7.5 Rivers and Dams
7.5.1 Disaster Damage Conditions

Regarding the earthguake damages to the river facilities and
dams, we investigated the facilities mainly in the Agno river
system and the Pampanga river system. Figure 7.5.1 shows the
extent of damage and the main investigation sites.

The condition of the damage to the rivers and dams caused by
the earthquake, based on our own field investigation and on our
survey of concerned persons, as well as on the individual
investigations by the Agno and the Pampanga River Flood Control
System offices of DPWH, is displayed in Table 7.5.1.

7.5.2 Damage to Rivers

At the Agno river system, we observed damaged river facilities
on a wide scale; cracks at the crests of the earth dikes and
settlement and sliding of the dikes were marked; some of them had
collapsed. Furthermore, cracks and collapsing were observed at
the parapet levees and revetments,

In comparison, at the Pampanga river system, there were few
damaged sites; however, a collapse of the earth dike near Mt.

Arayat was particularly remarkable.

No remarkable damage was seen at the gates; the gates have been
operating smoothly.

The condition of the damages according to the field investigation
at each site were as follows.

(1) The Tarlac river, a branch of the Agno river (Paniqui site)
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(2)

(3)

Large cracks occurred at the crowns of earth dikes of 5 -
ém in height, and sliding collapses occurred. - The materials
of the earth dike were mainly composed of fine sands. Some
places were temporarily rehabilitated with sand-~bag piling.

The parapet revetments, made of plain concrete using
boulders, were such that the foundations were laid directly
on the natural ground; though these revetments were badly
damaged, the revetments in which foot protection on the
river frontage had been conducted by the placing of boulders
suffered little or no damage.

Furthermore, the No.6 water level gauging station on the
river bank was inclined, and the conduit pipes were
broken. (Figure 7.5.2, Photo. 7.5.1 to 7.5.5) |

The Agno river (Villasis to Bayambang sites)

Many cracks were observed at the crowns of earth dikes of 5
to 6m in height; some earth dikes sank about 1m as a whole,
or, some of the earth dikes slid and collapsed. Sliding
occurred in the direction in which the ground height, inside
or outside of the dike, was relatively lower. The main
materials of the earth dikes seemed to be silt.

Furthermore, the neighboring Calveo Bridge had collapsed on
the left bank, and big shearing cracks occurred at the
abutments on the right bank. Also, damage of cracks and
settlement was observed on the parapet levees stretching up
to the bridge. (Figure 7.5.3, Photo. 7.5.6 to 7.5.8)

The Agno river (Bayambang to Urbiztondo sites)
(No.11 in Table 7.5.1-I)

Several oblique cracks on the crowns of earth dikes of about

5m in height, and big collapses caused by sliding were

observed.
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(6)

According to a housewife who saw the collapse at its
actual Jlocation, serious Thorizontal shaking occurred,
cracks opened, and then the earth dikes slid.

Both sides of the earth dikes were marsh and; the ground
conditions were very bad. (Figure 7,5.4, Photo 7.5.9 to
7.5.11)

The rivers in Dagupan city
(No.24 in Table 7.5.1-I)

At Dagupan, where serious liquefaction occurred, the
parapet revetments in the city were badly damaged; some
revetments sank under the water surface (the opposite bank
in Photo 7.5.12); the parapet revetments which had the
concrete foundation piles of 30-foot in length anchored by
concrete blocks were damaged by liquefaction. (Photo
7.5.12, 7.5.13)

The Pampanga river (Apalit to Arayat sites)
(No.4 in Table 7.5.1-II)

- The steel sheet piles revetments (sheet length: 30 feet)

constructed at the position where the water rushes against
the banks had fallen down towards the river side.

The Pampanga river (Arayat to Cabiao sites)
(No.5 in Table 7.5.1-II)

At the position where the water rushes against the banks of
the Pampanga river near the foot of Mt. Arayat, cracking and
collapsing of the earth dikes occurred; as to the earth dike
damaged most severely, one~-third of its body remained and
was just before the complete collapse. At the upstream side
close to the damaged site, emergency dgroyne work was being
conducted; four  groynes, including the one under
construction, were expected in all.
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Though the height of the earth dike was about 6m, the foot
of the dike on the river side was supposed to be quite deep
due to scour. The material of the earth dike was silt.
~(Photo 7.5.14 to 7.5.16)

7.5.3 Damage to Dams

We investigated the following dams; the BAmbuklac Dam and the
Binga Dam of the Agno river system, and the Pantabangan Dam
complex (composed of the Pantabangan Dam, the Aya Dam and the
Masiway Dam) and the Angat Dam of the Pampanga river system.

