leakage water location 2 Harch 1988
i measurenent _
Plane survey Cros§ m 300 March 1988
| section
) DISplacement point ) March 1988
Dam avea measurenent —
Seismograph point i ‘April 1868
Crack meter Spillway set | April 1988

% Date of completion of the additional field survey work and
installation of the wenibtoring systems.




3.2, Studies _and Analyses in Japan

Studies and analyses were made based on the various data obtained
from the field investigalions and surveys undertaken for the Study
since September 1987, as well as on the results of Lhe previous

investigatidns wade independently by NAPOCOR.
ltems dichsseﬂ in this Report are:
(1) investigation Lo check if the spillway capacity is adequate.

(2) TInvestigation to ensure Lhe stability of the dam and the
dyke. '

(3} TInvestigation of the possibility of landsliding at the ex-

batcher plant site.
(4} Investigation of seepage through the dyke.

In addition, the result of studies on the ieakage from the
penstock based on the data collected by NAPOCOR from their own
investigations was also included in the Report as a supplement, in
that 3t may have a serious effect on the safety of the Angat Power

Plant.

The Report alse proposes the implementation plans for the
rehabilitation project -based on the resull of invesiigations,
together with the economic analyses thereof, and recommends the
system to maintaiﬁ safely control of the dém structure and its

associated facilities,



4. Summary of the Study

4.1, Adéquagy of Spillway Capacily

In Section 2 of the Report, the adequacy of the spillway capacity
is discussed. The adequacy of the spillway capacity had been

reviewed several times, and the latest one was done in 1984,

To review the adequacy of the spillway capacity, it is necessary

to:

(1) Establish a basic patternldf the flood inflow to the dam
during the flood period,

(2) Determine the maximun limit of rise in the water level in the

reservoir during the flood period, and

(3) Confirm if the outflow from the dam during the flood period
would not exceed the maximum Llimit of discharge without

causing any damages to the downstream basin.

In determining the design flood inflow for rockfill dam, it is a
normal practice in Japan to use a 20% increase over the 200-year
flood inflow. The probable maximum flood inflow has alseo to be

taken into consideration.

In the Report, the probable inflow was calculated based on ' the
annual maximun inflow_(m3/sec) over the 30-year period from 1957
to 1987, as well as on the single day's and two,'three, four and

6m3) throughout each year

five consecutive days' maxipum runcff (i0
of the same périod, and the basic pattern of the probable inflow
for various return perieds (200, 100, 50 years, ectc.) was

determined based Lhereon. {Refer to Fig. 1.1.)



As ‘a result of these chléulations; it was found that the. peak
inflow for the 200-year return pgfiod uOuld be ?,850_m3lsec. and
the single day's and two, three, four and five consecutive days'
: o = _ 3
imaximum runoff for the same return period would be 339.3 x lOGm »
63 . 6 3 - 63 _ 6 3

A57.6 x 107w™, 560.8 x 10 m”, 656.7 x 10 m . and 718.0 x 10°m",

respectively.

The 20% increase over Lhe ZGO-yéar fiood inflow with svch inflow
patterné as above was applied to the case of the Anpat dam as the
design:fldqd inflow, and the maximum permissible water level at
this particular flood inflow was assumed to be at EL.218 m, with
the high water level (HWL) set al EL.212 m, taking inte account
the height of wave above the reservoir water surface due to winds,
and the minimum required freeboard of 1.5.m for fill type dan.

{Refer to Fig. 1.2.)}

Calculations of the rise in the water level were made on the

various assumptions for the design flood inflow.

The results indicate that, if the gate operation is done in such
manner as the flood inflow be discharged to keep the same water
level of EL.212.0 m, and be discharged in free flow condition at
full gate opening after the flow rate exceeds 2,400 m3fsec, the
water level would rise to BL.217.80 m. ‘This is, howevér, still

below the maximum permissible limit of EL..218.0 m.

The results also indicate that, even if the water level is kept at
EL.213.0 m, and the gate operation is done in such a manner as the
flood inflow be discharged in free flow condition at full gate
opening after the flow rate exceeds 2,300 mjfsec, the water level
would rise only Lo EL.218.12 m. This is a little over the maximum
permissible limit of EL.218.0 m, but this much of excess may not
pose any parbicular problems in dam operation. (Refer to Fig. 1.3.
and Tabte 1.1.)



Calewlations of the vise in the water level were also made on the
PMF magnitude flood inflow estimated on the basis of the data
prepared by the 1984 review team.

The results indicate that, if the gate operation 1s done in the
manner similar to the above, then the water level would rise to
FL.219.35 m. This is in excess of the maximum permissible limit
by 1.35 m. Houevér, the PMF magnitude is too severe to be
considered aé the desagn cxlterxa, and it may not be necessary to
consider any specific freeboqrd for such magnitude of flood
inflow, but may be considéfed enough to kéep ;the :freeboard ét.
lower than non-overflow section. Tf so, the naﬁimum permissible
limit in this case should be regarded as EL.219, 5 m (dam crest
elevation minus the helght of wave due to winds), and this 1mplles
that the present spillway capacity may be enough to’ spsll the
flood inflow evén of such magnitude. (Refer to Table 1.1.)

1t was also confirmed that, even if the fldod inflow is discharged
downstream through the spillway by such gate operation as
mentioned above, the rate of increase in the water level at the
Norzagaray site could be well within the limit of 30 cm/30 min.

that assures no damages to the downstrean basin.

The pertinent conclusion from the results of the above studies is
that the existing spillway capacily of the Angat dam may meet the
requirements of the respective Japanese standards, though not

sufficient enough.
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Table. 1.1

Design Flood Inflow

Ratio of Peak Outflow to Peak Inflow
during Floods for Various Return Periods

Return When Peak Water watér Héx. Max. Ratio of
Period Occurs Level Level Water |Discharge |Max., Out-
before with' Level (m3/sec.) | flow to
Flood All - (EL-m) : Max.
Infiow Gates Inflow
{EL-m} Full
Open
(EL-=)
200-Year| 60 hrs 212 213 218.12 5143 0.55
x 1.2 after : '
inflow
started
- do - 212 212 217.80 4977 0.53
- do - 211 211 217.51 4826 0.51
- do - 210 210 217.23 4684 0.50
54 hrs 212 213 217.87 5012 0.53
after
inflow
started
- do - 212 212 217.49 4815 0.51
PMF Magnitude Flood Inflow
Return Flood Water Water Max. Max. Ratio of
Period Inflow Level Level Water Discharge | Max. Qut-
before with Level (m3/sec.) | flow to
Flood All (EL~m) Max.
Inflow Gates Inflow
(EL-m) Full
Open
(EL-m)
PMF PMF Pattern{ 212 213 219.35 5810 0.69
- do - 212 212 219.29 S774 0.69
- do - 211 211 219.24 5747 0.68
- do - 210 210 219.20 5725 0.68

- 14




h.2.

§Lg§ility.of'§be Dam and the Dyke

In Section 3 of the veport, the stability of Lhe dam and the dyke
is discussed. The stabilitly analysis of the main dam and the dyke
was made on various loading conditions. As to the . reserveir

operating conditions; HWL,, LHL'and an abrupt reservoir drawdown

- from NWL ic LWL vere considered. .The carthquake cffect with Kh

vaiueuof 0.15 g was also considered as the additional loading

cqﬁdition. (Refer Lo Table 2.1.)

The judgement of  the safety was made by the safely factor against
sliding. The criterion for the judgerent was set at 1.2 or
greater under. normal loading conditions without the earth-quake
effect, and at 1.0 or greater under loading conditions with the

enrthduake effecl, The results of the analysis were as follows:

With regard to the stability of the upstream face slope of the
dam, it was found that Lhe loading conditions under which the
safety factor against sliding becomes smallest are the reservoir
operation al HWL accompanied with the earthquake with Kh of 0.15
g, except the case of an abrupt reservoir drawdown from HWL to
IWL. 1t was also found that the safety factor would be smaller at
the 1WL operation than at the HWL operation in case of the

sliding line assumed to pass through the core zone.

The properties of the core materials are unknown because of lack
of data and records during the construction. But, judging from
the results of analyses of residual soils, and of the core
materials used for the Binga and Ambuklao dams that were buiit
earlier than the Awngat dam, the internal friction angle (4) and
the cohesion (C) of the core materials for the Angat dam can be
assumed to be in the range of 25° and 6 tons/mz te 30° and 4

2 .
tens/m”, respectively.
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1f ¢ value of the rockfill and filter materials is assuwed to be
43°.and'35“,“respcctivg1y, the safety factor against S]iding of
the dam would be greater than 1.0, even under the loading
conditions (LHL with the earthquake effect) which may cause the
siiding to ﬁass through the core zone, in so far as ¢ value of the

‘core materials is larger than 25°.

