7.5.2,

portion of the face has been further damaged by surface slides

by erosions due to wave actions.

For the above reasons and as required for the purposes of this
study, the stability'of the dam was analyzed, as described in
detail below, by using the currently prevailing methods of

analysis.

The analysis was based on the sectioné of the dam as measured in
the field, thus, presenting the current actual condiﬁions. The
properties of the embankment materials were as given 1in the
EDCOP-TAMS Report mentioned previously. Certain such values

were changed, so different ones were used when considered

"appropriate.

Data Used in the Analysis

{1) Dam Section

The D-2 Cross Section of the dam shown in Fig.'7.4 was used

" as a typical section for the stability analysis.

{2) Properties of Embankment Materials

‘'As there are no data on the shear strength of the
embankment materials used in the original design, for this
aﬁalysis, the shear strength was based on preliminary data
given in the EDCOP-TAMS Report and the data used for the
- “Ambuklac dam located on the same river not far from Binga.
The data used fbr.Binga in this analysié are presented in

Table 7.1 below.

The unit weights of the embankment materials for Binga as
used ‘in the analysis are shown in Table 7.2, further below.
.The_sﬁea;'strength tests performed for the core materials
of the Ambuklao dam. are shown, for comparison, in Table
7.3.



Table 7.1

Shear Strength of the Binga Dam Embankment Materials

as Used for the Stability Analysis

‘Internal
Zone Friction Angle Cohesion
Rockfill materials 43° )]
Filter materials 350 -0
‘Core materials 23° 0.6 kg/cmz
Table 7.2

-Unit Weight of the Binga Dam Embankment

Materials as Used for the Stability Analysis

b3 %7 ’ *
Zone v d 1 Yy i ¥ sat 3
Rockfill materials 1.9 2.0 2.1
Filter materials 1.9 _ 2.0 2.1
Core materials 1.8 1. 2.0

Note: %1 ; Dry condition
%2 5 Wet condition

%3 . ; Saturated condition



E)!

Table 7.3

Results of the Shear Strength Tests on the Core
HMaterials of the Ambuklaoc Dam

- U Test

2 2 : 2
Ceu : 0.86 kg/em™, 0.33 kg/em®, 0.71 kg/em™

dou 3 26° , 26° , 23°
- CD Test :
A 2 2 2
Ced ¢ 0.66 kg/em™, 0.12 kg/em®, 0.33 kg/cm

“ded 2 28° , 31e , 28°

- Average Value
“Ceu : 0.645 kglcmz,:CCd': 0.377 kg/cm2
"dou @ 25° ,-6cg : 29°

‘Note: Cu ... consolidated and undrained condition

cd ... consolidated and drained condition

Loading Conditions

The following three reservoir water levels were considered

in the ‘analysis:

Case 1 F.W.L.. - EL.579.5nm

- Case 2 N.W. L. EL.575.0 m

_CaSe 3 : L;W.L. EL.SSS.O M

The analysis for Case 3 with the reservoir level at EL.555
m., (L.W.L.), was carried out on the assumption that the
water pressure in the core would remain unchanged from that

used for the normal reservoir level (N.W.1.), in view of an

'ébrupt drawdown of the resérvoir water level,

The Binga dam is located in an earthquake zone. Since the



earthquake affects, te a great extent, the stability of the
dam, due cons1deratlon ‘should be glven in the Study to the
seismic conditions occurr1ng in the region.. As the design
eriteria for the earthquake effects used in the original
design of the Binga dam are rnot known due to lack of
available data, it was decided to use, instead, the seismic
conditions ' used for the . Ambuklac dam. A seismic

coefficient is set as kh = 0.15.

7.5.3. Method of the Analysis

The dam stability anaiysis was carried out by the Slice Method

‘using a circular sliding surface.

The particulars of this method are as foilows;

$lice Methed VUsing a Circular Sliding Surface

E{Cl—-(N-‘" — N )tan 8}
n g;(m-r) -

N 7 Vertical component of forca acting on a sliding surface of each slice
T 1 Tangent component of force acting ow a ‘sliding surface of each slice

[J : Pore pressure acting 9n a sliding surface of each slice

N ¢ Vertical component of inertia force acting on a sliding surface
of each slice at the earthquake

Tangent component of inertia force acting on a sliding surface
of each slice &t the eartliquake. -
4 . Intexnal frictiom angle of materialg au a sliding surface of each slice
€ ! Cchesion of materials on a sliding surface of each slice

! © Length of a sliding surface of ‘each slice
Then. N. T. N. T. U are expressad as below !
k) ¥ * T )
'The”fbllbwing'sighs'used'in.formulas-dendte :
7. Unit weight of water
% 1 Met unit weight
" Yier - Saturated unit weight
Y. - Submerged -unit weight

k Seismic coefficient of the dam

y : Pore pressure per unit lengch

7~ 12
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7.5.4. Results of the Analysis

(1) Stability Analysis of the Upstream Slope

The stability analysis of the upstream slope of the dam is
normally carried out on various conditidns, such as
immediately after completion of the embankment, for full
reservoir water level and an abrupt'reéervoir drawdown with
or without seismic loading. 5ix various cases were
analyzéd by combining the above loading conditions. TFlood,
normal and low reservoir oferating conditions were
considered. Fach of these conditions was investigated with
and without tﬁe earthquake effects included. The results

of this analysis are shown in Table 7.4, below.

Table 7.4
Safety Factor against Sliding for
the Upstream Slope

_ Large'slides ‘ Sﬁall slides
Conditions Safety  Radius of Safety  Radius of
factor sliding {m)} factor - sliding (m)
- .
‘At normal F.W.L. 2.16 92.5 1.25 22.6
situation N.W.L.  2.06 117.5 1.26 . 28.3
(N>
LWL, 1.67 1033 1.32 78.0
.At oarth- F.u.1.. 1.18 _ .110.6 '0.81 33.0
quake N.W.L.  1.16 110.6 0.87 33.7
(s) . . -
L.W.L. 1.06 - 98.5 0,98 78.0

Two types of slides by-size, termed lafge and- small, were
investigated. It is assumed that the small size could
appear in the upper portion of thé upstream face of the dam
only, while the large slides could ‘affect the whole slope.
Potential sliding surfaces related fo the cases given in
Table 7.4 are draﬁn in.Fig.7.5. ﬁith a reference to this
table and figure, the results of the analysis)are‘evéluaféd

as follows:

7 - 14



For normal loading conditions, all safety factors against
sliding for both the large and small slides indicate a
value higher than 1.25 at. any reservoir water level.
Comparison of the safety factors between the large and
small slides indicates that the latter is smaller than the
former. This is due to the fact that the slope gradient of
the upper portion of the dam is as gentle as 1:30. With

regard to the reservoir water level conditions, the safety

"factor against sliding for the large slide at the low water

level is found smaller, as the residial water pressure in
the core due to the abrupt drawdown of the water level is

assumed to be effective.

When the earthquake effects are included, the safety factor
against sliding for the large slide is larger than 1.0 (the

minimum 1.06) at any water level, but that for the small

._slide is in a-range of (.81 to 0.87.  Consequently, with

the present condition of the upper portion of the dam kept

as it is, the small slides may be caused on the occasion

that ~an earthquake with a design seismic coefficient

Kh=0.15g take. place at the full or high water levels.
Listed in Table 7.5 below for reference are seismic
coefficients which make the safety factor against sliding
for the small slides to be 1.0 with the present shape of
the dam maintained. Thbse values are found to be 507 to

907 of the'design values.

Table 7.5,

. Seismic Coefficients Applied for Stability
of the Dam Upstream Face '

‘Reservoir _ Seismic Coefficient Applied. Radius for “Return
Water Level for Safety Factor 1.0 Sliding (m) Period (Year)
F.W.L. - 0.075 30.79 79
HM.L. 0.090 32.61 115
L.W.L. 0.135_ 72.79 301



(2) Stability Analysis of the Downstream Slope

Six different cases were also investigated in the stability
analysis of the downstream slope. He¥e, again, the three
different water levels in the reservoir, flood, normal and
low, were consideréd. Bach case was investigated with and
without the - earthquake. - For all cases inveStigated, the
safety factor was found to be above 1.0. Large and small
slides, as was the Case'for the upstream slope, were also
‘investigated: The results of the analysis are shown in

Table 7.6.

Jt is also found for the downstream slope that the safety
factor of the sméller slides is__loﬁer than that of the

larger slides.

This is again attributable to the fact that the slope
' gradient of the upper portion of 'the dam in steep. Both
small and ‘large slides indicate safety factors higher than
1.5 for normal loading .conditions. For caées when - the
earthquake is ‘included, the safety factor for small slides

on the downstream slope is no less than 1.15.

Table :7.6.

-Safety Factor against $liding on
the Downstream Slope

_ Large slides . - Small slides
"~ Conditions Safety  Radius of  Safety =  Radius of
: factor  sliding {m) ‘factor . sliding {m)
F.W.L.  1.71 - 724.3° 0 1.55 40,45
At normal : ; .
situation BT . w ) n 1%
N.W.L. : :
- (N) -
L W L 1 " 1 1t
W.L. 1. 1,529.6 ° 1.15 3
At earth- ¥ H L 1.23 ! : - _
qua_ke N.ﬁ L- ) " 1 ) N : it
1 it "

L.W.L. "




7.5.5.

Recommendations and Conclusions

In accordance with the results of the stability analysis of the
dam described above, it is found.that thé earthguake effects

could cause problems with the stability of the upstream slope of

‘the dam. This is attributable to the slope gradient of the

upper'portion of the dam which at certain locations of this
portion is as steep as'i:l.BO. It is, therefore, proposed in
the rehabilitation plan to rebuild this portions of the dam by
backfilling and provide a slope with a uniform gradient of no
less than 1:2.23. The cross section of the repaired slope is

shown in Fig.7.6.

Stability analysis of ‘the new (repaired) section of the dam was
carried out using the same assumptions, 1bading conditions, and
prinéiples as shHown above. The results of the analysis are

shown in Table 7.7 and‘Fig.7f?. The safety facters for normal

- operating conditions are all well above 1.0, with the minimom

-equal to. 1,50, The minimum safety factor with the earthquake

incldded is 1.0.

" Tt is also noticed that as compared with the existing dam

section, the safety factors agéinst sliding of the repaired
section are smaller for the case of large slides. The reason
for this is the increased mass of the dam due to the new
backfill materials added which ‘increase the size of the sliding
force.

Table 7.7,

Safetvy Factors for the Upstream Slope after Repairs

‘ Large slide Small slide 
Conditions Safety Radius of  Safety Radius of
factor -gliding (m) factor sliding (m)
At:normal f.W.L. ,1.92_ _ . 98.8 Z.Ql 49,2
situation  w yq., 1.8 106. 6 2.04 &h.3
(N) | |

' L.W.L. 1.50 . 106.6 0 2.16 95.4
At earth- F.W. L. 1.09 . '118.2 '1.23 48,24
aate N.W.L. o 1.09 118.2 1.37 40.3

" LMWL L. 1.900 106.6 - 1.50 139.1
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7.6, Probabilitv of Earthquake at Binga Site

7.6.1.

7.6.2.

Record of Earthquakes

The return period of the earthquake.at Binga site located at

16.395 degrees of north latitude and 120.728 degrees of east
longitude was studied using the records of earthguakes covering

the area of 13 to 19 degrees of north latitude and 119 to 123

degrees of each longitude. (Extracted from “"Earthquake Listing,
Area: Latitude 13-19 degrees, Longitude 119-123 degrees, Source:

Preliminary Determination of Epicdenter - Monthly listing, U.S.
Department of the Interior/Geological Survey National Earthquake

Information" and other sources).

The above sources of information cover a peried of 91 years from
1896 to 1986 out of which 54 years are available with the

relevant data - provided as feQuired. There occiurred the

‘earthiquakes 1,550 times during this period, and ‘the dates and

time of Dcéurrence, locations  of epicenters (latitude/

longitude), depths of hypocenters and the - magnitudes are

recorded therein.