The dams were badly damaged; cracking and settlement of the
crests of the dams and shallow sliding on the slopes of the dams
were observed mostly in the Ambuklao Dam, the Binga Dam and the
Masiway Dam.

However, since all the dams had become decrepit and maintenance
on them seemed not sufficient, lots of damages were also observed
which were unrelated to the earthguake.

Table 7.5.2 shows a list of the principal features relating to
the investigated dams. All the dams are fill-type dams; and,
except for the Masiway Dam which is a reregulating dam, they axe
all high dams above 100m.

Here the condition of the damage to each dam is described.
(Table 7.5.2)

(1) The Ambuklao Dam (Figure 7.5.5, 7.5.6)
(No.l to 6 in Table 7.5.1-I1I)

1) Though cracks had occurred at the crest of the dam.
However, we could not confirmed this, since the
rehabilitation of the crest by a bulldozer had been done
(Photo 7.5.17).
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6)

7)

8)

9)

Settlement of the crest of the dam was about 50cm, and

undulation of the crest caused by uneven settlement was
observed. (Photo 7.5.18, 7.5.19)

Some longitudinal cracks were observed on the upstream

slope, and shallow sliding had occurred. (Photo 7.5.20
to 7.5.22)

Openings in the expansion joints were observed on
parts of the separate walls between the £fill dam and the

spillway. (Photo 7.5.23)

The downstream slope of the dam seemed to be stable.
{Photo 7.5.24)

The spillway was not damaged.
Many landslides had occurred on both the cutting faces
of the left bank of the spillway and on the slopes on

the circumference of the dam. (Photo 7.5.25)

The transmission yard just under the dam was damaged

by sliding the slope behind. (Photo 7.5.26)

The change in seepage from the dam could not be
determined, since analysis was not completed.

The Binga Dam (Figure 7.5.7 to 7.5.8)
{No.l to 7 in Table 7.5.1~IV)

1)

Many deep longitudinal cracks, 10 to 20cm wide, occurred
at the crest. 1In particular, large cracks occurred from
the center to the left, mainly at the upstream side of
the c¢rest. And, at the top of the upstream and the
downstream slopes, longitudinal cracks occurred
throughout the whole length of the crest. (Photo 7.5.27
to 7.5.29)
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(3)

2)

3)

4)

8)

9)

10)

Some transverse cracks, 1 to 2cm wide, were observed a
little to the spillway side of the crest.

Settlement of the crest of the dam was not observed
apparently.

No damages were observed on the downstream slopes,
except for the small landslides around the

ex-construction road on the slope. (Photo 7.5,30)

The riprap of the upstream slope of the dam seemed to be

stable. (Photo 7.5.31)

No damages were observed in the spillway, except that
the No.2 gate which was not operational.

Many landslides were observed on the c¢circumference of
the reservoir, mainly around the 1left and right
abutments of the dam. However, the cut slope on the
left bank of the spillway had been damaged before 1988,
the year previous to the earthguake, as shown in Figure
7.5.9. (Photo 7.5.32, 7.5.33)

It is said that seepage from the dam has not changed
between before and after the earthquake.

It is said that the power generation facilities were
not damaged.

Figure 7.5.10 shows the results of a survey of a
section of the dam on February 1988, the year previous
to the earthquake; considerable settlement is observed
in the Figure.

Pantabangan Dams (Figure 7.5.11 to 7.5.14)
(No.1l to 10 in Table 7.5.1-V)

1)

Settlement of 0.2 to 0.5m was observed at the crest of
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2)

3)

4)

5)

6)

7}

10)

11)

the left bank side of the Pantabangan Dam. (Photo
7.5.34) '

The upstream and downstream slopes of the Pantabangan
Dam were stable. (Photo 7.5.35, 7.5.36)

Landslides occurred on the road to the Pantabangan Dam,

‘and the damaged portions were rehabilitated with wire

mats. (Photo 7.5.37)

The pressurized water from the intake tower was
leaking out from the wvacuum relief valves and flange
joints of wvacuum relief pipes in the gate chamber: the
volume of leakage was estimated to be 2m3 per minute.
(Phote 7.5.38, 7.5.39)

No " apparent damages were observed at the Aya Dam,

‘including the spillway. (Photo 7.5.40)

The Masiway Dam, which is the rerégulatiné dam for the
Pantabangan Dam, was badly damaged, even though the dam
height is as low as 24m.