"1f ¢ value of the rockfill materials is assumed to be larger than
45°%, the safety factor against sliding wauld be greater than 1.0,
~in. so far as é value of the core materials is larger than 22°.

(Refer to Fig. 2.1.)

Since it is a general pfagtice to use the rockfill materials wiLh
é value of larger than 43°, and the core ﬁatefials Qith'é value of
nearly 30° for rockfiil dams, the Angat_dam; if built in such
materials, would be safe against sliding under any loading
conditions, except the case of an abrupt reservoir drawdown from

WL to LWL,

Even under the loading conditions of an abrupt reserveir drawdown
from HWL (EL 217 m) to LWL (EL 180 m), the safety factor against
sliding would be 1.2, if no earthquake effect is taken into
consideratiun;. However, it would become smaller than 1.0, if the
earthquake effect is taken into consideration, in case where ¢
value of the rockfill materials is assumed to be 43°, while 4
value of the core materials to be smaller than 28°, or ¢ value of
the rockfill materials is assumed Lo be 45°, while ¢ value of the

core materials to be smaller than 26°.

Such loading condition (an abrupt drawdown from HWL to LWL) is,
however, too severe and unrealistic for the Angat dam, because it
has a considerably large reservoir surface area. Besides, it is
not likely that an earthquake with such a large secismic
coefficient of 0.15 g would cccur just at the time when the
reservoir water Jevel is down to LML. It was therefore still
considered safe that the safely factor would become even smaller

than 1.8 in such an event. {Xefer to Tables 7.2 and 2.3.)

~- 16 -



With regard to the downstream face slope of the dam, it appears
that no changes have taken place on the dam since its completion
from the fact that the measured glad1ent of 1:1.4 is 1dent1€a1

with the design drawing. {Refer to Flgs. 2.2 and 2.3. )

The safety factot against Slidiug of the dowhsttéan face slope
would be larger than 1.2 in statlc condltlon, when assumlng 4
value of the rockflll materlais is 43°, but would come down to
0.964 or smaller than 1.0 under the ioading cédditiqh# with the
earthquake with Kh of 0.15 g. The sliding,.if ﬁappened, however,
would be limited only to the portion clase to the slope surface of
~ the dam. Though it may not hecéssarily bé said that the slope is
absolutely safe against ény large earthquake, the occurrence of
such earthquake may not Jlead to a.disrupLiOn of the dam. The
'stahiiity anainis of the slope profile after removing the earth
slidden due fo the earthquake indicates that the safety factor
against further sliding wouild be 1.0 in.static condition. (Refer

to Fig. 2.4.)

The pertinent conclusion from the above analysis is that it is not
necessary to do anything to the existing Angal dam structures
under the present circumstance, and any rehabilitation work should
be implemented only when a large Kh earthquake would occur, and
unfortunately, it would cause any surface layer sliding on the
downstream face of the dam. The danm stability may be retained by
rebuildiﬁg the embankment to make the gradient gentler {from 1:1.4
to 1:1.46). |

The results of the stability analysis of the dyke were as follows:

The average gradient of Lhe upstream face slope of the dyke is
1:1.8, a litile steeper than.thc corresponding gradient of the
main damf Therefore, the safety factor against a large-scaie
sliding would be smaller than that of the main dam, but could
still keep 1.0 or larger even wunder the earthquake loading

condition.

_.1?._



e e

There is a possibility of a small-scale sliding on the portion

with a gradient of 1:1.4, siﬁilariy to the case of the main dam,

‘when assuming ¢ value of the vockfill materials would be 43°, but

there is no p0331b111Ly of such a large-scale slxd;ng that may
pass thtough the core zone, Thcxefore, any’ actions, if necessary,
for the rehab;lltatlon program should be taken as is thc case with
the main dam . The safety factor could be maintained at greatEI
than 1.0 even under the loading cond1t10ns of “an abruplL drawdown
from HNL to LWL, accompanied with the occurrence of an eatthquake,
because the slope of ‘the dyke with the gradlent of 1:1.4 is

shortér in lengkh than the corresponding slope of the main dam.

The gradlent of the downstream face slope of the dyke is 1: 1 hS,
which is gentler than the correspondlng gradienl of 1:1.40 of the
main dam. Thérefore, if the same matex;als are used for the

embankment, the dyke is stabler than the main dam against sliding.

The results of the stability analysis indicate that the dyké would
be stable against sliding eéven under the earthquake loading with
Kh of 0.15 g, if the rockfill materials with ¢ value of 43° and

the filter materials with # value of 35° are used.

Based on the results of the stability analysis of the main dam and

the dyke, the following conclusions can be made:

(1) The worst effect on the stability of the main dam and the
dyke 1is the earthquake loading, which has an overriding

influence upon the judgement for the stability analysis.

(2) The gradient of the upstream face slope of the dyke is on the
average steeper than the corresponding slope of the main dam, .
but the gradient of the downstream face of the main dam is a

little steeper than the corresponding slope of the dyke.

- ]_8...



(3)

(4)

The main dam has a minor problem on Lhe downstream face
slope against the earthquake, | but it  is considered

unnecessary to do anthing to the existing structures, since

‘a sliding, if hapﬁehed'due Lo an cavthquake with Kh value of

0.15 g, would be timited only to the pOrLion close to Lhe

surface of the slope.

Theré'isﬁa possibility of local damages on the slopes of the

-dam and Lhe'dYke;uﬁen there occurs an ecarthguake with Kh of
‘greater Lhan 0.07 g. It is therefore necessary to keep

" patrolling iuspeétions to check if both siope faces of the

dam and the dyke have undergone any damages.

...19...



Table 2.1.

of the Upstream Face Slope of the Dam

Loading Conditions for Stability Analy§i§

Earthquake

= 0.15g)

Case Dém_Face Haté;‘Levei at Effect (Kh

i Upstream HWL, without

2 | Upstream ?l:‘w’L_ With

3 Upstream LWL With

4 Upstream [Abrupt drawdown [rom Without
HWL to LWL

5 Upstream |Abrupt drawdown from With
WL to LWL

6 Downstream HWL Withoﬁt

} Dounstream Wi, Wich

- 20 .~




Cohesion

°

5.4

Fig.2.1

20

Relation Between § and € Values of
Core Materials Necessary to Keep
the Required Safety Faclor

(Loading Conditioqs - Group I)

Rock material ( ¢ = 43°)
___——Rock moterial (¢ =45°)

Core moterial
{assumed )

{ ' —
25 30°

Internal ¥riction Angle
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Table 2.2, Safety Factor Against Sliding Lines
Passing through Rockfill Zone of
the Upslream Face Slope of the Dam

] calcutated ST
| Safety Factor _ Required
: Rockfill ‘Rockfill Safety
Case Material Material Factor -
B _d=43° =45 | ]
t 1.31 1,40 1.
S 2 0.74 0.80 1.
{0.069) (0.087)
3 0.96 1.03 1.0
(0.13) N
Note: The parenthesized figure rcprésents the seismic
coefficient shown in g with the safety factor
assuned to be 1.0.
Table 2.3. Safely Factor Apainst Sliding Lines Passing
through Rockfill and Filter Zones of
the Upstream Face Slope oif the Dam
(Assuming that é value of filter materials
would be 35°)
Calculated Safety Faclor
Against Against
Large Scale Small Scale
i . Sliding _ Sliding | Required
Case | Rockfill | Rockfill Rockfill § Rockfill Safety
$=43° g=45° | 4=43° |  $=45° Factor
2.143 . 2.266 1.364 1.455 1.2
2 1.156 1.313 0.860 0.919 1.0
(0.10) (0.32)
3 1.118 1.172 1.485 1.140 1.0
Nole: The parenthesized figure represenis the seismic

coefficient shown in g with the safety factor assumed

to be 1.0
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A3,

Landsliding at the Ek—Ba(gher Plant Site

‘Section 4 of the Report deals withzthe.analyses on the possibiiity

of landsliding at the ex-batcher plant site.

A large-scale landsiide occurred at tﬁe ex-batcher plant site in
1986, and it blocked a stream Fflow of the Angat river. Any
recurrence of_landélidihgxmay'cause.diSruption'of water discﬁarge
inte the Ipo dam, and mdf produce a serious effect on the water

supply to Metro Manila.