Probability of Earthguake

In respect of the abovementioned all earthguakes, the eguivalent
seismic forces at Binga site were obtained using the Kanai

formula which is expressed as below:

log a =0.6L M - (1.66 + .3_;—0) Jog X

: 1.83 1
+ {0.167 - X )+ 100 T

: gal. acceleration (ch/sec,z)
: distance from hypocenter (km)

: magnitude

MO M

: predoﬁin&nt'period'(sec.) o



The predominant period is a function of the distance from an

hypocenter (X) and the magnitude (M) as illustrated in Fig.7.8.

Subsequently, the maximum seismic force at each year a was
checked with its probability #(a) using the Gumbel IIX

distribution function which is expressed as below:

. _in W - gn ak
$(a) = exp.{ (in T on =)}

where, W, v and k are parameters to fix a form of distribution,
which are determined by the method of least squares so as to
suit the actual form of distribution. After this distribution
function has been determined, a return period T (year) can be
obtained from the relation of T = 1/{1-4(a)). As the result of
calculations,‘the parameters of the distribution function for

the Binga site indicated the following values:
W = 578.965, v = 1.210, k = 3.988

Fig.7.9 shows the data used for the calculations and the

distribution curve led by the procedures abovementioned.

Further, the seismic force a (gal) corresponding to the return
period T year is obtained from the above distribution curve as
shown in the  following table, in which the seismic force
kh=0.15g (=147 gal) used before for the study on the dam
stability is found to correspond to an earthquake of the

400-year return period.

Return Period and Seismic Force

Return Period 5 20 5 - 100 200 400

(year)
Seismic Force 8 31 57 33 113 147
(gal) '
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Fig. 7.5 Potential Sliding Surfaces and Safety Factors
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8. LBFT BANK OPEN-CUT EXCAVATION






3.

3.1.

)
rd

Left Bank Open-cut Excavation

General

‘The left bank spillway open-cut excavation slope is 130 meters

high and about 500 meters long. The geologic features of the
slope are shown in Figs. 6.2 through 6.5. Host rocks comprising
the slope belong to CM class with some distributions of CL and D
classes of rock in the upper portioms of the slope. In addition,

few faults are observed in the CM class rocks.

In this section, the stability analysis was carried out for all

possible slides all over the slope on the assumption that rocks of

"each class are uniform- in properties. - Local sliding due to the

fractured zone such as faults was studied somewhere in Section 6

”Géology”.

Stability Analysis of the Excavated Slope

“Sections Considered in the Analysis

Of all the sections of the slope surveyed currently, Section S5-2
" was chosen for the -analysis because it contained the thickest
layers of CL -and D class rocks in gquestion. Section $-2 is

exhibited in Fig.8.1.

Assumptions

As currently there are no data on the shear strength of the
rocks constituting the 'slope, assumed values have been
‘recommended by the geologists as shown in Table 6.2, in which
“unit weight values used in the analysis are also given. The
ground. water level was assumed to be at the ground surface
level, - taking into account the extremely high rainfall
inténéity. The seismic coefficient‘ kh was assumed .15, the

same as that'appliéd to the dam stability analysis.



8.2.3.

Methedology

The method used in the .stability analysis of the left bank
excavated slope was the Slice Method based on a circular sliding
surface. 'This was the -'same method ~as that used for the

stability analysis of the dam.

Based on ' the ‘following procedures, the possible slides. were
assumed and the minimum - safety factor against sliding was

obtained.

{1) To set node points on the profile of the slope every three
to four meters in the horizontal direction as shown in
Fig.8.1. The berm portions at which gradients of the slope

change are set as node points.

{2) To assume starting points of sliding on the top portion of
the slope; EL.740 m, Node Nos. 69 to 80, and then to
select, as ending points of sliding, those points at which

" gradients of the slope change, for the purpose of checking

the stability of the whole slope.

(3) To assume each point of the slope at which the gradient
changes as a starting point or an ending point of sliding,

for the purpose of checking the stability of each.berm,

"(4) To assume sliding surfaces with the starting and ending

points of sliding'moﬁed in a range of the adjacent five to

six nodes for both cases of (2) and (3)5550ve.

(5) To search the minimum safety factor against sliding by
changing a radius of the sliding circular arc one after

another for all assumed sliding surfaces.



8.3.

Results of the Analysis

As the results of the analysis for possible slides on the leit
bank excavated slope, it was found the sliding surface which
indicated the smallest safety factor against sliding passes
through the D class rocks in the top portion of the slope. The

safety factor (Fs) in this case shows 2.87 at the normal condition
and 2.30 at the earithquake, which fact can ensure the safety of

the slope against sliding. (Refer to Fig.8.2)

Shown in Table 8.1 is a summary of the results of the analysis for
possible sliding surfaces mentioned in the preceding sub-section.
According to this table, it is revealed that the safety factors
against sliding are 9.1 to 13.5 with regard to the sliding surface
between each berm of the slope, and 3.1 to 6.6 with regard to the
sliding surface between the top portion of the slope and

respective berms.
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9. "SPILLWAY AND PLUNGE POOL







9. Spillyay and Plunge Pool

9.1.

9.1.1.

9.1.2.

Hydrologic Analysis

Agno River and Binga Dam Rasin

The Agno River originates from a high rainfall -area in the
central region of the Luzon Island, with annual average rainfall
of about 3,008 mm, which can be ranked as one of the highest in
the world. The river extends for about 300 km in lengih and

reaches the sea at the Lingaven Gulf, as shown in Fig.9.l1.

ThefBinga dam, completed in 1959, is located in the mid stream

of the river and has a combined drainage area of 936 kmz. The

dam is of rockfill construction and is designed for the single

purpose of  generation of electricity. Located some 13 km
upstream of the dam as shown in Fig.9.3 is the Ambuklac dam,
which was completed in 1956, and has a combined drainage area of

690 kmz. The Binga dam basin excluding Ambuklac dam basin has a

drainage area of 246 kmz.

The principal tributaries of the Agno River flowing into the

Bihga reservoir are Besal, Adonot and Sadyo with a drainage area
? .

of 147 'km™, 69 kmz and 2.5 kmz, respectively, as shown in

Fig.9.4. These tributaries flow intc the reservoir at locations

“some 11, 5.5 and 0.9 km upstream of the damsite, respectively.

Location of Hydrdldgic Observation Stations and Observation

Periods

The location of the hydrologic observation stations of the Binga

dam basin. and  the neighboring areas is as shown in Fig.9.3.

The observation period by station is shown in Table 9.1.



9.

1.

3.

Records on Rainfall

{1) Correlation of Monthly Rainfall between Observation

Stations

Shown below is the monthly and annual average rainfall at
the Binga damsite obtained from the data taken over the

31l-year period from 1957 to 1987+

Monthly Average Rainfall:

January 6.1 mm
February 5.0
March 37.5
April ' 68.3
May 271.4
June  345.7
July . . 530.6
August - 508.9
September 344.7
October 204.3
November 82.0
December _ 13.4

Annual Average Rainfall: 2,417.9 mm

As can be seen from the above, the rainy season for each

year extends from May to November.

Table 9.2 shows the correlation coefficients 0f the monthly

rainfall for major -observation staﬁions, obtained from the

" data taken for the.period'of May to November, ‘generally

considered as the rainy season. As can be seen, the data
taken at the Ambuklac and ‘Baguio'ﬁity stations are very

gimilar to those taken at the Binga station. It is there-



(2)

fore considered reasonable to make an estimate of the
rainfall for the Binga damsite during the non-observation
periad on the basis of the data obtained for the same
period at either the Ambuklao or Béguib City stations. The
correlation coefficients of the monthly rainfall between
the Binga and Baguio City stations and between the Binga
and Ambuklao stations are plotted on Figs. 9.5 and 9.6,

respectively.

The straight line shown in the Figures represents the
linear repression line obtained from the data taken at the

respective observation station. It can be expressed as:

'RBINGA = 157.2 + 0.899 RAHBUKLAO

K - 4 4 .

RRrNGA 115.4 +.0.476 RBAGUIC

Where,

RBINGA “is the monthly rainfall at the Binga
“damsite.

RAMBUKLAO is the monthly rainfall at the Ambuklao
damsite.
; N : ‘ . .

RBAGUIO is the monthly rainfall at the Baguio City

station.

Table 9.3 shows the monthly rainfall at the Binga damsite
during the period from 1902 fo 1986, by applying the above
principles to estimate the rainfall during the non-

observation period,

Relation between Monthly Rainfall and Maximum Dailv

. Rainfall at the Binga Damsite

Pletted on Fig. 9.7 is the reldation between the monthly
rainfall and maximum daily rainfall at the Binga damsite

during the rainy season: (May to November) for the period



(3)

during which the observation data were available {1970 to
1987). The straight line shown in the Figure represehts
the linear regression line of the monthly and maximum daily

rainfall,

Table 9.3 shows the maximum -daily rainfall at the Binga

damsite obtained from the monthly rainfall over the'ﬁeriod

from 1902 to 1986,

Relation between Daily Rainfall and Maximum Hourly

Rainfall at the Binga Damsite

The hourly rainfall data at the Binga damsite are available
only for the periods listed in Table 9.4. Plotted on Fig.
9.8 are the hourly rainfall data thus available for the
period from July to October, 1980.

Table 9.5 shows the maximum rainfall (RT) of consecutive
hours (T = 1 to 12 hours) of the day with a maximum yearly
rainfall. The table also shows the day's rainfall for 24
hours (R,,) and the rate of T/24. |

" The relation between the consecutive T-hour rainfall and

the day's total rainfall is expressed as:

., T X
Ry = Rou 557

The value X in this equation varies with the meteerological
conditions of the region, “but is may. be-'sheﬁn---by the
straight line given in Fig.9.9, "in which the values for
R./R,, and T/24 of Table 2.5 were plotted on a logarithmic

T 24 .
paper. The value K is, therefore, estimated to be 0.76.
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A,

Water Levels, Tnflows to and Outflows from the Binpa Reservoir

(1) Record of Water Levels

(2)

(3)

Daily vecords on the water level of the Binga reservoir are
available for the period from 1964 to 1987 (to September),
while the hourly records are available for the principal

flood season during the period from 1965 to 1986.

Record of Reservoir Inflows

-Daily records on the inflow to the Binga reserveir are
“Available for the period from 1976 to 1987 (te March). The

mcnthly records are available for the period from January
1962 to February 1987, while the annual records are

available for the'peri0d from 1962 to 1986.

Record of Reservoir OCutflows

{i)} Binga Reservoir

Daily records on the ocutflows from the Binga reservoir
are évailable for the period from January 1964 to
September 1987. Records on the spillway. gate
operation and water 'discharge tﬁrough the spillway
during floods.are available for the period from 1964
to 1986.

(i1} Ambuklao Reservoir

Hourly records on the outflow from the Ambuklao
‘reservoir during floods are available for the period
from 1958 to 1986. | '

The period for which the above records are available is
shown in Table 9.6,



(4) Hourly Inflows to the Binga Reservoir during Floods

The hourly inflows to the Ringa reservoir during floods are
obtained by considering the changé of the reservoir water
level and the amount of water released from the Ambuklao
and Binga reservoirs during a given time. The floods
considered in the calculation are limited to those which
occurred in the period listed below, taking inte account
the magnitude of the floods and the period during which the

respective data were available.

Period in’ which the Typical Magnitude Floods Occurred

No. Period Maximum Inflow

1. May 22 to 30, 1976 1,181.0 m>  (May 26)
2. June 25 to July 3, 1976  2,497.0 (June 30)
3. November 1 to 7, 1980 2,617.0 (Nov. 5)
4. August 28 to 31, 1984 2,498.8 (Aug. 27)
5. June 22 to 25, 1985 902.5 {June 22)
6. June 28 to July 1, 1985 1,258.8 (June 29)
7. July 9 to 11, 1986 939.1 (July 11)

The inflows to the Binga reservoir were obtained using the

following continuity equation:

av/de = Q. . - Q

inl out
Or, |
Q5 = dV/dt + Qg + Qg +.e.. (9.1.1)
When, |
Uni = nz * Uy * Oy amd
Qc:ut = Q51 + le



Then,

Qg = dV/dL + Qq) + Qpy - (Qgy + Qpy) - (9.1.2)
Where,

t = Time.

v = Bipga reservoir storage capacity.