Longitudinal cracks of a maximum of 2.5m deep occurred
at the crest of Masiway Dam, and some cracks had been

observed by digging the pits. (Photo 7.5.41, 7.5.42)

The crest of Masiway Dam sank about 0.5 to Ilm. (Photo
7.5.43) '

Some landslides occurred on the upstream and the
downstream slopes of the Masiway Dam, and the swelling.
of the slope was observed. (Photo 7.5.44, 7.5.45)

The spillway of the Masiway Dam was not damaged.

Some cracks were observed on the revetments on the right
side of the spillway. (Photo 7.5.46)

- 225 -



12)

13)

At the Masiway Dam, in addition to a concrete spillway
with gates, a spillway of earth dike, called Fuse Dike,
with a 5m lowered crest is installed on the léft bank
side; longitudinal cracks and settlement were observed
on the crest of the Fuse Dike, and landslides were
obsexved on the upstream slope of the Fuse Dike. (Photo
7.5.47) | |

The No.l diversion canal (near Rizal), which is an
irrigation canal downstream from the Pantabangan Dam,
the bridge across the canal, and the pavements on the
both sides of the bridge were badly damaged. (Figure

©7.5.16, Photo 7.5.48, 7.5.49)

Angat Dam (Figure 7.5.17, 7.5.18)
(No.1 to 4 in Table 7.5.1-VI)

1)

2)

4)

3)

Settlement and cracks were not observed on the ocrest
of the dam. (Photo 7.5.50)

The upstream and downstream slopes of the dam were not
damaged. (Photo 7.5.51)

Landslides were observed at the slope on the way to the
ex-batcher plant.

Though we could not investigate the site due to our time
schedule, it is reported that leakage from the penstock,
an increase in seepage from the auxiliary dam which is
3km east of the main dam, and landslides on the roads to

the auxiliary dam occurred.
The seismometer installed at the lower part of the Angat

Dam had been removed for repairs at the time of the
earthquake.
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7.5.4 Recommendations for Restoration

(1)

(2)

Temporary restoration of river facilities

1)

2)

For levees, after investigating the changes, such as
cracks, settlement and - landslides, temporary
restoration, as shown in Table 7.5.3, should be
conducted in accordance with the conditions of the
damage.

In all cases, sand-bag piling is an effective measure at
the temporary rehabilitation stage, and rapid
countermeasures should be considered.

Sand-bagq piling is also an effective measure for
damage to parapet levees.

For damage to revetments or to river banks directly
impacted by water flow, sand-bag piling should be
performed. For seriously scoured 'places, the use of
wire cylinders (gabions) or groyne work to change the
flow~direction should be considered.

Permanent rehabilitation of rivers

1)

2)

For levees, permanent restoration, as shown in Table
7.5.4, should be performed in accordance with the
conditions of the damage. The improvement
rehabilitation using revetments and cut-off sheet piles
should be considered, if necessary.

Parapet levees should be reconstructed, or, the repair

and reinforcement of damaged parts should be done.

Revetments and river banks directly impacted by water
flow should be reconstructed, or repaired and
reinforced, and additionally, foot protection work such
as dumping of boulders or concrete blocks in front of
revetments and river banks should be considered.
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(3}

(4)

Temporary restoration of dams

1)

3)

4)

The positions where .cracks occurred should be covered
with vinyl sheets or sand-bags in order to prevent the
seepage of the rain, and the location, width and depth
of the cracks should be confirmed by digging pits.

In this case, it is convenient for the investigation
if limewater is previously poured into the cracks.

To maintain the original height vis-a-vis settlement,
sand-bag piling or banking should be performed.

Positions of slope failure of dams should be
rehabilitated with sand-bags. If there is. a possibility
of promoting sliding, sand-bag piling or wire cylinders
(gabions) should be considered as toe weight,

Damaged riprap should be rehabilitated with sand-bag
piling.

In the cases where an increase of seepage is recognized,
the reservoir water-level should be lowered as much as

possible.

Permanent rehabilitation of dams

1)

2)

Since dams are important structures, the first thing
to do for their permanent rehabilitation 1is to
thoroughly grasp the condition of the damage.

That is, the deformations of dams and the change of the
amount of seepage from dams should be confirmed not only
by wisual observation but also by surveying and

measurement.
For cracks, damaged positions should be excavated as

in the case of river levees, then banking and compaction

should be redone.
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3)

4)

5)

6)

If the cracks reach as far as the core, the core of
those parts should be repaired,

To deal with settlement, after repairing the cracks,
banking should be done up to the original height.

If settlement extends as far as the core, the core
should also be restored up to the original height.

For collapse of the slopes of dams, the damaged
positions should be restored to the original shape by
banking, taking wunification with the remaining parts
into consideration.