Field investigations have been §0ntiﬂued by using inclinometers
and drill holes for measurements of the fdllowing: (1) how.high is
the ground water table in the mountain ﬁasseé, (2) wﬁether there
is any sign of recurrence of landsliding, and if so, how deep the
sliding dépth would be. However, data on (2) were not available
in time for the preparation of the Report, mainly because of some

defects in the instruments.

Analyses were, therefore, made on the basis of the results of the
standard penetration tests previously conducted by NAPOCOR and the
topographic survey made for this Study, as well as of the data
taken  from measurements using drill holes provided for

inclinometers.
As the result, the following were made clear:
(1) Physical Properties of Mountain Masses

It is very likely that the physical properties of the
mountain masses wouid be dissimilar by depth, and become
greater ags a depth from thé surface becomes.deeper into the
mountain. The cohesion strength (c) may be 3 tonsfm2 at Lhe
ground surface, 8 tons/m2 at a depth of 6 m and 12 tons/m2 at
a depth of 10 m, if the internal friction angle (4) is
assumed to be 10°, and 1 tonfm? at the ground surface, 4

tons/m2 at. a depth of 6 m and 7 Lonslm2 at a depth of 10 m,

- 26 -



(2)

if ¢ value is assumed to be 20°, in so far as the mountain
masses are at the elevations higher than EL.180 m. (Refer to

Fig. 3.1.)

The cohesion sirength (c) of the rountain masses at the
clevatians _lowgr than EL.180 m can be assumed to be 15
tons/mz_df larger, if 4 value is assumed to be at least 30°,
and when N values of ihe'penetraiion test are greater than

50.
Possibility of Recurrence of Landsliding

Analyses on the possibility of landsliding were made of three
assumption cases, A, B and C. Case A is to assume that the
ground would be impregnate with water up to the surface.
Case B is Lo assume {hat the ground water would be at lower
elevations, but an earthquake with Kh of 0.15 g would occur.
Case C is to assume that an earthquake with Kh of 0.15 g
would occur while the ground is impregnate with water up to

the surface.

Analyses on the landsliding possibility in Cases A and B were
made on condition that the safety factor against sliding
would be 1.2 or greater, while analyses in Case C were made
on condition that the safety factor against sliding would be

1.0 or greater.

As the resull, it was found that the mountain masses at the
clevations higher than EL.180 m would be stable against
landsliding if # value is assumed to be 10°, but would be
unstable (with the safety factor against sliding lower than
1.0) in Case A (when the ground water would come up to the
surface} or in Case C (yhen an earthquake would occur in Case

A), if 4 value is assumed to be 20°. (Refer Fig. 3.2.)
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(3)

Protective Mcasures against Possible Landsliding

Solutions to be considered as the protective measures against

pbssiﬁle landsliding arvet

a} To ﬁrovide a retaining structure by driviug piles into
" the ground, thereby to increase a shearing resistance

. against sliding.

b) To excavé(e the Shoﬁldef pbrtibn of the Slbpe,=thereby'
reducing a load of earth prone. to léndsliding' anﬁ
attenuating a sliding force, and at3the same time to
fill wp the ground al the hdttqm poftiqn of the slope,
thereby incréasing a shearing resistance against

sliding.

As a result of the comparative studies, it was confirmed  Lhat
the solution (b) proves to be more effective for protection
against landslidihg than the solution (a), even on an
extremely adverse condition that the ground at elevations
higher than EL 180 m is assumed Lo have an internal friction
angle (4} of 20°.

It was also confirmed that the solution (b}, if implemented
in such manner as to cut the ground at elevations higher than
EL.215 m to make the slope gentler, and to fill up the ground
at elevations lower than 215 m to keep it from sliding, will
ensure the safety of the slope, even in an exlreme case where
an earthquake with Kh of 0.15 g would occur at any time when
the ground is impregnate with water up to the surface due to
heavy rainfall. (Refer to Figs. 3.3, 3.4 and 3.5.)

it is also recommended to provide drain holes, each with a
diameter of 75 mm, at the elevations of EL 215 m and 225 m,
and surface drain ditches, in order to reduce ground water
level and to protect the surface from erosion by rainfall,

so as to make doubly sure of the safety against sliding.
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Fig. 3.1 Rela'tiggHBetween € and ¢ Values for Analyses on
the Possibility of Landsliding
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4.4,

Seepage through the Dyke

Section 5 of the Report deals with the studies on seepage through
the dyke built on Lthe left bank of "the main dam. This

investigation is one of the essential items for this Study.

Quantitative analyses of the seepage problem can be made using the
data taken at the measurement welrs installed by NAPOCOR at three
locations downstream of the dyke. Weasutement has been contlnued
since 1986, but the analyses for thlq Study were made on the basis
of the measured data for a period from January 198? to October

1988.

The amount of seepage neasured at these three weirs consists of
inflows from two sources; seepage through the dyke and rainfall.
The seepage through the dyke is supposed to be directly influenced
by the reservoir water level on the day when the measurement was
done, but the inflow due to rainfall is supposed to come partly
from surface runoff, partly from seepage through the adjoining
mountain masses on an intermediate-term basis, and partly from
seepage through the adjoining mountain masses on a long-term

basis.

Therefore, it should be construed that the measured amount of
secpage is influenced not only by rainfall on the sanpe day when
the measurement was done but by rainfall on days before the
measurement was done. In this Study, the amount of rainfall
influencing the seepage rate was considered to be comprised of the
amount of rainfall on the same day, on the day before, on two days
before{ on three days before, ......... on 35 days before the

measvrement was undertaken.

The measured amount of seepage was sorted out by Lhe above

componeants, using the least square methoed.
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The location of the measurement Qeirs is indicated as SW-1, SW-2
and SH-3 in the Report, 3w—1, locatéd_at the Lleft bank of the
dyke at EL 138 m, is to principally measure the amount of Seepage
probably through the left bank side of the dyke. sw—é, located
immediately downstrean of the center of the dyke at. EL 114 m, is
to principally measure Lhe amount of'séepage pfoBably'thtough the
central portion of the dyke. SW-3, located at some 80 mgtefs
downstream of SW-2 at ElL 1]0 m, is to neasure the amount of

seepage through the dyke as a whole. (Refer to Fig. 4.1.)

" The results of calculations for the analyses can be summarized as

follows:

{1) The maximum rate of seepage supposedly Lhrough' the dyke
during ‘the period in which the data were available is

estimated as follows:

At SW-1 : 19 %/sec.
At SW-2 : 11 &/sec.
AT S4%-3 : 30 £/sec.

(2) Irrespective of the localion of the weirs, most of the
measured amount of seepage during the dry period (December
through May) is believed to be influenéed by the reservoir
water level, while most of that during the rainy period (June

through November) is believed to be influenced by rainfall,

(3) Judging from the relation of the measured amount of‘seepége
among the three weirs, it is very probable that seepage
through the dyke would mostly flock to SW-1 and SW-2. {The
anount of seepage through the right bank Side.of the dyke, if

any, is considered negligible.)

....35..



(4)

It can be estimatcd that the elevations of scepage through

the dyke would be at EL 190 m or higher. It can also be
estimated from the measurement of ground water level at drill
holes p:ovided downstream of the dyke that secpage through
the dyke would predominantly come from the leftL bank side of
Lhé dyke, and would decrease with'distance toward the center
of the dyke.

(5) The loss of water throughout the year due to seepage through

lhe'dykg is estimated to be about 261,000 m3lyear_(159,000

m3[year at. SW-1, and 102,000 mjlyear at S¥-2) or 8.3 leec.

at the average rate, and tLhe

resultant . loss of énergy

produclion is estimated to be 56,100 kWh a.year at most.

‘If it is planned t6 grout the dykc as a solution to reduce the
anount of--seépage, it is considered adequate only Lo cover a
;section of'mountajn'masses around the left bank abutment toward

the center 6f_the dyke at. elevations higher than EL.190 m.

However, the solution by means of grouting may not be so effective
from the economical poinl of view, in that the estimated losses

of water due (o seepage through the dyke would not be so
substantial and so would be the resultant losses of energy output,

while it is difficult to stop seepage completely by this method.

The state of scepage through the dyke seems to remain unchanged at

present, bul it may change if some outer forces such as an
carthquake of large magnitude would act on the dyke and
surrounding mountain masses., It is therefore very essential to

continue monitoring of seepage on

-.36...
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Rehabilitation Plans

Items discussed in Section 6 of the Report for the necessity of_

rehabilitation are as follows:

i.

ii.