Qinl = Inflow to the Binga reserveir.

Qbut = Qutflow from the Binga reservoir.

QSl = Discharge through the Binga spillway.

QEl = Releases through the Binga powerplant.

QSZ = Discharge through the Ambuklao spillway.

QE2 = Releases through the Ambuklao powerplant.

Qinz = Runoff inflow from the Binga dam basin

{(drainage area), excluding Ambuklao dam basin.

‘Table 9.8 shows the hourly inflow to the Binga reservoir

during typical flood periods obtained by using the above
equation. Selected as typical floods are Nos. 1, 2 and 7
of Table.9.7. These floods were selected on the basis of

their size and available data.

Fig. 9.10 shows the hourly inflow during the same typical
flood periods. The inflows 1listed in Table 9.8 with

negative sign are shown as zero in the above Figure.

9.1.5. Relation between Rainfall and Inflpw

(1)

Preparation of a Runoff Model

The runoff function method used for the Study of the
Ambuklac Dam Rehabilitation Project is applied to the model

to show the relation between the rainfall and water runoff.
The model was defined as follows:

Q= ( 3r6 ) AfG2E-BXP(~at) ..uin.n... (9.1.3)




where, _

Q = Amount of runoff when rainfall r (mm/hr)
lasts one hour.

A = Drainage aréa (lm?).
(246 km? in the case of the Binga dam basin.)

f = Runoff coefficient.

a = iltp. _

tp = Time lag (hr) from the beginning of rainfall until
the occurrence of peak runoff.

t = Elapsed time (hr).

A time-runoff curve {hydrograph) was obtained.by applying
equation (9.1.3) using - a series of different runoff

duration times.

The  value "tp" in equation 9.1:3 was obtained by the

following method: -

First, the flood wave velocity must be determined. The
flood wave velocity can be expressed, according to the

Rziha eguation, as:

W= (O L e o (9.1.4)
Where,
W = Flood wave velocity.
h = Differenée in elevation bétween the'upstreém end
of the basin and the reservoir (m).
= Distance from the upstream end of the basin:fo the

L

reservoir.

"The concentration time of the flood, ta (sec.), can be

written as:



ta = “$~

" Where, for the Binga dam basin:

L is 34.32 km.
h is 1,715.0 m (EL.2.290 m - EL.575 m).

Hence,

W= 20 x (1,715.0/34,3205%°% = 3.31 m/sec.

Therefore,

tp = L/W = 34.320/3.31 = 10,368.58 sec. = 2.9 hr.

Conversion of the daily rainfall to the hourly rainfall can

be accomplished by the following equation:

: 0.76

Rr (mm) = R24 {t/24) ieieeeas (9.1.5)
Where,
Rr = Rainfall for t hours.
R24 = Daily rainfall.
“The rainfall for t hours (1,2,3, ..... 24) can be obtained

from the above equation, and the hourly rainfall can be
determined by Rl, R2-Rl, R3-R2, R4-R3 ..... ‘Shown below is
a hyetograph composed on the basis of the results
determined in the above manner.

L

(mm/hr) R:

R 2™ R

intensity

Rainfall

g -9 ! d t(hf)



()

The inflow to the Binga reservoir comprises the outflow
from the Ambuklao reservoir and the runoff inflow of the
Binga dam drainage area, excluding Ambuklao dam basin, and

it can be written as:i

Qi = Upa + (Qgp + Q) vevennninn. (9.1.6)
where,

Qinl = Inflow to the Binga reservoir,

QinZ = Runoff inflow from the Binga dam drainage area.

QE2 = Releases through the Ambuklao powerplant,

QS2 = Discharge through thelAmbgklao spillway.
Verification

Plotted on Figs. 9.11 (1) to {(3) are the inflow to the
Binga reservoeir during the'threg different flood periods,
May 22 to 30, 1976, June 25 to July 3, 1976, and July 9 to
11, 1986. The calculated values are shown in these Figures

by dotted lines and the measured values by solid ‘lines.

In the calculations, the daily rainfall during the flood
period was first converted to the hourly rainfall by using
equation (9.1.5). For the 1986 flood peried, the available

measurad hourly rainfall was used.

Next, runoff was calculated using egquation (9.1.3). . And
finally, the inflow to the Binga reservoir wés'éalculated
using equation (9.1.6). In the ecalculations, fﬁe runoff
coeffiéient.was set at (.8, and the base flow was assumed
to be the average of the 25-year (1962 - 1987) flows of the

respective months of the above flood periods.



9.1

6.

Probable Flood Discharges for Various Return Periods

{1) Probable Daily Rainfall

(2)

The probable daily rainfall at the Binga damsite can be
obtained from the data of the maximum daily rainfall during
a year over the period from 1902 to 1984, The data

contains the non-observation period from 1939 to 1946.

The Log-Normal, Moment and Gumbel-Chow Methods were used
for the ecalculation. The results of the calculation are
shown in Table 9.9 and are plotted on Fig.9.12 by Hazen
Plot. '

Frobéble Inflow to the Binga Reservoir

The pfobable infiow to the Bihga reservoir consists of the
probable ‘discharge from the Ambuklao reservoir and the
runoff of the probable precipitation on the Binga dam basin

excluding Ambuklao basin.

(i) Probable Discharge from the Ambuklac Reservoir

The probable discharge from the Ambuklao reservoir was
estimated'baséd on the maximum -discharge through the
spillway which may be produced by the - following
p;océdure of gate operation, as identified from
several alternatives considered in the Study of the
Ambuklao Dam Rehabilitation Project (JICA Report March
1988): '



(ii)

Reservoir Water level Number of gates fully opened

752.30 : One
752.32 . Two
752.34 : Three
752.45 Four
752.50 ' Five
752.55 : 5ix
752.60 : Seven
752.65 Eight

The maximum inflow to and outflow from the Ambuklao

reservoir by return periods are as shoun below:

Return Maxzimum Inflow Haximum Discharge
Period to the Reservoir through the Spillway
3 C3y
yrs m /sec. “‘m” [sec.
200 B 8,201 : . 85068

10,000 12,419 C 11,048

The probable discharge through the spillway for return
period of 200 and 10,000 vears in relation to time is

as tabulated in the QS column of Table 9.10.

Maximum Probable Runoff Inflow from the Binga Dam

Basin Excluding Ambuklao Dam Basin

The probable daily rainfall at the .Biﬂga damsite
obtained in (1) above, and the rainfall pattern of
fiﬁe consecutive days for the period of May 23 to 27,
1976, Fig.9.13, in which the measured daily rainfall
reached the maximum level throughout the year, were
used for establishing the raiﬁfall,-pattern of the
corresponding return = periods. The ratio of the
maximum to the remaihdér in the pattern was identical

to the actual pattern, Fig.9.13.



9.2,

9.2.1.

The maximum daily raihfall_throughout the observation
periods of 1971 to 1976, and 1930 to 1986 was 367 mﬁ.
1t was recorded on May 25, 1976. The conversion of
the daily rainfall to the.hourly rainfall was made in
a similar manner to that given in Para. 9.1.5(2),

above,

The base flow was set at 15 malsec. Tt was based on

the monthly average for May of the years 1962 to 1987.

Also taken into account in the calculation was the
discharge of 61.4 m3/sec. corresponding to the

Ambuklao plant power generation.

The maximum inflow to the Binga reservoir by return

period was found to be:

9,230 m3/sec., for return period of 200 years

12,940 m3/sec., for. return period of 10,000 years

The results of the calculation as a function of time
are shown in Table ¢.10, and are plotted on Figs. 38.14
(1) and 9.14(2). These are flood inflow hydrographs
for the Binga reservoir which depict the rate of

inflow in relation to time (inflow-time curve).

Adequacy of Spillway Capati;g-

Spillway Capacity

The plén and the cross section of the spillway. crest are shown
in Fig.9.15. The relation between the reservoir water level and
the discharge through the spillway for such shape, with the
spillway gates fully open, is ‘expressed, accbrdiﬁg to the
Iwasaki Formuia for standard overflow type crest sections, as

follows:



Q=nCBH' " ... ... e (9.2.1)
1+ Za(ﬁg

C = 1,00 e e e £9.2.2)
1+ a (*ﬂ '

Hd
- &d - 1.6
8= TS TG rerrreereress v easaaea {9.2.3)
cd = 2.2 - 0.0416(3H %0 (9.2.4)
Yere,

Q = Discharge (mglsec.)

n = Number of spillway gates.

B = Width of the overflow section {m).

H = Head measured from top of the crest {m),.

Hd= Design head measured from top of the crest (m).
W = Height of the weir.

a = Constant.

C = Discharge coefficient.

Cd= Discharge coefficient when H = Hd

The characteristics of the Binga spillway gates are:

Crest level. : FL.563.0 m (Z)
Number of gates 26 (n)

Width of gate : 12,5 m (B
Height of weir : 6.0 m (W)
Width of pier : 4.121 m (b)

The discharge coefficient for the design normal water level in.
the reservoir at: EL.,575.0 meters was obtained by the use of the

Iwasaki Formula as follows:

Hd = NWL-EL.575.0m - FL.563.0 m =12 m
W=56m



)0.990

Therefore, €d = 2.200 - 0.0&16(—1%~ = 2.1174

Using equation (9.2.3), the corresponding value for "a" is

obtained as follows:

_ 2.1174 - 1.6
3.2 - 2.1174

= (0.4776

"The value of "C" is obtained by equation (9.2.2) assuming

H = Hd:

'By applying equation (9.2.1) wusing the above values, the
discharge over the spillway crest for the reservoir water level
at FL.575.0 meters is:

Q=06=x 2.1174 x 12.5 = 12312 = 0.600 m3lsec.

The relation between the partial opening of the spillway gates

and the water discharge can bs expressed as:

Q=% en usn, % - %)
Where,
g = Discharge coefficient (see Fig. shown below).
B = Width of gate. -
H1 = Total head on the cxest, including velocity head.
H2 = Total head on the gate bottom.



Tor illustration, see sketch below.
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The relationship between the discharge and the gate opening for

" various reservoir water levels is shown in Fig.9.16.

‘Haximum Rise of the Reservoir Water Level

The maximum rise of the reservoir water level ‘has a direct
bearing on the adequacy of the requiréd safe freeboard for the
dam. The required freeboard is greatly influenced by the

effects. of floods, winds and earthquakes.

(1) Rise of the Level due to Floods {Maximum Flood Surcharge)

‘Flood studies were conducted for floods with a 200-year and
10,000-year return periocds. The corresponding max imum
inflows {peak of the inflow hydrograph) WQre'11;080:m3Iée¢
(increased by 207 over the 'ZOO-ygaf flood inflow), and



l2.940_m3}sec, respectively. The results of the studies
are shown in Figs. 9.17 (1) through 9.17(4).

The studies were based on the assumﬁtion that the gates

will be operated in the following manner:

Gate operation procedure "A"

The first two gates are fullj open when the water level
reaches EL.575.3 m

The next two gates are fully open when the water level
reaches BEL.575.5m

The last two gates are fully open when the water level
veaches EL.575.7 m

‘Gate operation procedure "B"

This procedure consists of gate operation procedures
currently used at the Binga dam based on the existing Flood

Operatioﬂ Rule for the Binga Dam. The relationship between

the reservoir water level and the spillway discharge is

shown in Fig.9.18.

The maximum water levels at the timé of the maximum
proﬁéble jinflow are given below. There are practically no
differences between the corresponding‘téserwoir levels for
the above two céseé, i.e., gate operation procedure "A" and

!IB“.

Gate Operation . Gate Operation
N Procedure A" Procedure "'BY
Flood Max. "Max. Max. Re- . Max. Max. Re-
.Frequency Inflow Discharge serveir Discharge servoir
S a : '3 Level 3 “Level
(m~/s) (m”/s) (EL m) (m/s) (BL m)
1/200 % 1.2 11,080 11,050 579:329 11.050 579.339

000 12,940 12,840  580.878 12.840 "580.878



(2) HWaves due to Winds and Barthquakes

(i) Waves due to Winds

The Sverdrup-Munk-Bretschneider (SMB) equation was
used to determine the height of the wave generated by

wind.

hw = 0.00086 vt w043

Where,
hw = Height of wave due to wind.
V = Wind velocity (m/sec)}, average of 10 minutes,
¥ = Fetch (km).