In this case, the internal angle of friction and the
cohesion of the materials used for the dam embankment
should be tested. And, the stability of the dam
vis-a-vis sliding, giving consideration to seisnic
force, should be examined again. If there is any
unstability, the grade should be improved. -

Damaged xriprap should be replenished. The materials
of the riprap are seen as not being able to withstand

‘the erosion of waves, since the riprap is slightly

small. Therefore, larger materials should be used.

For the damaged slopes of reservoir circumferences,
particularly the cut slopes excavated for spillway
works, shotcreet (concrete spraying) should be
conducted, if necessary.

Others

For

temporary and permanent rehabilitation after river

disaster or for regular river works, since wire cylinders
(gabions) are very useful measures, their application should
be promoted.
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Further, since the degree of damage to dams depends upon
quality of the maintenance, a prudent policy should be
adopted for the maintenance of dams.
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Table 7.5.3 Methods used for temporary restoration of levees

Cracks are limited Fxecute sandfilling or sandbag

to crown of bank, plling at the damaged part to
prevent rainwater infiltration

into bank.

(1/2)
r— ' '
| Status of damage ] |
| ! Method of temporary |
| Schematic | restoration |
| sketch of State of damage | |
| damage | |
(pattern) | |
- |
|
|
|
|
-

Wash-out or collapse
of slope, or, occur-
rence of cracks/level
difference is limited
to top of slope.

Execute sandbag piling at the
collapsad part to prevent
rainwater infiltration into bank,
leakage through bank and

scouring of bank. Sometimes,
axecute cutback of collapsed
part, or rebanking to its
original shape uging collapsed
earth material.

:
P
’,
A
.
i

Execute sandbag piling at the
collapsed part to prevent
rainwater infiltration into bank,
leakage through bank and scouring
of bank and to secure the crown
height of bank. Sometimes,
execute cutback of collapsed part

Slide collapse of
bank, or, occurrence
of longitudinal
cracks or level

N

LN
T

center of crown of
bank.

shape using collapsed earth
material,

Transverse crack/
level difference
cccurs in bank.

Execute sandbag piling, sand
filling or cutback to prevent
ralnwater infiltration into bank,
leakage through bank and scouring
of bank and to secure the crown
height of bank.

Execute sandbag piling, cutback
or rebanking to prevent rainwater
infiltration into bank, leakage
through bank and scouring of
bank, to secure the crown height
of bank and to ensure the
gtability of bank. Sometimes,
execute driving the cut-off sheet
piles at the toe of the front
slope to prevent leakage through
the folundation ground.

Collapse extends to
foundation ground and
original shape of
bank is not kept at
all.

———— e ————

T
|
|
l
|
I
|
|
|
|
5
|
!
|
|
|
|
|
|
|
I
|
|
I
| difference extends
I
|
|
|
!
i
|
|
|
|
|
I
|
!
|
|
|
|
l
|
|
|
l
|
|
|

i
I
|
|
|
}
I
|
I
|
!
]
|
|
|
%
|
I
|
I
|
I
I or rebanking to its original
|
|
i
|
|
I
|
|
|
I
|
|
l
|
|
|
|
[
I
l
|
|

- 240 -



Table 7.5.3 Methods used for temporary restoration of levees

(2/2)

Status of damage

Method of temporary

Schematic : restoration

sketch of State of damage . '

damage

(pattern)
e Bank is deformed due Execute sandbag piling or rebank-
2 X to uniform settle- ing to secure the crown height of

ment., keeping its
shape to some extent.

bank and to prevent leakage
through bank.

Embankment f£ill
behind a structure
sinks or cracks.

Execute sandbag piling or rebank-
ing to prevent rainwater
infiltration into bank and
leakage through bank and to
secure the crown height of bank.

-
>
‘4

b

p
_ 2
]
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Table 7.5.4 Methods used for permanent rehabilitation of levees

Schematic sketch Method of permanent rehabilitation
of damage
{pattern)
Typical illustration
. Excavate, f£ill and compact the
éiii:iiii::l damaged part to ensure the Cutback
stability of bank against high ILW:L'
water, etc.
- Cut the slope in steps and
- rebank it to its original shape Cut hlﬂﬁePS,Cutbaék,
N using collapsed earth material, banking

to ensure the stability of

HW.L.
bank. ’

Cutback/
banking

Excavate, rebank and compact
the cracked or weakened portion
to ensure the stability of
bank. Construct the
counterweight £ill or improve

-V - - ————
-
o

i
|
|
|
i
|
|
|
i
|
|
|
|
|
|
|
|
|
|
|
|
|
|
i
|
|
|
|
|

e N the foundation, if necessary.
-

L
|
| s, 'Fill the deformed part to H.W.L. Banking
| # X ensure the stability of bank ==
| i against high water, ete,
|
L.
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Figure 7.5.15 Leakage from vacuum relief valve and pipe

Main irrigation channel of
the irrigation system of the
Pampanga River

No. 1 diversion
canal ]

Embankment was
damaged in this range

Bridge and road
were damaged.