Tiv.

Review of the spillway capacity.
Analyses of the stability.of the dam and the dyke.

Investigation of ﬁhe possibility of landsliding at the

ex-batcher plant site.

InveStigatipn of seepage through the dyke.

'Investigation of leakage from the penstock.

The necessity of rehabilitation for each item is discussed in

detail in the corresponding Sections of the Report. ‘'the summary

of the discussions is as follows:

(1)

()

The spitlway capacity is adequate, and no rehabilitation is

necessary to be given under the present circumstances.

There may be cases where the safety factor of the slopes of
the dam and the dyke.against sliding could come down below
1.0 in the event LhaL a large earthquake (with Kh of 0.15g)
would occur, but such unstable zones may be limited only to
the portions close to Lhe surface or confined locally, and
the resultant sliding, if happened, may not produce any

serious effeet on the stability of the entire structures.

The conclusion that can be derived from the analyses is that
it is not necessary to implement any rghabilitation plan
unlil there occurs such a iarge.Kh earthquake that may cause
any surface layer siliding. The plan may and should be worked

out only when such a phenomenon arises.

_38_



(3)

(4)

(5)

Since any Lrecurrenée of large-scale landsliding at the
ex-batcher plant sile may produce a serious effoct on the
water supply to Metro Manila, it is recommended to provide
proteetive meésﬁre' againSt_ possible lands}iding,. including
reformation of Fﬁe slopé at the site and provision of drain
holes and dvain ditches. The cost esLimate for the slope
reformatiﬁn wﬁrk'.is eslimated to be US$437,000. (Refer to

Table 5.1. and Fig. 5.1.)

The présent state of SQGpage {hrdugh the dyke is not
considered dangeréus in'terms of the structural.StabiliLy.
As a solution to reduce the amount of leakage, it is
recommeﬁded to proﬁide curiain grouting. 'The cost esLiméte
for the grouting work is eétimated to be US$380,000. {Refer
to Fig. 5.2. and Table 5.2.)

A particular emphasis is placed on the necessity of
rehabilitation of Lhe penstock, but it is not possible Lo
work out a detailted repair program, because circumstances
did not permit any internal inspections with the penstock

being dewatered.
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4.6,

Economic Analyses

Section 7 of the Report deals with economic analyses and appfaisal
of the rehabilitation plans. 'Conéjdered necessary .or desirous to
be undertaken for the Angal Dam rehabilitation Project are the
protective measuré against possible 1éndsliding at thé ex;baccher
plant site, and the preventive measure against seepage through the
dyke.

The protective meésure against possible landsliding at the ex-
batcher plant site shou]d be given top priority," because any
recurrence of large scale landslxdlng may plOduCE a serious effect
on the water supply to MWSS, and a far- reachlng consequence to the

social acL1V1tles.

‘The benefit that can be derived from this rehabilitation plan

should be evaluated from the standpoint of securing social
stability, and it is extremely difficult to evaluate the benefit
numerically. Therefore, the plan was not given any detailed

cconomic analysis in the Report.

Since water sceplng through the dyke is flowing into the river
upstream of the Ipo dam which is provided with intake facilities
for water supply to MWSS, the seepage problem is not producing any
ill effect on the water supply. Hence, the benefit from the
prevénpivo measure against seepage through the dyke should be
evalvated only in terms of the resultant recovery of power

production.

The monetary loss of power pfoduction due Lo scepage of water was
evaluated on the basis of would-be revenues from sales at the
discéunt rate of 147, and the cost worth expending for the measure
was calculated. As the vesult, it was Found that the cost should

be held down to the amount eqﬁivalent to US$19,310 at most.
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On the other hand, the cost for the grouting work is estinated to
be as much as US$380,000. Nevertheless, it is believed next to

impossible to stop secpage completely by this means.

Therefore, unless seepage through the dyke is increaéing. it is
not considered necessary to provide the grouting ﬁorﬁ at this
point in time. It is, however, recommended to continue monitoring
of seepage and to have an accurate knowledge of changes in the

behavior, so as to determine the most appropriate time for

implementation of the grouting work.

Safety Control Standards of the Dam and Associated Structures

Section 8 of the Report "deals with items of monitoring te be done
continuously and on a regular basis for the safely control of the

Angat dam,  and the method of judgement on the manitoring results.

Honitoring activities to be continued on a regular basis are as

follows:

(1) Check the deformations of the dam and the dyke by collimation

survey.
(2} Check the amount of seepage through the dyke,

(3) Check the possibility of landsliding at the ex-batcher plant

site by using inclinometers.
(4) Check the amount of leakage from the penstock.

(5) Check the water quality at the intake and leakage measurement

weirs.
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Safety Control System of the Dain

Section 9 of the Report discusses what system to be establlshed

for the safety control of the Angat dam,

The Angal . Power Plant plays not 'mefély an iﬁpbrtant' part in
supplying electricity to the Luzon grld bul a critically jmportant
role in nalntalnlng water suppiy to Metro Manila. _ C It is,
therefore, essential to make assurance of the damts safely contfol

doubly sure,

It is reconmended in partlcular for the Augat Power Plant to post

a civi) englneerlng staff who 15 capable of taklng emergency steps

"as the demand arises, because the plant is lecated relatively

distant from the Nofthenl Luzon Reg&onal Center which is

'responsible for maintenance and operatlon of the Angat plant and

other four hydro power plants in the Northern Luzon Area.

Leakage from the Yenstock

The last section as a supplement to the Keport deals with the
studies on leakage of water from the penstock., The resuvlt is as

surgarized below:

(1) it appears that the locations of leakage remained unchanged
between the measurenents in 1979 and 1982. This implies that
no new, additional leakage would have Laken place during the
period from 1979 to 1982.

(2) The 1locations of leakage are approximated to be in the
distance betweea 50 and 76 m and between 100 and 160 n from
the sinking shaft, or in the vicinity of the bifurcation
point. and the conncection of the penstock with the concrete

tunnel.
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(3) 1 is estimated that.the leakage rate at the 1982 measuvement
would have 1ncreased by 10-40% at least and by 20-80% aL most-

aver the leakage rate of the 1979 measurement.

{4) The permeablllty of the mountain mass is estimated at about

10 mfsec

(5) The rate of leakage into the surxoundlng mountain mass as of

1982 is estamated at about 0.7 n /sec.

The above is estlmated from the studles made without interpal
1nspect10n of the penstock and it is stlll unknown where the
exact “locations of leakage are and how large is the extent of
defects, nor is il known whether there would exist cracks prone to
a serious damage to the penstock. Accordlngly._xL is not 90531ble
to determine what solutions should be taken as the measure for
repair or rehabilitation. Should there be ény such cracks, there
is a possibility of further crack formation from their tips due to
stress concentration, thereby posing a risk of further increase in

the leakape rate.

Therefore, it is absolutely necessary to make internal inspections
to identify the following items to establish the repair measures

at the soonest possible convenience:

(1) Establishment of the repair method by welding, based on the

results of chemical analyses of penstock materials.

(2) Confirmation of the actual locations of leakage and a close

check of the damages.

(3} Check of the plate thickness of the penstock and the

structure of the bifurcation.
{4) Establishment of the repair.procedure to keep the penstock

from disruption by ground water pressure vwhen Che penstock is

dewatered during repair or after repair.
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In order to nake internal. inspections of the penstock, it is
necessary to shut down both of thé main and the'auxilihry power
plants and dewater the penstack. To pul the auxiliary plant out
of service may, howeﬁer, produée aISerioﬁs effect on the water
supply Service. to Metropolitan Waterworks and Sewerage_ System |
(MWSS), because it releases water through the turbines to the
Angat river upstream of the Ifo dém,'the water intake facilities

.for MUHSS.

_0n1§ means to make. it possible to aewéper the penstock while
keeping'releasingﬁuater for MWSS is to bypass the penstock by
discharging water through the outlet tunnels provided at the
bottbm of the dam. These were origiﬁally used as the diversion
tunnels for dam construction. One of them was later equipped with
a valve for discharging water, and the other was converted to an
aceess passage to the valve chamber. These outlet tunnels are,
however, in no way usable because they are now under water due to
the rise of water level of the Angat river as a result of raising
of the Ipo dam height and deposits of volume of slidden earth on
the river basin caused by the large-scale landsiide that occurred

in 1986.