For the calculations, wind velocity at the BRinga
damsite was set at 50 m/sec, which corresponds to the
maximum recorded at the Baguio observation station,

. although the maximum velbcity recorded at the site was
only 36 mfsec (July 19, 1986). The fetch was set at
1,400 m based on the plan shown in Fig.10.1.

When the above values are applied to the SHMB.equation,

the following is obtained:

i. 0.45

0.00086 x 50°°1 % 1,400
1.656m = 1.70 m

hw

il

{(ii) Waves due to Earthquakes

The equation by Dr. Sato was used for determination of

the height of the wave generated by earthquake.

S S S e
he = 7 X5 gHo



he = Height of wave above resérvoeir water surface
due to earthquake.

‘k = Seismic coefficient of the dam at normal water

level, 0.15.
T = Seismic period, 1 sec.

Ho = Depth of reservoir water at normal level.

Sinece the bottom of the Binga réservdir is currently
at EL.530 meters, Ho is computed to be 45 wmeters
(EL.575 - EL.530). '

Thus,

: T 015 x 1
he = = x ———F—7—>—

2 374 V9.8 x &5 = 0.502 m % 0.50 m

The combined height of the waves due to wind and

eérthquake were, therefore, found to be:
1.70 + 0.50 = 2.20 m

The above waves plus the maximum reservoir water level
for floeds with frequency of 1/200 multiplied by 1.2
and for floods with frequency of 1/10,000, will
produce levels af' EE.SBi.SBQ and 583.078 meters,

respectively.

‘Since the dam crest is at FL.586 m, the dam will still
have a freeboard of 4.461 and 2.922 meters above the
two above reservoir levels, respectively.

9.2.3. .Conciusiqﬁg

"As described in Para. 9.2.2(1), the maximum diéchafge from the
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9.3.

.

Binga reservoir and the maximum reservoir water level for a
1/200-frequency flood multiplied by 1.2, which actually
corresponds to the 1/1,000 frequency flood, are 11,050 m3/sec,
and EL.579.34 m, respectively. The-correspbnding values for the
1/10,000-year frequency flood are 12,840 m3/SEC, and EL.5B0.88

.

As also described in Para 9.2.2(2), the freeboard for the Binga
dam was established to be 4.46 and 2.92 meters for floods with
1/1,000 and 1/10,000 return periods, - respectzvely. The
freeboard was computed assumlng Slmultaneous occurrence of waves

due to wind and earthquake.

The above fresboards déveloped for two major fleed frequencies
are considered to be acceptable. Therefore, the dam and the
spillway are regarded to be safe and adequate for the above two

floods

Plunge Pool

Spillwav Discharges

Table 9.11 gives the average daily spillway diéchérges greater
than 1,000 m3/sec and the maximum spillway discharge for the

respective'days. These are recorded spillway discharges for the

period from August 1964 to Octqber 1986.

In accordance with the records, the serious damage to the
retaining wall installed for protection of the downstream end

{toe) of the dam occurred on Juiy'l.“1976.

The peak  inflow. of the flbbd'octurred a - day before, June 30,
1976. The max1mum dlscharge through the splllway dur1ng this

avent was 2,602 m /sec, which also was the maximum to ever pass

over the Binga splllway.



9.3.

9.3.3.

(2]

Plunge Pool Depth

Shown in Fig.9.19 is a longitudinal profile of the plunge pool
along the extension of the spillway chute centerline on the

basis of the tbpographic survey made in 1987. The dotted line

“in the above Figure depicts the estimated trajectory of the jet

produced by the action of the flip bucket located at the
downstream end of the spillway chute. The trajectory

corresponds .to a flip bucket angle of 30° and a velocity of 31

‘mfsec. PFig.9.20 shows the estimated - water levels at the

downstream end of the pool for the spillway discharge of 6,600
m3/sec, occurring when six gates are fully open at NWL, and
2,602 1n3/sec, correspondihg to the flood which damaged the
retaining wall. The water levels were determined by non-uniform
flow calculations with the Manning's roughness coefficient (n)

of the riverbed assumed egual to 0.04.

On the basis of the above calculations, itliS}aésumed that the
jets correspondingr'tb :diséharges of -6,660: m3/sec ‘and 2,602
m3/sec would: land in the poel at points 108 and 114 m downstream
of the tip of the flip bucket. The water depths in the pool
during above discharges would be 25 to 30 m.

f

Flow Regime in the Plunge Pool

(1) Flow Velocities

" (1) ' Hydraulic Model Studies

' The spillway diséharges would cause a fluétuating and
complicated flow regime in the plunge pool when the
jef trajectory produced by the flip bucket would hit
the ‘pool area ‘consisting of irrvegular and uneven

topography.



(ii)

Therefore, hydraulic model studies were conducted to
determine the most suitable rehabilitation measures to
be provided for the damaged protection wall of the
dam. The model could reproduée similar flow regime ﬁo
the above, The model -was based on conservative
assumptions compared with the actual design of the

structures.

The topography of the plunge pool is shown in Fig.9.21
(plan), and Fig.9.22 {cross ‘sections). It was
possible to make a good approximation of the actual
topography on the adopted-model'tank of a round shape

shown below.

Velocity at the Flip Bucket

The velocity of the flow at the spillway flip bucket
was obtained from the graph shown in Fig.9.23.

The meaning of the symbols in Fig.9.23 is as follows:

Flow velocity at the invert of the flip bucket.

Vi =

2 = Total head (Ho - Hd).

Ho = Reservoir water level.

H = Head on the spillway crest (rgservoir’level minus

crest level).



(1ii)

9

Ad = Water surface level at the invert of the flip
bucket (Y! + Z1).

vl = Depth of flow at the invert of the flip bucket.

71 = Rlevation of the invert of the flip bucket.

The values of the above symbols for the Binga spillway

are.

He = 575.0 m

71 = BL.512.739 n

Hd = EL.516.549 m
= 3,81 m

Ly

12 m
6,600 mjfsec.

i

Using the above values in the graph shown in Fig.
9,23, the velocity at the flip bucket invert for a
spillway discharge of 6,600 mesec is found to be 31

m/sec.

Velocity oi the Jet .at the Impact Area of

the Plung Pool

Velocity of the jet in the impact area of the plunge

pool was determined by the following eguations:

q = Q/B
4= g/vo .
=S vee o)
Fri = Yo
Jad
Then,
v=1



Where,

= Discharge.

= Width of the flip:bucket.
Thickness of the jet.

= Flow per unit width of the bucket.

=~ B~V .- A
il

= Gonjugate depth in the jet impact area of the
plunge pool immediately before impact, assumed

to be the maximum depth of the pool.

Vo= Velocity of the jet immediately before impact.
V = Velocity of the jet immediately after impact.

The corresponding quantities for the above symbols for

the Binga plunge pool are:

Q = 6,600 m3/sec
B = 55.828m

Vo= 31 m/sec

]

Therefore;

118.220 (mjfsec)
3.814 (m)

= 6,600/55.828
118.226/31

f=]
|
[

[N
H]

Using the above formula and quantities, the following

is obtained:

Frl = — 2% = 5.07

J9.8 x 3.814

Thus,

2

B (S5 g 5077 - 1) = 25.50 (m)

2

b=
il



and

y = 118.220
25.5
The maximum velocity at the impact area of the plunge

= 4,64 m/sec

pool should, therefore, be considered to be about 5

m/sec.

(iv) Operating Water Levels in the Plunge Pool

The maximum depth in the model tank for the plunge

pool is expressed as:

2R2
hm=h + 2
4g
When,
Ah=hm - h,
Then,
2, 2
_ R
Ah = s
Where,
h = Average water depth in the model tank.

hm = Maximum water depth in the tank.

w = Angular velocity of the circulating flow in
the tank.
R = Radius of tank.

i

Acceleration of gravity.

Assuming R to approximately be equal to 70 m.and V

equal to 3 m/sec for . the model tank,



(23

then,

W = % = 7% = 0,07 rédians/seq
and,
2 2
_0.07% % 70%
h = A 0.8 = 0.613 (m)

For the design of the required protection measures for
the downstream end of the dam {tce of the dam}, it is
important to determine the maximum probable water
levels at this location. The maximum water level
should include the above increase in the water level,
plus the velecity head, which in this case is V2/2g or

52710.6 (1.28 m).

As a result of the above studies, the water levels at

the toe of the dam are as shown below:

.Spillway
Discharge Water Level
(malsec) (meters)
6,600 EL.497.5 + 0.613 + 1,28 = 499,393 n
or, ¥ 500.0 m
2,602 BL.A4092.5 + 0.613 + 1.28 = 494.393 m

‘or, = 495 m

Size of Rock for the Proposed Rockfill Protection

of Dam Toe

The size of the rock for the rockfill to be used for
protection of the dam toe at the location of the demolished
retaining wall, required to resist a velocity of 5 ln/séc,
shall be determined as follows:

vaol 1,213,172

b}



Where,

n = Assumed 0.05.

h = Average water depth at the retaining wall. Based
en the water level at the retaining wall as
determined by the model (EBL.500 m) and the
riverbed elevation at that 3locatiom (EL.492 m),
"W ig assumed equal to & meters.

Then,
; =-(V An )2 - (5 X 0.05)2 - 3.8572 x 10-3
h2l3 82/3

Tn order to use Iwagaki's formula, the value of U® must be

determined as follows:

U* = Jghi or,
U = Jg.S_x'B % 3.852 x 10 ° = 0.550 m/sec.

By using the Iwagaki formula U"A'C2 = 80.9d, the size of the

rock for the rockfill protection is determined:

Cwrc? | (0.550 x.100)°

= 30.9 - 30.9 = 0.374 = 0.5 m

d

"The rock size for the protection rockfill ‘can also be
obtained from the = Ishash formula. The formula was
established on the experimental basis to determine the size
of a rock of a rockfill. dike in a stream .which could

withstand various stream flow velocities.

The minimum velocity * required to move loose ‘rock in: a
‘stream can - be expressed, according to the W. -Airy's
formula, as: -

Vmin = EINJ D



Where,

Vﬁin = Minimum velocity required by the stream to move
: a rock of 'a specific size.

- QQAI A A
= Non-dimensional coefficient (0.86, according to
the Ishash experiment).
A1 = Specific gravity of the rock.
= Specific gravity of the water.
= Diameter of the rock
{(on the assumption that it has a spherical

shape).

When,

V.. =5mfsec, Al = 2.65 and A =.1.0,
min .

Then,

Hence,

£ 2

5
x:5.687 )

V.
mln)?. -~ ( -
E1N 0.86

D= ¢ = 1,045 (m)

Based on the above, it is determined that the size of the

-rock for the rockfill protection of the dam toe should be

between 0.5 to 1 meter.

9.3.4. Conclusions

The water level in the plunge pool at the location of the
damaged retaining wall_woﬁld be at EL.500.0 m at the time of
.spillﬁay' discharge of 6,600 'm3fsec. 'with_ the'=spillway gates
fully open, and the normal réséfvoir water level (NWL) at EL.575

m. The rock to be used for construction of —a protective



rockfill at the toe of the dam where the present, demolished
retaining wall is located, should have a size of 0.5 to 1.0
meter. The above is considered to provide adequate protection

for the downstream end of the dam. -
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10. Reservoir Sedimentation

The principal purpose of the studies presented in this Section is
to confirm the progress over the past' years of sediment inflow and
deposition in the ‘Binga reservoir and to forecast the future trends

of sedimentation.

Deposition of sediments in the upstream portions of the Binga
reservoir has resulted in increase of the level of the riverbed in
the area around the outlet of the Ambuklao tailrace, thus causing
problems for proper and unreStricted power generation of the
Ambuklao power plant. Study of the measures to remove the
sediments from this area by special discharging operations of the

Ambuklao spillway is also included in this Section.