Figure 7.5.16 No. 1 diversion canal
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General plan

Structures near the dam site

Plan of Angat Dam

Figure 7.5.17
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Figure 7.5
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7.5.5 Photographs of rivers and dams

photo 7.5.1 Damage to a levee of the Tarlac Photo 7.5.2 Damage to a parapet revetment of the
river Tarlac river

Phote 7.5.4 Parapet revetment with foot
protection (no damage)

Photo 7.5.3 Damage to a parapet revetment of
the Tarlac river

Photo 7.5.5 Damage to the No.b
water level gauging station
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Photo 7.5.9 Damage to a levee of the
Agno river

e

Photo 7.5,10 Damage to a levee of the Photo 7.5.11 Damage to the slope-face of a levee of
Agho river the Agno river
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Photo 7.5.12 Damage to a parapet revetment in Photo 7.5.13 Damage to a parapet revetment in
: Dagupan city (on the opposite bank) Dagupan city

Photo 7.5.14 Damage to a levee of the Pampanga Photo 7.5.15 Damage to a levee of the Pampanga
river river

Photo 7.5.16 Groyne work on the Pampanga
river (emergency rehabilitation)
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Photo 7.5.17 Repair of the crest of the Ambuklao Photo 7.5.18 Settlement of the crest of the Ambuklao
Dam (temporary rehabilitation) Dam (connecting part with the spiliway)

Photg 7.5,19 Differential settlement of the crest Photo 7.5.20 Conditions of the upstream slope-face
of the Ambuklao Dam of the Ambuklao Dam

Photo 7.5.21 Sliding of the riprap on the upstream
slope-face of the Ambuklac Dam

Photo 7.5.22 Siiding of the upstream
slope-face of the Ambuklao Dam




Photo 7.5.23 Damage to the retaining wall of Photo 7.5.24 Conditions of the downstream
the Ambuklao Dam slope~face of the Ambuklao Dam

Photo 7.5.26 Sliding of the cutting slope on Phote 7,5.26 S1iding near the transmission yard
the spillway of the Ambuklao Dam of the Ambuklac Dam

Photo 7.5.27 A general view of the Binga dam Photo 7.5.28 Cracks on the crest of the
Binga Dam
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Photo 7.5.29 Cracks on the slope-top of the crest Photo 7.5.30 Conditions of tha downstream
of the Binga Dam slope-face of the Binga Dam

Photo 7.6.31 Conditions of the upstream slope-face
of the Binga Dam

Photo 7.5.32 Collapse of the cutting
slape on the spillway of
the Binga Dam

fhoto 7.5,33 S1iding of the right bank abutment
of the Binga Dam
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Photo 7.5.34 Settlement of the crest of Photo 7.5.35 Conditions of the upstresm slope-face
the Pantabangan Dam of the Pantabangan Dam :

37 BETR A

Photo 7.5.36 Conditions of the downstream Photo 7.5.37 Temparary countermeasure wark on the
slope-face of the Pantabangan Dam s1iding on a road to Pantabangan Dam

Photo 7,5.38 Leakage from the vacuum relief
valves

Photo 7.5.3% Leakage from the flange jaints
of vacuum relief pipes
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Photo 7.5.40 Conditions of the upstream slope- Photo 7.5.41 Conditions of the crest of the
face of the Aya Dam Masiway Dam

Photo 7.5.42 Cracks on the crest of the
Masiway Dam

Photo 7.5.43 Settlement of the crest of
the Masiway Dam (connecting
parts with the spillway)

Photo 7.5.44 Sliding of the upstream slope-face
of the Masiway Dam

Photo 7.5.45 Conditions of the downstream slope-face
of the Masiway Dam



Photo 7.5.46 Cracks on the revetment of the Phato 7.5.47 Damage to the Fuse Dike of the
: Masiway Dam Masiway Dam

Phote 7.5.48 Damage to the Ho.l diversion canal Photo 7.5.49 Damage to the fo,1 diversion canal

Phato 7.5,50 A general view of the Angat Dam Phote 7.5.51 Conditions of the upstream slope-face
’ of the Angat Dam
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