It is therefore recommended as a scolution to break through the
situation that the outlet of the access tunnel be closed to keep
off water from the river, and an inclined shaft be provided to get
into the tunnel and the wvalve chamber, thereby to regain the

ariginal function of the cutlet tunnel.
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Monthly Rainfall

Fig.R2 Change in the Proboble

by Month at the Norzagaray Site
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Table RZ

gz:gzim- Daily Maximum Runoff (10% x m3)
Ye(:ar - Inflow Two - Three Co;ir?our Five

(m3/sec) Single Day| Consective] Consective | Consective | Conscctive

- Days Days | Days N Days :

1957 | 3,483 102.6 144.8 189.8 207.2 216.7
1958 | 2,499 61.2 106.5 125.3 139.9 154.3
1959 2,324 51.8 103.7 124.3 136.4 146.8
1966 | 3,476 119.3 174.8 222.6 270.6 298.8
1961 2,644 64.6 86.1 109.2 120.6 133.5
1962 4,643 189.8 284.5 371.4 418.3 451.0
1963 { 1,993 12.4 563 78.4 87.6 93.2
66 | 2,762 76.8 35.5 108.6 126.5 141.6
1965 2,192 47.0 84.6 109.9 125.0 137.5
1966 2,179 46.4 84.3 108.5 124.4 133.9
1967 3,882 137.4 210.1 217.5 223.5 225.0
1968 2,177 51.2 89.6 124.8 146.5 156.0
1969 2,615 69.7 96.9 119.7 156.8 180.9
1970 2,159 86.7 119.6 143.9 156.4 167.0
1971 5,396 86.4 140.3 191.5 226.1 274.4
1972 2,914 85.7 159.9 234.4 287.6 333.7
1973 2,882 83.9 144.5 168.0 180.6 185.1
1974 4,845 196.3 308.2 355.2 198.1 415.9
1975 | 2,058 78.6 142.3 168.4 188.9 203.3
1976 3,439 138.8 225.0 311.2 181.4 438.8
1977 - | 2,205 110.9 131.3 138.9 1444 162.6
1978 5,650 274.5 314.8 340.6 356.4 374.7
1979 1,860 66.2 93.5 110.9 136.3 151.0
1980 3,211 134.7 195.3 225.3 246.9 258.6
1981 3,760 112.9 164.1 182.6 194.5 203.3
1982 4,939 98.13 124 .4 134.6 138.3 143.4
1983 42.9 62.4 8l.2 93.3 99.9
1984 107.6 165.5 203.0 261.7 252.0
1985 129.5 171.5 196.0 218.2 233.3
1986 82.8 132.5 158.3 174.7 196.0
1987 . o .
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Fig. R3 Probable Annual Inflow o the Aungat Dam
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Table RG Relation_!iflu;een Flood Inflow 7ap§v_?£r£igs§ibie Rate of Flood Discharge )
{7113}
Passing |Hourly Inflow [Hourly Incre- | Permissible Passing [Hourly Inflow | Hourly Incre~ | Permissible
of Time Jof EMF Magni- |ment of Fleod | Rate of Flood of Time [of FHY Magni- | weat of Flood [ Rate of Flood
(Hr} |tude Flood Toflow Discharge () jtode Fleod Iaflow Discharge
Qi) (%Q_tg (édgt_l) {Qiy (Qat}ti (%%E,
sy Day T B 3rd Day i
0 100 o 2855 n ST4
1 145 45 52 1 2999 54 579
2 145 ) 92 2 2968 59 585
3 145 0 92 3 3032 64 592
4 179 34 103 4 3058 £6 593
3 2127 38 13 5 e7? 135 606
6 265 48 125 6 3250 81 814
7 401 136 154 ? 3342 92 623
8 503 102 m 3 115 7 530
9 558 95 237 ) 3525 110 840
10 663 70 754 10 3650 115 651
1 120 52 265 11 341 101 650
12 263 53 276 12 3351 110 671
13 193 16 283 13 3967 116 651
15 830 n 230 14 £090° 123 692
15 857 21 296 5 8305 s 710
16 819 22 360 16 6483 178, 725
17 539 0 304 i1 6661 18 740
18 967 68 317 18 4985 324 166
19 1008 4t 325 19 5270 285 788
20 1048 &9 332 20 15555 285 £09
2 115% 106 351 21 5839 %4 835
22 1236 82 185 22 6251 352 860
23 1311 75 317 23 5697 &85 891
2ad Day 4th Day
] 1366 55 186 0 7519 822 255
1 1410 44 333 i 7587 8 950
2 1467 52 401 2 7836 259 965
3 1514 47 408 3 8413 577 1000
& 1553 39 416 4 7961 -452
5 1598 45 421 5 2426 -535
3 1632 34 426 6" 6207 -519
7 1663 31 430 7 6279 - -528
8 1707 44 436
9 1744 37 441
19 1786 47 447
n 1819 33 451
iz 1910 91 463
13 1987 77 473
(1] 2055 68 482
15 2202 147 500
16 2313 111 513
17 2411 98 525
18 2484 73 513
19 2543 59 540
20 ‘2612 69 547
21 2582 0 331
22 2737 55 561
23 2784 41 566
14
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Reservoir Water Level (EL:m)

Fig. s Discharge Rating Curve of Spillway

at WLEZ2I900m. .

Note: Dischdrge copacity {s 5610m Vsed -

H_medns gate opeing,

_ 1CCO ' 1500 2000
Discharge in m7/sec
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Ratio of Peak Qutflow to Peak Inflow durlng

Table R7 y of
Floods for Var1ous Return Perlods
Rgturn When Peak Water Water Hax.
Period Occurs Level Level Hater
(Yrs) : before with Level
Flood All {EL-m)
Inflow’ Gates
(EL-m) Full
Open
(EL-m)
200 60 hrs 212 213 216.73
) aftor
inflow.
started
100 - do - 212 213 215.86
50 - do - 212 213 215.16
20 - do - 212 213 214,24
10 - do - 212 213 213,77
200 - do - 212 212 216.33
100 - do - 212 212 215,40
50 - do - 212 212 214 .68
20 - do - 212 212 213.64
10 - do - 212 212 213.15
. | S S

R - 16

Ha\t .
DLScharge
(m3/secc.)

4432

4011
1688
3282
3078
4239
3801
3471
3025

2821

Ratio of
Max. Out-
flow to
Max.
Inflow

0.56

0.57
0.59
0.63
0.67 -
0.54
0.54
0.55
0.58

0.61




Fig. K6 Movg_rgeit_ of FKarth at the 1986 Landslide
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Fig. k8 LONGITUDINAL PROFILES ALONG THE ESTIMATED SLIDING LINES

SECTION-A

———— — pre land slide

S ——— post land slide

. ~_ SECTION-B
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Fig. RS LONGITUDINAL PRUFILES ALONG THE ESTIMATED SLIDING LINES

(Continued)
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Table R8

Relation Between C and b4 .‘Valugs: of the
Hountain Mass Obtained from the Back

Analyses (§ as Parameters)

: . ~Upper lower
Assumption —— . - S
' & C oSl é C g/ ot
Landslide would 10 0.15~0.3¢ 10 0.54~0.65
o
ot o wich 20 * | 0.02~0.05 20* | 0.08~0.34
no grouﬁdwatcr. _ o
o - 30 ° 0 ~0.05
______ I | ] | ,
Landslide would 10 0.25~0.50 10 0.77~0.96
' d
O dition with 26 | 0.19~0.36 20+ | 0.67~0.84
groundwater
up to the surface. 30 ° 0. 100, 20 30" 0. 55~0. 67
.