10.1. Sedimentation Data

10.1.1. Cross Sections of the Reservoir

In the "past, a dépth survey of the Binga reserveir was made
three times in 1967, 1979 and 1986. Shown in Figs. 10.2(1)
‘through 10.2(8) are the cross sections of the reservoir based
on the 1986 survey along the measurement lines given in
FigllO.l. Shown in Fig.10.3 are the longitudinal profiles of
the reservoir bed based on the 1967, 1979 and 1986 surveys.

10.1.2. Sediment Properties

(1) Grain Size Distribution

'Samples were taken - ‘at nine locations, as shown in
Fig.10.4, to investigate the grain size distribution,
- specifie gravity and unit weight of the reservoir sediment

. materials.



10.1.3.

Shown in Figs.10.5(1) through 10.5(3) are the grain size
distriﬁution curves prepared on the basis of the results
. of the investigation. Two types of samples were collected
for this investigation. One type consisted of sediments
with gravel size greater than 100 mm, while the other type
comprised sands and gravels smaller than 100 mm. The

curves were based on the results of the studies of these

samples.

(2) Specific Gravity and Unit Weight

The specific gravity of the sample materials collected
from the sampling points were in the range of 2.66 to
2.83. The unit weight was in the range of 1.92 to 2.18
gfm3. Table 10.1 shows the specific gravity and unit

weight of the materials by sampling location.

Changes in the Reservoir Storage Capacity

Shown in Fig.10.6 are the Binga reservoir storage capacity
curves for ﬁhe years 1960, 1967, 1979 and 1986, prepared on the
basis  of the data given in the Binga Hydro Reservoir
Sedimentation, an information on Binga reservoeir sedimentation.

compiled by NPC.

Given below are the changes By year in the'gross, effective and

dead storage capacities of the reservoir and in sedimentation:

_ (106m3)
Gross Effective Dead
Storage Storage Storage
Year Capacity ~Capacity Capacity Sedimentation
1960 87.445 45,887 " 41.556 0
1967  81.889 44,070 37.819 " 5,554
1979 64,843 35.103 29.740 22.600

1986 56,119 16,173 19.946 31,324
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10.1.4.

The progress of sedimentation over the 26-year period from 1960
to 1986, giﬁen above, indicates that the annual average rate of
sediments (average sediment yield) and the specific sediment
rate {sediment yield rate) are 1,205 'x 10%°  and 4,897
mBIerka, respectively,

Shown in Fig.10.8 is the comparison of the Binga specific
sediment rate with those of other river basins. As shoun in
the above Figure, the Binga specific sediment rate is

comparatively smaller than that for the Ambuklao.

Sedimentation Trends

Shown in Fig.l0.7 is the progress of sedimentation and the
volume of sediments in the reservoir for the years 1967, 1979

and 1986.

The accumulated amount of sediments totals 11.8 x 10611'13 for the

period from 1967 to 1979, and 14.3 x 106ﬁ3 for the period from

-1979 to 1986.

Sedimentation delta in the reservoir has been created by
deposition of sands and gravels with a ceoarse grain size
greater than 0.1 to 0.2 mm. Thése sands and gravels were
produced .in the Binga drainage area, transported to the
reservoir, and deposited along the reservoir bed in accordance
with the size of the suspended'éédimemt and the velocities in
the reservoir. The size of the deposited sediments decreased
gradually toward the downstream end of the reservoir as
affected by the depth of the reservoir and the corresponding

velocities.

As shown in Fig,10.7, the sedimentation delta in the reservoir
consists of the topset beds, upstream of the peak of the delta
and the foreset beds, immediafély downstream of the peak

characterized by a steep gradient.



The sedimentation delta moves'downstream toward the dam with
‘passing of time. Downstream of the foreset beds of the
sedimentation delta, there are wash ioads with a grain size
" smaller than 0.1 mm. The deposits with a gentle gradient are
called bottomset beds, and the deposits ektending toward the
dam, created by movement of wash loads by density ciurrents, are

called density current beds.

Based on the formdation of the sedimentation as mentioned above
and . the change in  the sedimentation profile by year, the
accumulated amount of sediments can be divided into three

sections as-gi#en in the following tabulation.

-'(106m3
Period Period
1967 to 1979 1979 to 1986
_ Sand and "Sand and
. Reservoir Section Gravel Silt Gravel Silt
‘Upstream from 1.257 0.038

"the ‘Adonot River

Between the Adonot - 7.961 1.475
and Sadyo Rivers :

Downstream of . 1.102
the Sadyo River F

3.541  5.672

5.064

Total ' 11.8

14.3

10.2,  Forecast of Sédimentation:Progress

10.2.1. Calcuiatioﬁ Methods and:Fofmulae_

The calculation methods and formulae used for the forecast

were:?

(1) One—dimentional aﬁaiysisl of ﬁoveﬁent‘ of flows and

sediments in the reservoir.
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10.2.2.

(2) Non-uniform flow calculation method for the calculation,of

water flow rates.

(3) The Shinchara-Tsubaki's formula for the calculation of

sand flow rates of the bedload.

‘(4) 'The Lane-Kalinske's formula for the caleulation of sand

flow rates of the suspended load.

The wash loads were taken into consideration in applying the

continuity equation.

Verification of Caleulations

A bathymetric survey of the reservoir was actually made in both
years of 1979 ‘and 1986 as mentioned previdusly. The actual
progress of sedimentation over this seven-year period was
analyzed by simulation ‘to verify - the model wused for

calculations.

The comparison of the calculated results with the actual values

is shown in Fig.10.9. As is seen, a relatively satisfactory

reproduction . by simulation of the 1986 survey resulis, was

possible.

The assumptions used in the above calculations were described

below:

(1) Cross Sections of the Reservoir Bed during the

Initial Period (1979)

A. trapezoidal shape cross-sections of the reservoir bed
‘was' used for the model for tha calculations. There are 36
_cross-Sections~of:the downstream portions which covered
seven kilometers ~ length "of the reservoir. Their

characteristics are shown in Table 10,2,



(i1)

(iii)

Water Flow Regime

The flow regime for the year 1981 was used as the average
annual flow for the calculations, as the annual runoff for
this year is considered to be a mean of the seven-year

period from 1979 to 1986. The maximum daily flow rate for

. the year 1981, according to the Gumbel-Chow Method, is

equivalent to a flood with a 2.5-year return period. This
corresponds to the dominant discharge rate of a river that
has a dominant effect on the formation of the river
configuration which is equivalent to a flood with a return

period of 1.07 to 4.0 years.

A peak flood discharge of 1,544.4 m3fsec was used. This
was obtained from the relation between the average daily
inflow, 933.8 m3/sec as recorded in 1981, and the maximum

daily inflow, as shown in Table 10.3 and Fig.10.10.

The input data used in the calculations were only those
exceeding 100 m3/Sec (38 days in 1981). They were

indicated in two peak patterns as shown in Fig.10.11l.

The inflow data were divided into three rivers,. Sadyo,
Adonot and Agno, in proportion to the respective catchment
areas as given in Table 10.4. The same flow regime was:

repeated for every year considered.

Reservoir Water Level

The initial water level  each year-'conéidered in the
calculations was assumed to be at EL.555 ﬁ, taking into
consideration  the - Binga plant - operating -practice of
lowering  the reservoir level te¢ the Jlow water level

(L.W.L.) prior to the‘rainy Season.
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(iv)

(v)

The water level was determined on the basis of the
relation between the inflow and the amount of water

required for power generation (88 m3/sec).

In case when the water level exceeded the elevation of the
spillway crest, EL.563 m, the resulting water levels were
determined by considering the water discharges through the

spillway.

Grain Size Distribution

The grain size distribution in the recent sedimentation
deposits as given by Sample No.8 shown in Fig.10.5 was
applied to a séction of the reservoir between Cross
Sections 11 and 35, and that .of Sample No.9, to the
reservoir section between Cross Sectioné 0 and 10. The
distribﬁtion was recalculated after excluding silts (wash
loads) composed of grains with a size smaller than 0.061

mm, as shown in Table 10.5 and Fig.10.12.

Sediment Inflow

The annual average sediment inflow (sediment yield) of

2.0450 =x 106m3 over the period from 1979 to 1986 was

_applied as the input data for the calculation of the

annual sediment inflow. By size of grain, this was

divided‘as follows:

silt :1.5337 x 10%°/Year
Sand and gravel : 0.5113 x 10%n>/Year

The silt inflow was divided din proportion to the

- respective catchment - areas of Sadyo, ‘Adonot and Besal

rivers, On the other hand, only Adonot and Besal
catchmént areas comprised the sand and gravel inflows,

since Sadyo river mouth does not have any evidence of a



substantlal amount of deposition nor was there any such

inflow from the Ambuklao reservoir.

As a result, the sediment inflow from each river basin by
grain size is estimated to be as shown in the tabulation

‘given below:

River Catchment Silt Sand and
or Area _ Gravel
Reservoir (ka) (10m6m3/yr)' 10m6m3/yr)
Sadyo 2.5 0.0049 -
Adonot 69.0 0.1131 0.1449
Besal 174.5% 0.2851 ©  0.3664
Ambuklao | 690.0 1. 1306 -
Total 936.0 1.5337 . 0.5113

Note: The number marked with an asterisk includes a
‘combined catchment area of 27.5 km2 of other

than Sadyo;'AdOnoﬁ and Besal tributartes.

10.2.3. PFuture Sedimentation

(1) Anticipated Progress of the Reservoir Sedimentation

Shown in Fig.10.13 is thé"calculated gxpected.sedimenta—
tion in the reservoir for the period from 1986 to 2022.
- The changes to the reservoir storage capacity as affected
by the anticipated sedimentation increase during the. above
period ‘are shown in Table 10.6. These changes are also

graphically presented in Fig.10.14.

The rate of progress of sedimentation’ in the reservoir

until’ the year 2010 is eéstimated to be about - 200 m/year.



The rate of increase in the level of sediments in the
power intake area (Cross Section No.1) until the year 2015

" is estimated to be 0.8 m/year.

The -tabulation given below presents the changes, by
typical year, ‘in the gross, effective and dead storage

capacities of the reservoir and in the level of sediments.

Elevation of
_ Gross Effective Dead . Sediments at
Typical Storage  Storage Storage the Intake
Year Capacity Capatity . Capacity Structure

1% % Gobe’ (El.m)
1086 60.83 38.93 21.90 528.453
1090 - 55.00 37.03 17.97 531.355
2000 41.56  31.94 9.62 539.267
2010 28.65  26.58 2.07 547.804
2015 22.45 22.18 0.27  552.067

The . above calculations were based on the following

assumptions:

(i) Cross Sections of the Reservoir Bed during

the Initial Period (1986)

A trapezvidal sﬁapa was usad for the calculation
model; The number of Cross Sections of the
downstream portion of the réservoir used in the

“calculation was 36. Their characteristics are given

in Table Nos. 10.7(1) and 10.7(2).

(1i) QReservoir Water Level

¥or the puiposes of analysis, the initial reservoir
water level for 1986 was assumed to be at the minimum

reservoir operating water level (L.H;L.), EL.,555 m.



The initial water ievel for the 1987 and the years
thereafter was also assumed to be L.W.L. as long as
the reservoir hed level around the pover intake
{(Cross Section 1) remained below the intake level
(El..540 m). TFor cases when the reservoir bed around
the power intake reaches and exceeds the intake
level, the initial water level was assumed toiﬁe 15 m
(the difference between the reservoir L.W.L. and the
intake level, or EL.555 m - EL.540 m) above the
reservoir bed level at the intake, assumed to exist

in the year under consideration.

(i1ii) Sediment Inflow

The annual average sediment inflow (yield) of 1.3742
X 106m3_0ver the period from 1967 to 1986 was used as
the input data for the .caiculation of the annual
sediment inflow. By size of grain, this was divided

as follows:

5ilt : 0.7007 x 106m3/year
Sand and gravel : ©.6735 x 106m3/year

Division of the sediment inflow between the Sadyo,
Adonot, Besal and Agno Riveré, by grain size, was
made in accordance with the procedure described in

Section 10.2.2.(v).
{iv) ‘These calculatlons were based on the evaluation of
the water. flow regime and grain size distribution as

described in Section 10.2.2, above.

{2) Anticipated Progress of the Sed1mentat1on 1n the

Upstream Portlons of the Reservo1r

Shown in Fig. 10.15 is the antiCipated.'progress'of the



reservoir sedimentation at the tailrace outlet of the
Ambuklaoc powerplant located at the upstream end of the

reservoir.

The change in the level of the reservoir bed at the
Ambuklao tailrace outlet was determined on the basis of
the change in the level of the reservoir bed at the
location where the Adonot River enters the reservoir
(Cross Section 34). This can. be done on the assumption
that the grédient of the reservoir bed in the section
between this location and the Ambuklao tailrace outlet
remains unchanged from the conditions assumed in the
analysis {the yéar 1987 conditions). This means that the
gradient of the reservoir bed in this section has achieved
by now its state of equilibrium and that this equilibrium

will also be maintained in the future.

The possible effect on the water levels in the. Ambuklao
surge tank by further acéumulation of sedimentation on the
reservoir bed in the area around the Ambuklao tailréce
outlet is shown in Fig.10.16. It shows the relation
between the time required for sudden load increase from
startup to full load (For flows from 0 to 61.4 m3/sec) and
the increase or decrease in the water levels of the surge
tank -due to surges {the difference between the maximum
water level and the level of the valve chamber invert, or
the différence between the minimum water level and the

level of the orifice of the surge tank base).

As can be seen from the abové Figure, it is possible to
prevent the surging water inflow into the valve chamber by
‘maintaining the time fequired for sudden load increases (0
to 61.4'zn3/sec) over 100 seconds. This .can still be
:accompliéhed even when the reservoir bed immediately
downstream of the Ambuklao kailrace outlet would reach the

levels as anticipated for the year 2022.
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On the- other hand, it is possible to prevent air inflow
into the tailrace tunnel by maintaining the time required
for sudden load increase (0 to 61.4 _mzlsec) over 180

seconds for the present level of sedimentation (1987).

The minimum'opEning time for the Ambuklac turbine inlet
gates required to maintain the water level in the surge
tank ‘at levels lower than EL.604.0 m and higher ' than
EL.579.6 m, during sudden load increases, are given in the

tabulation below:

Year Hinimum Gate Cpening Time Surping Restriction
1987 19¢ sec. Downward surging
2000 170 ' - do -

2010 90 - - do -

2020 90 © Upward surging -

The change in the gate opening time is plotted - on

Fig.10.17.

The “input variables for the calculation of the above

relations were as follows:

- Water level at the tailrace outlet : EL.572.061 m
- Roughness coefficient for the tailrace tumnel: 0.013({(n)
- Total length of the tailrace tunnel: 2,201.035m( /)

- Turinel cross section: Circular with a diameter of -5 m.

Note: The water level at the tailrace outlet was obtained
| "by‘.n0n¥uniform-'flow calculation for the river
section between the upétream' end of the Binga
‘reservoir and the Ambuklao tailrace outlet. Thése
“caleulations were-pefforﬁéd for a discharge of Q =
61.4 m3/sec, corresponding to  three turbines
operating simultaneously at full gate opening. “The

installed capacity of the Ambuklao power plant " is 3



16.3,

units, 25 MW each. Manning's roughness coefficient
(n) at 0.030, and the Binga reservoir NWL at 575.0
m. Twenty seven cross sections along the reservoir

bed were used for the above calculations.

 On the basis of ‘the above calculations, the following

conclusions are made:

(i)} The year in which the sedimentation will reach the
power intake at EL.540 m would be 2000,

(ii) The year in which sands and gravels begin to enter

the power intake would be 2015.

(iii) The year in which the sedimentation could reach the

level of the spillway crest would be 2022.

(iv)  The'sedimentati0n at the Ambuklao tailrace outlet may
not: cause.any'surging'probléms, if the sudden load
increase is handled in a prudent manner, i.e., gate
opening time longer than 180 seconds for the present
level of sedimentation, and gate opening time longer
than 90 ‘seconds for the sedimentation level
anticipated to occur in 2020. The above turbine gate
operating requirements wiil kéep tﬁe operation of the

surge tank within accéptable limits.

‘Sedimentation at the Upstream Reaches of the Binga Reservoir

In this - section, countermeasures against the sediments
accumulated at the upper reaches of the " Binga reservoir,
particularly around the Ambuklao tailrace outlet, were studied

and compared as required. The sediments so accumulated raised

the elevation of the riverbed level,”thereby affecting the power

generation of the Binga plant. The countermeasures consist of

the f0l10wing'tw6 alternative methods:



~ Removal of the sediments by operating the Binga and the

Ambuklao reservoirs.

- Dredging of the sediments along the relevant river course,

10.3.1. Removal of the Sediments by the Reservoir Operations

{1} Cross Sections of the Upstream Reaches of the Reservoir

(2)

Shown in Figs. 10.19(1) to 10.19(7) are the cross sections
of the upstream portion of the Binga reserveir based on
the 1987 survey along ‘the measurement lines given in

Fig.10.18.

Method to Remove the Sediments by Reservoir Operation

Fldshing out of the sediments from the area immediately
downstream of the Ambuklaq tailrace outlet was studied by
simuléting the effects of the watef discharges through the
Ambuklao spillway on the.seﬂiments at the upstream end of

the reservoir (Cross Section T-31).

The results of the studies are shown in Figs.10.20 and
10.21. Fig.10.20 shows the change in the longitudinal
profiles of the reservoir bed. As is seen, the reservoir
bed upétream of the tailrace outlet is scoured off and the
sediments are moved downstream. Fig.10.21  shows the
change ﬁith time of the sediment depth in the area.around.
the tailface.outlet-byISCouring'(Cross Seciion'T-27). As
is seen, a discharge greater than 2,000 m3/sec would ‘scour
the reservoir sediment deposits-td.é greater depth. The

maximum scoured depth would amount to about 1.23 m,

Shown in Fig.10.22 is the change in.tﬁé scoured depth of

Vthe sediment-'deppsits around the tailrace 'Qutlet by

repeated (sequence of three times) spillway discharging
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operation. It can be seen from this Figure that the

scouring depth gets smaller with each subsequent operation

of the sbillway due to increased consolidation of the

reservoir sediments (increased resistance to erosion).

The following data and assumptions were used in making

these calculations:

(1)

(i)

{1i3)

Cross Sections of the Reservoir Bed

Reser%oir Cross Sections T-1 to T-31 for the
upstream portion of the reservoir, made by the 1987
survey, and Cross Sections 0 to 30 for the downstream
poftion, made by the 1986 survey and as sﬁown in
Fig.10.2, were used for the calculation model. Table
10.8 shows the main characteristics of each Cross

section.
Water Inflow

The water inflow at tﬁe upstream end of the reservoir
was calculated on the basis of a curve showing the
outflow rate {discharge per unit time) from the
Ambﬁk136 reservoir with all eighﬁ spillway gates
fully open and normal reservoir water lewvel {NWL) at

RL.752 m as shown in Fig.10,23.
The powerplant releases at 61.4 m3/sec. for all three °
units operating at full gate opening were also

considerad.

Reservoir Water Leﬁel

'The_initial water ievel at the downstream end of the

Binga reservoi¥ was assumed to be at the L.W.L., or

EL.555 m.



(3)

' The water level was determined on the basis of the
relation between the inflow and the amount of water

requirved for power production (88 m?/sgc at L.W.L.).

When the water level exceeded the level of the
spillway crest, EL.563 m, the COrrespoﬁding'reservoir
water levels were determined by considering the water

discharges through the spillway.

{iv) Crain Size Distribution

The grain size distribution of Sample Nos. 3, 5, 6, 8
and 9 shown in Fig.10.5 vere used as represeéentative

of the respective reservoir bed sections.

Conclusions

The sediments deposited in the upstream reaches of the
Binga reservoir can be"fiushed out by large amount
discharges through the Ambuklao spillway assuming that all
'eight spillway gates fﬁlly open and that at the start of
the operation the Ambuklac reserveir water level will be
.kept at NWL (EL.752 m), while the Binga reservoir water
level will be kept at L.W.L. (RL.555 m). Both reservoirs
will be operated in the above manner until the Ambuklao
reservoir water level is lowered to the spiliﬁay crest at

EL.740 m.

The resultant decrease in ‘the sediment 1e§e1"at the
Ambukiao tailrace outlet would be 1.23 m. The decrease in
the level of sediments would amount"to 2.1 m, if the same

spillway operation is'repeated three ﬁimes;
The total amount of water dlscharged through the splllway

from the Ambuklao regervo1r for thlS operat:on would be

about 70 'x 106m3 for each sequence of operation.
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10.3.2.

Dredging of the Sediments along the Relevant River Course

This method was studied for the Ambuklao tailrace sedimentation
problem, together with the method of the tailrace tumnel
extension, - in the Final Report of the Ambuklao Dam Rehabilita-
tion Project prepared by JICA in March, 1988. As a vesult of
the ~ economic comparisbn of both methods, this method was

adopted.

Prior te comparing the above dredging method with the method

of removing'the sediments by the Ambuklao reservoir operation
as studied hérein; the former method is outlined, from the

‘above Final Report, as follows:

1) The relevant river course for dredging is proposed for a
length of 1,500 m downstream of the outlet of the existing
tailrace tunnel, with a gradient of the dredging channel
to 1/1,130 or 1/1,675, dredging depth of 0.6 m to 1.0 m
and dredging width of 25 m to 100 m. Eight different
schemes were studied combining the above factors related

"to the dredging.

2)  The inc¢rease in power generation was obtained by seeking a
decrease in the tailrace outlet water ' level with
"non~uniform flow calculations applied to the above each

scheme.
1) The quantities’ of dredging for each scheme were estimated.
4)'_:Iﬁ'the result of the above procedure, the scheme . which

prodiiées the maximum increase in power generation per unit

- amount of dredging was deemed as optimum.

The scheme adopted as above has the following features:



Optimum Scheme

- Gradient of dredging channel : 1/1,675

-~ Dredging depth at the outlet of‘tailracé tﬁnnelf'l.o m
- Dredging width : 25 m

~ Quantities of dredging :.SA,GOO‘m3

- Tailrace outlet water level after dredging : EL.577.791 m
- Decrease in the tailrace outlet water level: 1.270 m

- Increase in power generation of the Ambuklac Plant: 0.88 X%

‘The increase in power gemeration is found about 0.9 7 against

the decrease of 1.27 m in the tailrace outlet water level.

10.4. Sedimentation in the Reservoir and ltsg Influence

on Power Generation

10.4.1,

Change in Power Generation of the Binga Plant

According to Progress of the Reservoir Sedimentation

Firstly, changes in annual power generation of the Binga Plant

are calculated accerding to the progress of the reservoir
sedimentation using the reservoir water level-storage capacity
éu;ve. worked out on the basis of the future -sedimentation
anticipated, as referred to in the foregoing section 10.2.3, up
to the year 2022. In general, once a pattern of the annual
inflow to the reservoir be fixgd, it is-ﬁossible to calculate
the annual power geﬁération based on the réservoir water level
- storage capacity. curve followiﬁg a certain rule of the
reservoir operation. Hence, in case -of changes in fhe
éffective stofage volume of the reservoir, it is also possible
to know a fluctuation of the annual power generation which is
obtained using thus changed water level-storage capacity curve

in obedience to the same rule of the reservoir operation.

As for Binga, the inflow to the reservoir is subjected to the

flow control at the Ambuklao reservoir just upstream thereof,



under which situation the inflow to the Ambuklao reservoir is
largely utilized for the power generation (61.4 m3/sec.). On
the other hand, the Binga reservoir effective storage capacity
is small as 39 x 106m3 equivalent "to five times the maximum
daily water volume used for the power generation (92 m3/sec.)
as of 1986, hence it is hard to get an effective answer in

terms of power generation on a monthly basis.

In view of the above, the annual power generation of the Binga
plant was sought on the basis of the annual inflow pattern iﬁ
1980 which was chosen as a typical pattern out of those in the
last ten years from 1977 to 1986. It was calculated on a daily
basis using the daily inflow consisting of the discharges from
the tailrace and from the spillway associated with the Ambuklao
Plant, and the inflow from the basin between the Ambuklac and
Binga dams. Besides, the reservoir operation rule set the
actual water volume used for the power generation as a target

water volume applied to the calculation.