R - 21




2g*599~ 6v-TisT. L. seteltz | §9t0 9 ~ 05 o079t pTroN |
‘ #2°¢0Y- 98°S$SS | 6076565 M 67°SHT ¢ -z £L0°T ZTeN |5
w AR S LLEET Jﬁ €796 | 7206 6 ~ ST 980 6°°X | B
! $678T— ) VERR AT AN 097742 _ LLTEnT 3 = &Y 10T L "ON. 2
— - } : =]
wl 69°E8+ . ! 0f 687 197502 _ 9€°2¢ 6T = 0% 11200 ¢ “ox =
_. T | =
i 78" Q- m £LT 06T £5°162 | €89y £ - 95 €00°T | £ o 1y
_ _ = ! ~an
LLo+ M 0z°897 ez | 19es 7z - 8y (6670 | zon 3
i I : i , !
07T L89- 67'21ST | 69° 6612 w $9°0L 9 - 0% 759" T AN w )
02" 8T7- 9875555 | §0° .68 677571 S = 27 SL0'T | zrex o 7 |
. €586~ e 0e° 7Tz | w2706 5 - ¢t 998" T | 5ox | 3 H
1 ‘. - "’ n o
20°05Z1- TLIPENT | €L1v89T | £9°2L w 1= %5 4 118771 L7UOK | o
16 66~ 08687 | 13°89¢ 76719 | 6T -0y | el | S R 1 o
) _ . “ e . : L
stz | vwesr 18" (16 090 | z6-09 | ey | O - |
| 96'¢61~ | 0T°gne ARAT] e | wr-wn | wer | CN
. ] Y | —_—
M (wo3) SRUTT _ (woz) - - {ued) IvEzang _ ~ sutT BulpIIs “ 3uTPIIS , m A
m Bu3PTTIS Fys , augy 2urprIs |- ZUTPTTS 243 FO (w) eury |- sy3 30 3suTedy | 2uTT _ %
! 30 9ITTISTSIE | Y3 Jo 2003 20UBISTSIY ﬁmﬁwﬁm Byl _ sauyog Iurpel H aonoes | SuypTIs |
wr Zuravaug z204s _ SUTPITS BuTpITS 30 suypey # 5 Zursaess ,Muum.mm 358911 4 21qeqoxyg _ M
(9) (s ¢! (© ¢4 (D
(0227 :92X0J VTUWSTRAG iagEIang puncas
2y1 02 dp 1XFIEN PUNCIZIIPUN) ¥V SSTDH UT SUOTITTNOTED
BUTPTTSPUTT 7O SOTITTTALSSOJ R0 SISATEUY jJO S1TNSDY 164 o2T1qmy

22



k - 23

LL7790T~ MLt LTYT 16" 0677 £8756 T =18 7Lt 71" oK _

$5 g672~ L7 L08S T0°TOES | 777 09T ¢ -2 6271 ZToN | 5|

90" 0~ i eTsTl 12' 621 77" 06 6 - st | 7601 5 ox | 2 __

- oree- | weese 70" €97 £81e7z 7 =05 | 90z1 Lrex | %
b €0TsTe i 6TTwIE | 91682 26719 61 - 0% 0760 S von | - w
957 9= | 06'8sz | 97" 5€¢ IR €€ - 9§ 09T'T | € tox Lo |

20" 79~ _ oeres | 52 62¢ m L9719 7T - 87 P6TT | T - w
62°940T- “ w1l “ £0° 4057 £8°S6 R vgLtT 91° 0% 5 A
€p7L0ST- | LYTL08S | 06718 Tv 09T S -9 zer 1 ZToN z %
STEOT- [ gTUseT (2°82e 7206 6=z | w8y 6 % | &
ARG €5°59L | 09°z91 | gl- S 05T LoN ||
60°6TT- | 6L°YIE 82" 627 26°T9 6T -07 | 9951 AR

] to0e1z- | ertgue £9°995 s0'9L | 76-05 | 4391 e n,_._.uu
M_ L BT I 0T'¢6 1 7z - 08 089" LN
m (uea) - wnﬂgzﬁ. (Losy . (wo3) aseIang ﬁ 2up? 2uTPLTS 3utpITS w M
| BUTPTITS dus | duyy Zuyprrs | wrpyrs Bur 3o | (w) suyl | Y3 30 Isuredy 2uT] ﬂ
; 30 SOUWISTSIY | Y3 ;0 22103 IoupIFTSIY | FUIPITS Pl % s3uteg ILIPRE =0308g u 2urpITS _ w
ﬁrb “Buraeayg 33I0US SurprTs SutprTy _ 3O snipey | 5 Bursaesg | L39zesg 3swor | YIA¥QeId | |

(9) (- SO (€7 (¥ (-
(3670 :99304 oTwsTes {IUOY IIDIBM
puncxZzepun) ¢ @SEH UF SUOTIBINOTED
ZUTPTISPURTL 30 SOTATTTATSSO UO STSATELY 7°6% ITSEL



027081~ ﬁ e5°878T | .2L°8002 F 90728 W 9 - 1§ m 560" T m . 9TUeN N
(T 1geT+ | w8 elil (57ris 1 L0T0ST | v -y | o080 | Zrox | 5|
£0° 67+ 0" 6ET 20°06 | . %206 6-6T 1 Lv0 | 6o | 21
0L L+ R cigsT | LLUgn s-6v | w0 Lex | %
| o7 ste | OUen 79 161 G e ~ 07 750 ) R W
8 028+ [ o0TTze - 0£78ET. [ &8 €€ - 98 AU £ “ON : *
SoTeer _ 767 91¢ 83°£¢7 m L9 L9 w-sr | seL0 | e g “.
__ eL BT m 9€° 6£61 17851 im §Lr0d ﬂ L= 08 h €IT'1 m R A W . ﬁ
] STy | 78 Elid CLETISIS O TT0T0ST | v =27 |  £08°Q0 | ZroN |3
r 70L- | S0T6ET | 62760z | wros | 6-5z |  cogr | 6 'oN | & ”
I e eeel | 797€95C AN T -t w 0sE"T .+ L OoN m ° |
T TTER ] 707788 S Ca 6T =07 | v60'T | 5. oK) .@M
i et~ | stise | vZ° 0TS | sotor | € -09 | (TeT | ¢ ox
u $toT- [ Tg0% *  80°59Y I 27 - 06 _T 98T | ¢ "ox o
i (©03)  ouyq m {uod) | (uo3) sorgang JUTT JUTIPITS __ ZurpIIs J_ , Jm
‘ durprIs @u3 | oup ZuTPYyS | BUTPTIS Ul 3O (a) auyy gy 30 umsﬁm« \ vl ﬁ
IO 9DUEISTSIY | dyY3 30 00203 soueasysay | JUIPTTS 243 | saureg Surpuy xo398y 3uypITs | ,
| Zutapoug 3I0US m BUTPLIS gutpITe g 30 SnTpTY g Turazess | A393TS 35T ﬁ 219eqoag H w
€)] (< ; (" (€7 () (T

(36T 30304

STUSI2S um.odwu.ﬂm puUnoIsn 22Ul 01 _n_..D 1X2IBMN

punoaIIspun) u 9STVY UT SUOTIVINDTEY

ZUTPTTSPUBT JO SOTATLTqLSSO4 U0 sTsAToUY €' 64 QTQeL

R~ 24



G.W.L

EL.
235

230

225

220

215

Fig. r9

Y

1.O

—f- =

Relation Between Ground Water Level

and Safety Factor Against Sliding

-

Safety Factor Against Sliding

R - 25

1.5

215



goQ1: |
S e

bataia £= o= S

SMAQ 4, ;0 UDlg 0T¥ "Di4

04
oL -
w_u.m_xn
T 06;
Seee] _
30T 4]
u o2& ) T o 0 s ' Momw
T Vs e Garyyem . 12:
we- s, aoso xmouw.o_w @‘ﬁ Vel e OES s e O O I8 ) _rommu.
oz TR .luo ™o k3 = ! ma s s
< RS | s PF o A
s s hp $8 ,_ 3 ¥ Ne :
o QW 00 ) | B _0 %.o m
o * =

—- Zh



_

N

.