The result of the calculation is shown in the following table

" where the decrease in power generdtion affected by the decrease

in the reservoir storage capacity due to sedimentation is not
so noticeable, and it has turned out that the power generation
in 2010 when the effective storage capacity would have come
down to 26.5 x 1061113 equivalent to 687 of 1986 indicated no
more than minus 0.6 Z compared with that in 1986. This reveals
that - the seasonal control of the river run-off is done at the
Ambuklao reservoir having a large storage capacity, thes Binga
plant makes use of this controlled run-off from the Ambuklao
just like a run-of-river type hydro powerstation and also that
the Binga reservoir plays a role of adjusting the discharge on
a weekly ‘or daily basis. Hence, it is concluded that decrease
in the effective storage capacity of the Binga reservoir due to
sedimentation will give no serious inflwence on the annual

power generation.



Progress of Sedimentation in the Reservoir and
Annual Power Generation

Reservoir Storage Capacity (106m3)3Annual'Generated Energy

Year Gross Effective (Ratio) GWh (Ratio)
1986  61.5 38.0 (100) 481 (100)
1990 55.0 37.0 {95) 481 {100)
2000  41.5 32.0 - (82) 480 (99.8)
2010 28,5 26.5 (68) 478 (99.4)

10.4.2. Loss and Increment of Generated Enerpy Incidental to

Implementation of Measures against Sedimentation at the

Upstream Reaches of the Reservoir

(1) Loss and Increment of Generated Energy Caused

by Flushing out the Sediments

The method of flushing out the sediments is intended to
recover the generation loss due to the raise of the river
bed level at the Ambuklac tailrace outlet. To implement
this method requires the Binga reservoir operation,
thereby the power generation of the plant is surely

affected so much.
Influence on the Ambuklac and the Binga plants given by

the water discharge from the Ambuklao spillway for removal

- of the sediments is envisaged as follows:

For the Ambuklao Plant

a) Loss: of generated energy due to. the dead disbharge'

from the spillway
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b)  Loss of generated energy due to drawdoun of the
reservoir water level by the discharge, that is loss

of the head.

c) Increment of  generated energy bwing to the recovery

of the head made by removal of the sediments.

For the Biﬁga ?lant

a) Loss of generated3energy due to- the dead discharge
from the Ambuklac Spiilway. '

b) Loss of generated energy resultant from decrease of
the effective storage capaéity caused by the removal

of sediments into the Binga reservoir.

. Thg loss .- and increment of generated energy as mentioned

 édee are caléﬁiated and shown in the foliowing table,
- The total loss for both power plants induced by the method
‘of flushing out the sediments amounts to 49.005 GWh and
the total incremest amcunts to 3.031 GWh, which makes the
balance 45.974  GWh of loss. This amount of loss
corresponds to 5.5% of the total annual power generation
of both power plants; 354.6 GWh + 481.1 GWh = 835,7 GWh.



Loss and Increment of Power Generation

Caused by Flushing out the Sediments

{cwn)
Cause of Loss/Increment Loss Increment Total
Dead discharge from 9 gg7 - A 27.607
the spillway : _
Loss of the head due i _
Ambuklao to the dead discharge 1.231 4.1.231
Plant Gain of the head owing
to flushing the - 3.031 +3.031
sediments
Sub-total 28.838 3.031 A 25.807
Dead discharge from ~ _
the Ambuklao spillway 20.167 A 26.167
Binga Decrease of the
Plant effective storage 0 - 0
capacity of the reservoir
Sub-total 20.167 - A 20.167
Total 49,005 3.031 A 45.974

The conditions and method used for the above calculations

~ are as below:

For the Ambuklao Plant.

Main wvalues used for the calculatien sarve

table below:

hown in the

n

Reservoir Water Reservoir'Stdrage Utiiity
Level (EL.m) Capacity (x106m3) Ratio (m3/kwh)
752 (H.W.L.) 216.7 2,442
740 (Invert of . 146.8 2.622
spillway)
Difference/average 69.9 2.532
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a)

b)

Loss of Power Gensration due to the Dead
Discharge (E1)

The discharge from the ﬁpillﬁay-is-effected by full
opening of the gates at H.W.L. of the Ambuklao
reservoir and continued until the water level has
reached L.W.L. The volume of such discharge was
obtained from the warer level-storage capacity curve
and proved to be 69.9 x 106m3.

The loss of power generation equivalent to the dead
discharge proved to be 27.607 GWh with the formula E1
= ¥/n applied giving n= 2.532 m /KWh for an average
utility ratio betweéen H.W.L: and L.W.L.

~Loss of Power Géneration due to Loss of the Head

Resultant from Decrease in the Reservoir Water

Level {E2)

i) During the water level being‘decreased (during

discharge)

Without th3'diSchargeL the plant is operable at
B.W.L. However, decrease in the réservoir water
level will reduce .an efficiency of power
generation. This reduction of efficiency
‘corresponds to loss of the power generation.
From the result of the hydraulic analysis on
‘removal of the sediments as referred to in the
foregoing 10.3.1, énd'assuming that transit time
from H.W.L. to L.W.L. (T) would be 12 hours, the
power generation expected at H.W.L. during the

transit time (81) is expressed;

el = (61:4 m'fsec. x T x 3600) / 2.442 =
1.086 GWh



ii)

Then, the actual power generation during the

transit time {(e2) is expressed;

e2 = (61.4 m/sec. .x T x 3600) / 2.532 =
1.048 GWh '

Hence, loss of power_generafion (A1) is;

Al = el - e2 = (0,038 GWh

" During the water level being recovered

The discharge from the spillway to remove the
sediments is to be effected in the month when
the river run-off reaches the maximum.
According to the inflow record of the : Ambuklao
reservoir for a périod.qf 17 yéar§.fr0m“1968 to
1984, the maximum 'monthly inflow is found in
August with the average inflow of 304.63 MCH or
113.736 m3/sec;

If the water level recovers ﬁp"to H.W.L. in

- parallel with the operation of “the . Ambuklao

Plant which regquires water of 61.4 m3/sec., the

time of recovery (T) is expressed;

T = 69.9 x 10° / (113.736 - 61.4)/ 3600 =
371.0 hrs.

The power generation  expected at H.W.L. during

the recovery time (el) is expressed;

el = (61.4 m /sec. x T x 3600) / 2.442 =

33.581 GWh



c)

Then, the actual power generation during the

recovery time (e2) is expressed;

(61.4 m /sec. x T x 3600)/2.532
12.3188 GWh

e

it

Hence, lass of power generation (a2) is;

A2 = el - e2 = 1,193 GWh
Consequently, total loss of power generation due
to decrease in the reservoir water level {E2) is
expressed;

E2 =A1 +A2 = 0,038 + 1.193 = 1.231 GWh

Increment of Power Generation Owing to Gain

of the Head {E3)

According to the result of the hydraulic analysis on
removal of the sediments as referred to in 10.3.1, a
gain of the head attributable to flushing the
sediments away at and around the outlet of the
tailrace tunnel was found 1.23 m for one discharge.

The increments of the plant output and anmual  power

-generation are shown as 0.695Z and 354.56 GWh

respectively in the Final Report of the Ambuklao Dam

Rehabilitation Project of March, 1988.

From the above, the increment of power generation due

"to gain of the head (E3) is expressed;

‘B3 = 354.56 GWh x 0.695 % x 1.23 = 3.031 GWh



For the Binga Plant

Main values used for the calculation are shown in the

table below:

Reservoir Water Reservoir Storage Utility
Level (EL.m) Capacity (x106m3 " Ratio (m3/KWh)
575 (H.W.L.) 60.7 2.742
" 563 (Invert of 33,9 3,000
Spillway)
375 to 563 (26.8) (2.871)

(Difference/average)
555 (L.¥W.L.) . 21.9 - 3,202

563 to 555 12.0

a) Loss of Power Generation due to

‘the Dead Discharge. (E1)

The discharge from the Ambuklao spillway is effected
at the time the Binga reservoir water level stands at
the lowest so as to éxpeat the most effectiveness 6f
removing the ' sedimeénts - downstream. Out of the
discharge from the Ambuklao amounting to 69.9 x
106m3, the Binga reservoir Can‘accommodaté 12 % 106m3
which represents the possible storage cépécity
between BL.363 m on the invert of the spillway and
EL.555 m, the lowest water level. Hence, ' the dead
discharge'from the Binga dam is 57.9 x 1C6m3 (69.9 -

12.0), and the loss of power generation (El) is

expressed;

Rl = 57.9 x 10%/2.871 = 20.167 Cuh
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b)' Loss of Power Generation due to Decrease in

the Binga Réservoir Storage Capacity

The anélysis of the riverbed movement at the dis-
charge for removing the sediments was carried out in
the foregoing section 10.2.3. Taking the result of
this analysis into account, the reservoir water level
and storage capacity before and after the discharge
in the year 1986 are correlated as shown in the
following table as well as for 1990 just for

comparison purpose.

: 'Changes in Effective Btorage Capacity of the
Binga Reservoir due to Removal of Sediments

'(x106m3
Reservoir . 1986
Water - Before After 1990
Level (m) Discharge Discharge :
H.W.L. 575  60.83 58.33 55.00
L.W.L.. 555 21.90 21.87 17.97
Effective
Stofage 38.93 36.46 37.03
Capacity ‘

From the above table, it is found ocut that the effective
sforage capacity. after the discharge for removing the

sediments approximates to that estimated for 1990. Taking

" into consideration thé outcome that there is no difference

‘in the annual power generation between 1986 and 1990
caused by the progress of sedimentation as referred to in
the = foregoing section 10.4.1,  a decrease in power

generation due to the discharge, if any, can be ignored

‘accordingly.

Increment of Generated Fnergy Owing to Dredging

The proposed dredging is put into effect in the dry season



not to hamper the operation of both the Ambuklao and the
Binga plants. Sihce'this nethod involves neither a dead
discharge nor a drawdown of the reservoir gafer level, ﬁo
loss of power generation is caused at all. ‘The increment
of power generation is shewn in the Final Report of the
Ambuklao'Dam-Rehabilitation'Prdject and is summarized as-

bleow:

354,56 GWh x 0.88 % = 3.120 GWh



“11. . PROPOSED REHABILITATTON PROGRAM







i1. Proposed Rehabilitation Program

11.1.

Rehabilitation Schemes

The proposed Binga dam rehabilitation Project consists of the

following three schemes:

- Dam Upstream Face Rehabilitation Scheme
- Dam Toe Protection Retaining Wall Rehabilitation Scheme

- Left Bank Excavatéed Slope Rehabilitation Scheme

As the result of the initial Field survey condacted by the JICA

study team, erosion on the foundation concrete at the downward

- eénd of the spillway apron had been found in progress to such a

" level that it requires some repairs. In this connection, NAPOCOR

has already finished the definite design, and is currently in the

11.1.1.

process of selecting a contractor for the repair works. Hence,

this repair scheme was not included here.
The details of the above each scheme are described below:

Dam Upstream Face Rehabilitation Scheme

' The cross-sectional survey of the dam embankment was conducted
“to study the stability. Comparison of the actual current cross
section of the dam with that at the completion of the dam
reveals that the former has been reduced, particularly for the
section of the upStreaﬁ upper slope of the dam corresponding to
EL.557 m to EL.586 -m. (The current slope is 1:1.30 while the
as-built slope was 1:1.35.) .

As the result of the analysis on the current dam stability
against sliding in both cases of the normal condition and the
earthquake effects included with the reservoir watexr level

varied among FWL, NWL and 1ML, it turned out that no problem of



the stability would be caused at the normal condition, but the
safety factor against sliding with regard to the small slide at
the upstream upper slope shows a value below 1.0 in the case of

the earthquake effects included at FWL.