Aoml.d

I ..
%04 paeuing / ﬁ
I

Toee

Ve

A D10 Wy

X0/ Py Dom
Aubus o sy

204 PALayLDaM
Al9rodepow jo oy

{1oADI0 Wwas o, dn B
PUDS SU1) Wos; paposd oMy >

SUSZIDARS Ut LAl VIWEGH
! —— T

o'cur3-’ \\ AL 3
I11%30) p31i0J v 0og \\ .\ﬂn.loo.n.:.._.u.l..\ Wm“m.
g e 3
* Q00% ian W.
" #40|% j0JnJON -
/ =z et
" ol fee:
/ g . 1602
LR AN e e \ mom
. #dos vangoN _ BCrAtA ! 12
2% "] .“n_m
02213 45000 |OUIION % o
“ ezz

os'e7oac
@A 0 §1XY ——i

- 9¥AQ Byl 4O Uouyseg $soup poidA]  TT™ B



! o _ _ ! T ! T i “ _ - u
T@.mx me.mm gm_mi 158508 1 E_Ne.wgm.ww rs,mf TQ.? TZ& _mmm.ﬂ Twm_mt T%g? w 12301 W
1191795 986§ [ £ILUS9 [6p0'S 194922 | M0Z'® [ Lu8'0T | 78KU0T | i60'se  1982°T  luuS'iy | 18vES 030 |
(898 lL  leps'¢  [4L9'ML [SSM'vL. leve'l  |Ser'S  iL'2L 298'6 114’9 [860°2 (018’8 1’9 [ AN |
lev6'z  {08L'C 9108 1520’9 €2 ety LeRTy (st | Udl 1s0z'L  Jeiet [esztL | 100 |
(1592 [ywi'ol [986'8L [ 286'€L [0 C etz lesTie o [19g's oy 1698'2 18997 0287 | 438
S:.N L ezstur lezstul [sue'aL ol ysete ues'e  lug't | om
ove'z  [eeoL [ire'sl. 886 10 R A BTN g2.'s (200 lzov'z (ses'z  (ssgL | ar
1587 | ei'6 6202k lazs't |0 lose's jose's  lezz'z  vob  |poy’t  |80s'e (812t [ war |
9v6°C | Z¥0°Z. |€66'Y  [vJ'€  [28L'b [ 989'L [896'C €482 [s0b  [¥8S |16 €99k | AW |
L6 | 92v'T |A9S'LL [GyyUll 128stt [ LS'C [ 668's |68’ 869y &8 191S'S  [8al’s | uav
728'2% | 90l X 062°GL ls8v'vl 98812 |1y 1918712 | 06602 i
08545 | 894 86715 | 285'09 1608'0T {79 £19°07 1048791 126258 |6l EEEEE 835 |
|ces’0l love's  Toge've [ €16°88 | 888C | Li¥'Z  (SEL'6T | 8LR'SE | SLL'6V 889 |L98°08 [ 988°1S | W |
v ' - R Reg gy - 1 G

>mzwuuvonmmm M 1e30% paanseay| &4 vuuwmﬁimm.ﬂﬂ | tERoL | ,\,nﬁwwonwzawmmm 130l voudmduzw |l
“ DOABIROTED PolvInalEe) i pRIeInale) | w
i €~MS T-m$ 1-#S ° | j

(&)
(8861 Pu¥ [86T Ul sYlucy Sutang ueyel TILQ)
RAQ msu..swnonﬁ .Mmmm@om JO JUNOWY pP2ITINITEN PUF PRANSEIR 3O uosizvdwen  (TIY 21981

R~ 28



| LBBL
¥ov ; - o “ _ oy 4 T W N _ W ow | we | ogas ﬁ Ny |
T ; i ——— ; g |
u M rEET T T
Eﬁ , ™ |
AEE1I N . W i
MT | _wﬁ
|
(p
m |
|
Jores
oy .
WY o~
i
1~
1 [nal
Il
i I 5
m . | | |
_ " _ ! : _ w
“ _ _ W : | | i -
| _ , _ _ ; ,_ _ 3
: ! i ! ; ; ; I _ W ! | m
W : _ ! | | ” : | | | ,, _ -
| : I i I
, | | m n | | _ m | | I
| , , , ! _ | _ | m | M R, POIR|NDE] o ,_ \ | _
W _ ﬁ j m m‘ uf ; " | _ _ [ onlep paincuoy ‘ I S
| ﬁ ! t i ﬁ | ! X b b . ] 1
" , ’ ﬂ ,ﬁ “ 1 ﬂ ﬂ . H _ m g } P Iﬂqﬂwjl J | rd.ﬂl \ _,
| | ! | i | i h ! ! _ | | f ﬁ | i ! : ﬁ )
. . $SGL="VHED T GABTDeE v )Y 106170 dd * XD~ £1 iy ST E T Y DD O 21 Y (OBE=""n"w ™00 O=d 11 )V _
ST 00t Ok Y 02w * 00 D={ 6 ¥ Jug ¥ E90 0wl 9 ¥ R& v HB_?ﬁ ¢ v LoCRL- TR ] EOM ¥ 310°0=1 § 1 20 * B0 D=l ¥ 1Y [l T TR T Gm.!s.MrcS.?.. £y PR S L WIS ﬂ
(€2 =A30 Yo 0-1ISNNOY TWANIVY -HS: INIOG) orAg 2ya uSnozul Bedass jo Saunouy |
S e : DIJBINOTE) PUT POINSEIW udamidg uvostiedwod 71-71yw 313




|
| _
"
|
|
w !
.r T
! b
, | Tty
i
| | Tm
A I A I J B
A | R ] s
A | - A | i
f _ _ ~
I o | L
__ fﬁ | “ _ f _ ", an{ey PAGRINDIEY L., e
[ R | i w | | _ | | ome pounewor -
] [
| _ | | ﬁ h L # 1 | R
SR ¥ I007C-1 8 3 OOy M GO BV ¥ LD LY A ...m._moiomun.w.,_..n w o Mwmﬂ.w.h W nﬂm".mw%o..:, mn_wo T u&.nﬂn.um.s ' oBouw...ﬁnmo_.(?q Dy NS

e Q-3 [SNNOY TIVANIYE  Z-MS: INIOd)

ORAQ OUI YInoIU] 23VCIRF 3O SIUNOWY
PoIE(no1e) PUE DOANsEa) Uoem3dg UcsTITAWOD

72Ty "%

R - 30



|
|
_
|
W
|
m

SCH ¥ o0"o=t 01 1¥ GO LOPGNTEIY . O Y LDDR Y SO RO LY w0y ¥ 81001 9 I¥ O ¥ BI0mt § IV P et W # B¢ € 1Y T et 2 Y VYR LY
‘ VA 2Ud yInoayy adededg 30 siunouy

|
-
| )
‘ ~ 0
| = ‘
m g “ ﬁ Ky
% e
| RN
_ | .3 ﬁ
! N ol A
| | N
| S W B
, R | h | 3
| TR S R | e T
i ! ; | Lol
; _ ﬁ _ i _ _ n|Rs pEYE|MILE _ k ‘
M S B A oS
W SRS | | _
__, : . . m — % h H| .Sﬁ—i T _Nnﬂ AL A :— _Bul@.s.c. " g.M‘_ £ —(\—7_9—11\4.-.:__ 10007t .M— uu —m_—c.q.l ). ws?— iy ~ (dq “
m ; EH._._._Jo.w“
|

( 7°0) =A30 ww Q-:150rQY TIVINIVE E-NS: IN]O4) S926THBYE DuE painsesy GodMiby GoSTISEESS  §°7TN <81




Tﬁblé R11 Aveggggvﬁmount of Seepage
through the Dyke

Q\_:ifmin..) :

Seepage '
probably = |Runoff
.| from the " {probably from
Season | Weir | reservoir ' )  rainfall - | Total
pry | sW-t | 0.5759 (97) [0.0167 ( 3) | 0.5926

(Dec. . ‘- . . :
thru SW-2 | 0.3608 (86) (0.0571 (14) [ 0.4179
May) ' o o -

| sw-3 [ 0.8493 (92) 10.0653 ( 8) 0.9146

‘Wet sW-1 ] 0.0275 {(32) | 0.0593 (68) 0.0868
{ June _ _
thru Sw-2 1 0.0280 (13) 10.1846 {87 0.2126
Nov, :
sW-3 | 0.1005 (33) ] 0.2006 (67) ¢.3011

SW-1 {30.3017 (89)( 0.0380 (11) 0.3397
Total sw-2 | 0.1944 {62) | 0.1208 (38) 0.3152

5W-3 | 0.4749 (78) 1 0.1330 {(22) 0.6079

Note: The parenthesized shows percentage of the total.
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Fig. R13.1

Comparison Between Mcasured and

Calculated Values of Borchole Water
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Fig. R13.2 Comparison Between Measured and ' o :
Calevlated Values of Boxehole Watex (BO.NO:DYK-4)