In view of the above, it is proposed to fill rock materials on
the current upstream face slope between EL. 557 m and EL. 586 m
in order to increase- the dam stability at the earthquake as
well as to reinstate the slope damaged by wind and wave
actions. The gradient of the rock-filled slope as remedied
above shall be designed to-be 1:2.23 so that the safety factor
against slidipg at the earthquake may reach above 1.0 as
méntioned in the foregoing section 7. . Besides, the rock size
for the slope protection was calculated with the Hudson formmla
as shown below, thereby it proved to be 0.8 m in diameter

{weight: 0.7 ton).

Hudson Formula

Wr - H3

KD(Hr!W0—1)3Cot o

W

Where,

W i Weight of rock (ton)

Wr : Unit weight of rock (2.6 ton/ms)

Wo : TUnit weight of water (1.0 ton/m>)

a : Angle of slope against horizontal plane
(Cot a=2.23)

H : Wave height (1.7 m at fetch length of 1.4 km,
wind velocity of 50 m/sec.)

KD :  Constant 2 (2-5)

With the above conditions applied, W=0.699 ton and D=0.801 m

are obtained accordingly.



11.1.2,

"{d) Design quantities of rock materials: 50,500 m

The quantities of the proposed rock filling can be obtained
from the difference between the design cross section of the dam

and the actual measured section, thus showing 50,500 mj.

As a conclusion, this scheme is summarvized as follows:

(a) Area of Rock-filling ~ : EL.557 m to EL.586 n

(b) Finished slope gradient i1 s 2,23

{c) Rock materials : 0.8 m in diameter (W:700 kg)
3

Dam Toe Protection Retaining Wall Rehabilitation Scheme

The toe of the dam downstream slope lies near to the plunge

"pool into which the ' discharge from the spillway chute is

plunged, thereby causing the whirl water flow. With this
situation, the large discharge may possibly scour the toe

portion of the dam downstream slope. TFor this reason, the

“‘concrete retaining wall was constructed to protect the toe

portion after completion of the dam. However, the wall was

“scoured with its foundation and heavily damaged during the big

flood that occurred in June, 1976 equivalent to the maximum

flood inflow of 2,602 m3/sec. The wal.l was not repaired after

‘the incident. Since'June, 1976, no big floods as above have

ever occurred to date, thus the toe portion of the dam has been
prevented from scouring. In view of the dam safety control,

hbgever, the damaged wall should be urgently rehabilitated.

~In accordance with the original design drawings, the wall was

92 meters long and its top was at EL.496 meters. It was
designed to accommodate a flood with a water level at 494.0

meters. Presently, the wall is separated into three portions.

‘Approximately one third of the wall towards the left abutment

(spillway) has remained as originally constructed and is

‘situvated on ‘the bedrock, the one third middle portion is



inclined about 20° downstream and the remaining one third

toward the right abutment is as well inclined some 43°.

As measures for the rehabilitation of the wall, two schemes ave
considered, one is to construct a concrete wall of a.similar
design in replacement of the current damaged wall and the other
is to provide a rock dyke composed of appropriate size rock

particles.

The drilling investigations carried out’ at three locations
along the existing wall have indicated that bedrocks at these

locations were at EL.485.7 .m, EL.466.7 m and BL.465.7 n from
the left bank side.

The results of the hydraulic studies ‘for the plunge pool have
shown that the water leével of the plunge pool would rise to
EL.S00 m if the discharge of 6,600 m3/séc. from the spiliway is

made at the normal maximum reservoir water level of EL.575 m.

Hence, in view of the above, a rather deep excavation will have
‘to be made in ‘order to reach fhe-bedrdck for construction of
the wall, thus, resulting in 2 huge structure as tall as about
35 m. - Fufther,' a self-support ‘type concrete wall was alse
considered since the foundation need not réach'the bedrock.
However, once it has tufned over, -it would be very difficulf to

rehabilitate as reguired.

Taking all the above into account, it is concluded that the
rock dyké scheme is the most suitablg,for:the rehabilitation of
the wall. The advantage of this, is that, the'axisting'damagEd
‘wall can be used, as it is, as a part-of the rock dyke-and-that_
rock materials are .available in the -nearby' dam éite. in
addition, the rock dyke 'has superiority. in the following

aspebts:



11.1.3.

- The progress of scouring can be prevented by the ropks
rolling down to fill the scoured part on the toe of the dyke
since the rock dyke is abundant in flexibility as compared

with the concrete structures.

- Scouring of the dyke can be well prevented by using rock

'materials with an appropriate grading of rock sizes.

From the results of the topographic survey at the toe of the

dam downstream slope and the hydraulic analysis on the plunge

| pool, the main design characteristics of the proposed rock dyke

are determined as follows:

Main Design Characteristics of the Rock Dvke

Type : Dumped rockfill type
Gradient : EL.502 m to EL.493 m; 1 : 5.5

EL.493 m to bottom level; 1 : 2

(+EL. 485 m)

Grading of : Mean diameter; 0.5 m (weight = 200 kg)
rock sizes
Riprap material : H¥ax. 1.0 m in diameter {weight = 1.3 ton)
Quantities of ¢ 15,000 m3

rock materials

Left Bank Excavated Slope Rehabilitation Scheme

The open-cut slope was formed after excavating approximately
360 million cubic meters across the mountain ridge projecting
from the left bank in order to construct the spiliway. The

excavatéd debris was used for embankment materials of the dam.

The excavated slope presents a triangular appearance of 130 m
high and 500 m long ‘at the bottom, and consists of seven berms’
of 8.5 m wide and 20 n high each. The average slope of the cut

is approximately 60°.



From the geological point of view, this excavated slope
consists of metamorphic rocks which had originated from
andesitic and basaltic lava, and sedimentary rocks, such as

tuff and tuff breccia.

The stability analysis conducted for the excavated slope of the
spillway open cut excavation based on the actual profile
prepared this time has indicated that the slope is stable and

safe against sliding, as shown in the foregoing section 8.

The slope ‘as originally excavated was not provided with any
surface protection, as, apparently, at the time of
construction, and during the period of 30 yeérs since its
completion, more than 10 points of the slope have been
'subjected to damages and local failures mainly due to erosion
by rainfall. Hewever, as mehtionéd above, the slope as a whole
has not been affected, since most of the rocks where'the'slope

is formed, are hard and in a stable condition.

Consequently, it is proposed for ‘the repair works of the
excavated slope to remove the debris remained on the berms- and
also to prevent further progress of erosion oﬁ the slope
surface by rainfall. TFor implémenting the above propesal, a

shotereting method is recommended for the following reason:

- Te be superior in Shutt1ng out air and ralnfall which has a

b1g effect to prevent the slope from weathering.

- Shotcreting machines of a Simﬁle and small movable type are
suitable for an operation at narrow-aﬁd high places like this

opén~cut slope.

- The differerice in temperature througnout the year is mot

remarkable, thus, there is no fear of freez1ng



11.2.

11.2.1.

The damages and local failures of the slope which need
shotereting are located in fifteen different points as shown in

Fig.11.7.
The major design characteristics of shotereting are as follows:

" Design Characteristics of Shotcreting

(1) Kind of shotecreting ': Concrete spraying
(2) Thickness finished 15 em
(3) Mesh size : 50 mm - 100 mm

(4) Reinforcing bars : 10 mm in diameter,
: 50 em interval grid

(5) Anchor pins : 16 mm in diameter, .,
1 m long, 0.5 pes./m”

(6) Place of shotcreting : _15 points

(7) Area of shotcreting : 13,000 m2

Implementation Program

Dam Upstream Face Rehabilitation Scheme

Aquarry site of rock materials 'is pioposed at the left bank
upstream of the ex-quarry site of the existing dam. In this
connection, the detail ~geological investigations “including
drilling, seismic prospecting, test of rock materials and so
forth should be carried out before implementation of the

proposed scheme.

© The scheme will be ‘put ‘into effect initiated by pre-operation
‘arrangements of the proposed quarry, which include temporary
-facilities, clearing, stripping, benéhing and hauling  road.

" This ~“arrangements will take five months. Beside, it is

required to rehabilitate the old approach road to the ex-quarry
site which was located along the right bank upstream of the

dam.
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This can be achieved when the reservoir water level gets down

to L.W.L.

Collection of the rock materials will Be.effécted b& the short
bench cut method using a crawler drill. Heaping up and loading
of rocks are done with a 32 ton class bulldozer and a tracﬁor
shovel of 3 m3 capacity, respectively, and hauling of rocks is
done by a 11 ton class dump truck in view of the road

condition.

The rock-materiéls are hauled through the approach road on the

right bank of the dam te the point of filling. Thereafter,

those shall be placed uniformly and compacted by a 32 ton class
bulldozer starting at EL.SSS m.

The irregularities and unsuitable materials on the existing
surface of the rockfills shall be eliminated by a back-hoe of 1
m3 capacity or manpowér prior to the.prOposedirotk'filling.
The surface finish of the rock filling.shall-be made by either
a back-hoe or a 11 ton class truck crane, following -  the

- completion of the rock filling.

The top soil and debris stemmed from the quarry operation shall
be spoiled at the flat area on the right bank downstream of the
dam which is used as a spoil bank. . The spoil bank shall be

formed properly by a bulldozer and back-hoe.

The whole period of the proposed 50,500 m> rock filling works
at the dam upstream .slope is ‘estimated about twelve (12)
months. However, this péeriod is based on the condition that
the filling works could be finished'in one dry  season,: and the
reservoir water level be kept as low as EL.555 m throughout the

working period.

:'The above schedule is illustrated in Table 11.1.



11.2.2,

Dam Toe Protection Retaining Wall Scheme

The rock materials shall be available from the same guarry as
used for the rock filling on the dam .up.stre-am face slope
mentioned in (1) above. The rock materials collected by the
short bench cut method are bulldozed down along the bench slope
by a 31 ton class bulldozer, thereafter shall be subject to an
appropriate grading of rock sizes. The coarse rock materials
selected for the filling material shall be used for the

proposed construction work.

The proposéd construction of a rock dyke shall be commenced
ﬁit‘n mobilization of the construction equipment through the
access road located on the right bank of the dam downstream.
The construction eguipment consists of a 31 fon class bulldozer
and a back-hoe of 1 m3 capacity. Using these equipment; the
riverbed which forms a foundation of Lthe proposed rock dyke
shall be réar-rénged and cleared of any unsuitable materials,

following which treatment, void portions under the collapsed

'reta'ining wall shall ©be filled with rock materials.

Subseguently, filling for the rock dyke shall be commenced from

the downstream end of the dam.

Collection, hauling and filling of the rock materials, and
surface finish of the filling shall follow the same method as
applied to the rock filling on the dam upstream face slope.
The debris stemmed from the quarry operation shall be spoiled

at a specified spoil bank as well.

'The whole period of the proposed 15,000 m3 rock filling works

at the dam downstream slope is estimated épproximately seven
(7) months. However, this ‘p'eriod is based on the condition

that the’ filli.ng yorks could be finished in a dry season and

the discharge Ffrom the dam is minimal.
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11.2.3.

The above sqhedule is illustrated in Table 11.1.

Left Bank Excavated Slope Rehabilitation Scheme

(1)

(2)

Removal of Debris

The proposed repair works shall be set about just after

completion of the quarry operation on the left bank. An
access road to each berm of the excavated'slope from the
upstream end of the proposed guarry site shall be improved
properly. The debris deposited on the berm which stemmed
from local failure of the open-cut slope shall be removed
from the berm starting from the higher elevation. The
debris shall be scraped off by manpower and a small

back-hoe, then shall be loaded on a 8 ton dump truck by a

.small tractor shovel and hauled out.

The collapsed poftion of the berm shall be proﬁided with a
temporary pier to enable passage of a small shovel machine

or the like.

Shotcreting

Subsequent to the removal of the debris as mentioned in

(3) abbve, shetereting shall be commenced to protect the

slope. It shall be effected from higher portions to lower

poxtions, starting with eliminating rocks on the slope
which are'about to fall, followed by fixing wire nets on

the relevant area of the slope.

The sprayer with a capacity of 5 > per hour shall be used
for shotereting., The fine aggregate to be used for the

shoterete materials shall be puréhased aﬂd'dalivered to

the site. The stock facilities of the fine aggregate

shall be provided at the site as well as those of cement.
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