Levels .
[ —— Y ity (e ———
REMARKS
o SOLUTION:
_i89 . : AC T 1s142,820 x }

At 2 1-0.000 x R0

AL 3 10,002 x ROL

AL 4 10,000 x ROZ

174 : AU S 1-0.003 x RD

AL 6 1<0,012 x R4

AL 7 1-0.035 x ROS

AL @ 1-0.018 x RID
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——

Comparison Between Measured and

* Fig. R13.3 e L _
Calculated Values of Borchole Water ~ (BQ.NO:DYK-5)
Levels B -
 REMARKS
SOLUTION:
a 160 ALY j-wo.ttxz x1
€ At 2 10002 x RO
i AU3 10000 x RO1
_ &t 4 1=0001 x Foz
o _152 A5 1-0.000 x KO3
i AL S 90000 x KX
L A7 140.000 « R5
m
- . AU 8 1<0.000 x RIO
F .
144 M S 10,000 x 520
:% A 10 30,000 x RTS
:::J AL 11 1-0.@ X (WL 000
‘E‘ - : BEL: I T0M EAYATION OF
= 13 b ,EO_R_.E,.!'!&E EQP_E!-'_QB;:RSJF‘}, — HORE HOLES 106.379 )
5
= 06V, 0,007
[ ]
o
b
= 128
R.N.L. i -LEGEND-
(m) . ¥ red
20 12 BASIC U.G.WL.120.102(m) .. easure
T v —  Lalcutated
210
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200 RAIN
(o} |~
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190
ﬁﬁl e ' _
180 4y N
4 | 1.
170 __J _LLL_L_LIJ_JHLJHJ JJJJl JJ _LU,L__M
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1958 '
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—e e

Fig. R13.4 ' Comparison Between Mcasured and

Caleulated Values of Borchole Watex | (BO.NO: DYK—S)
Levels '
A R — e e B B e S
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SOLUTION:
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Table R12

for the Year 1987

_Month
January
Febrﬁary
H;}ch
April
biay
June
July
August
September
Qctober
November

December

Total

E Auxiliarnylént
. (Mater Supplied to MWSS)

17,229 Mwh

14,815
15,376
13,802
13,743
12,564
13,529

14,959

15,068

17,201
17,630
18,785

184,701

ﬂgnthlz Qggg{ggign‘957ﬁgg§£ﬁyxéloeléctrig_gpwcr Plant

(Water Supplied to NIA)

Main Plant

33,794 MWh
29,549
24,260
14,710
13,258

4,056

7,426

4,069
31,170
33,696

195,988
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Power Plant for the Year 1987

Table R13 Monthly Water Rquifemeutg_fggméﬁgat Hydroclectric

Month Auxiliary Plant Main Plant
January '3 6§.4? 10663 y 104.46  106m3
februaryn | 62.75 ' 94.35
March - _ 69.58 . §0.35
April o 67.23 L 51.84

May | 70.42 0

June 70.11 S1.84

July 76.50 16.07
August ¥7.25 0
September 72.63 25.92
Octoberx 76.72 | 13.39
November : 73.52 | © 98.50
December | 76.08 104,46
Total 862.66 641,18
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Table Rl4  Installed Capacity and Annual Energy Output
' of the Luzon Yower System (1986)

. Type of ‘Tnstalled _ Annual
Power Source ~ Capacily Energy Output
W) . (%) - (CWh) (%)
Hydro, total 1,226 . 29.8 2,956 20.0
-~ Pumped storage 300 7.3 211 1.4
— Reservoir 895 21.8 ' 2,643 17.9
- Run-of-river 31 0.7 102 0.7
‘Qilfired 1,925 46,8 6,328 42.9
Coalfired 300 7.3 1,572 10.7
Geothermal 660 16.1 3,900 26.4
Grand Total } 4,111 100.0 14,756 100.0

Peak Demand : 2,435 MW
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Fig. R14.1  ORGANIZATION CHART
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Fig.R14,2

ORGANLZATION CIlART
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¥ig.Rl14.3 ORGARIZATION CHART
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Fig. R14.4 ORGANIZATION CHART

ANGAT HYDROELUCTRIC POWER PLANT

OFFICE OF THE

MANACER
[ I ] |
I OPERATIONS MAINTENANCE SUPPORT SERVICESJ
&)PERMORS | £LECTRICAL LHEDICAL' _ADM_/I-‘INANCE|
| HECHAN [CAL ADHINISTRAYION
[ INSTRUHERTATION T
% CONTROL lf‘iﬂ_}‘fﬂ
devit [ F L SECURITY

—-['GEH. SERVICES

* A group recommended to be newly established.

R - 43



	Cover
	Title Page
	TABLE OF CONTENTS
	Conclusions and Recommendations
	Conclusions
	Recommendations

	SUMMARY

	1. Preface
	2. Background of the Study
	3. Scope of Work of the Study
	3.1. Field Investigations
	3.2. Studies and Analyses in Japan

	4. Summary of the Study
	4.1. Adequacy of the Spillway Capacity
	4.2. Stability of the Dam and the Dyke
	4.3. Landsliding at the Ex-Batcher Plant Site
	4.4. Seepage through the Dyke
	4.5. Rehabilitation Plans
	4.6. Economic Analyses
	4.7. Safety Control Standards of the Dam and Associated Structures
	4.8. Safety Control System of the Dam Structure
	4.9. Leakage from the Penstock


	Reference Tables and Figures
	LIST OF TABLES AND FIGURES
	Figure R1 Angat River Basin
	Figure R2 Change in the Probable Monthly Rainfall by Month at the Norzagaray Site
	Table R1 Probable Monthly Rainfall at the Norzagaray Gauging Station
	Table R2 Annual Maximum Inflow and Daily Maximum Runoff
	Table R3.1 Probable Inflow Runoff to the Angat Dam (Single Day)
	Table R3.2 Probable Inflow Runoff to the Angat Dam (Two Consecutive Days)
	Table R3.3 Probable Inflow Runoff to the Angat Dam (Three Consecutive Days)
	Table R3.4 Probable Inflow Runoff to the Angat Dam (Four Consecutive Days)
	Table R3.5 Probable Inflow Runoff to the Angat Dam (Five Consecutive Days)
	Figure R3 Probable Annual Inflow to the Angat Dam
	Figure R4 Basic Pattern of the Probable Inflow
	Table R4 Basic Pattern of the Probable Inflow by Node and Flood Frequency
	Table R5 Relation Between Flood Inflow and Passing of Time by Return Period
	Table R6 Relation Between Flood Inflow and Permissible Rate of Flood Discharge
	Figure R5 Discharge Rating Curve of Spillway
	Table R7 Ratio of Peak Outflow to Peak Inflow during Floods for Various Return Periods
	Figure R6 Movement of Earth at the 1986 Landslide
	Figure R7 Estimated Sliding Directions of the 1986 Landslide
	Figure R8 Longitudinal Profiles Along the Estimated Sliding Lines
	Table R8 Relation Between C and φ Values of the Mountain Mass Obtained from the Back Analyses (φ as Parameters)
	Table R9.1 Results of Analyses on Possibilities of Landsliding Calculations in Case A (Underground Water: Up to the Ground Surface; Seismic Force: Zero)
	Table R9.2 Results of Analyses on Possibilities of Landsliding Calculations in Case B (Underground Water: None; Seismic Force: 0.15 g)
	Table R9.3 Results of Analyses on Possibilities of Landsliding Calculations in Case C (Underground Water: Up to the Ground Surface; Seismic Force: 0.15 g)
	Figure R9 Relation Between Ground Water Level and Safety Factor Against Sliding
	Figure R10 Plan of the Dyke
	Figure R11 Typical Cross Section of the Dyke
	Table R10 Comparison of Measured and Calculated Amount of Seepage through the Dyke
	Figure R12.1 Comparison Between Measured and Calculated Amounts of Seepage through the Dyke (SW-1)
	Figure R12.2 Comparison Between Measured and Calculated Amounts of Seepage through the Dyke (SW-2)
	Figure R12.3 Comparison Between Measured and Calculated Amounts of Seepage through the Dyke (SW-3)
	Table R11 Average Amount of Seepage through the Dyke
	Figure R13.1 Comparison Between Measured and Calculated Values of Borehole Water Levels (No.2)
	Figure R13.2 Comparison Between Measured and Calculated Values of Borehole Water Levels (No.4)
	Figure R13.3 Comparison Between Measured and Calculated Values of Borehole Water Levels (No.5)
	Figure R13.4 Comparison Between Measured and Calculated Values of Borehole Water Levels (No.6)
	Table R12 Monthly Generation of Angat Hydroelectric Power Plant for the Year 1987
	Table R13 Monthly Water Requirements for Angat Hydroelectric Power Plant for the Year 1987
	Table R14 Installed Capacity and Annual Energy Output of the Luzon Power System (1986)
	Figure R14.1 Organization Chart (NAPOCOR)
	Figure R14.2 Organization Chart (Head Office Engineering-Main)
	Figure R14.3 Organization Chart (Northern Luzon Regional Center)
	Figure R14.4 Organization Chart (Angat Hydroelectric Power Plant)


