S APPENDIX 9

. RIVER AN SABO STUDY







1. STUDY ITEMS
The.following'14'bridges:were studied under this Appendix.
(1) Affected bridges (Phase TII, Group 2)

403,10 .Dolores Bridge
03,17 Sula Bridge
03.03 Bacong Bridge -
03.07 . San Roque Bridge
01.02  Maphilindo Bridge

(2)-Al£ernative‘8ridges (GrOup 2)

03.05 Dagat-Dagatan Bridge
- 03.02 Aeta-Kinarangan Bridge
04.12a Tumalim Bridge-

04.15a Kinalapan Bridge
04.03a Paurungan Bridege

03:8°  Apolio Bridge

(3) Affected Bridges (Phase I1T, Group 1)

'03.08 .Pias. Bridge
03,11 Pulo Bridge
03.18 Sindol Bridge

Out of the six alternative bridges under Group 2 as listed
above, . four. bridges, namely: 03.02 Aeta-Kinarangan, 04.12a
Tumalim, 04.15a Kinalapan and 04.03a Paﬁrungan, werée considered
to have no. effect of Mount Pinatubo eruption and only appear in
the desCriptidn-of river conditions: by bridge. Studies regard-
ing  the river An  Sabo were made for the other bridges as de-
scribed in the following part in accordance with the flow chart
illustrated in Figure=1. - As shown in the flow chart, the study
was made broadly on the following two aspects:

- Whether the bridge site will be affected by lahar or not;

-~ Whether the bridge site will be affected by ashfall origi-
nated sediment discharge



2. RIVER CONDITIONS BY BRIDGE SITE

Conditions of rivers and catchment basins which are~pfgreduisite
for the study are summarized in Table-1. Catchment basin'mdps.
by brldge in 1/50 000 topographical map- are presented in Figure~
2, and longitudinal profiles of the rivers, except those. in flow
lands, e.g., Maphilindo and San Roque, are depiqted.in‘Figuré¥3;

Major characteristics of the rivers and catchment: basins are
described hereunder. ' '

(1) Dolores Bridge: Gugu Creek

Gugu Creek is a small-scale river 1oca£ed-approximatély in
the center of the alluvial fan formed by the. Abacan and
Pasig-Potrero rivers both of whichgloriginate in - higher
elevations around Mount Pinatubo proper. - Gugu-:Creek. origi-
nate in the apex of the alluvial-fan;:_Theabafchménfzaféa 
of Gugu Creeék is 28.9'km2_at the~proposedhbridge:site;féhd
the river length at the same point is 19 km.: The catchment
basin forms a long and narrow shape along the river cdurse
with widths varying from 1-3 km. . The creek flows down in a
dissected channel on the alluvial fan with a gradient'of
about 1/60 in the riverbed and about 1/470 at the brldge
site.

{(2) Sula Bridge: Sula River

The Sula River is one of the left bank trlbutarles of the
Bulsa River, a northern tllbutary of the O'Donnell - River
which originates and .flows down 1n“the northern,slope of
Mount Pinatubo. The Bulsa River does:not=0figiﬁate-in
Mount Pinatubo proper but in Mount Gatas which is located
10 km north of Mount Pinatubo:  The Sula River flows: down
in a mountainous terrain . from west L0 .east with-a-gentlé
arc curve. The_catchment-forms-a'long=and%narrowr3hape
with river length and width of about 30 km and 3 km, re-
spectively. s o . R '

Catchment area at the proposed brldge site is 50, 8 km cand.
riverbed gradient is 1/10 and steeper: ih the. headwatexs and
about 1/20 at the proposed bridge site located at 500 m
upstream of the confluence to the Bulsa River. The Sula
River Basin is located at a distance of about 35 km'from



(4)

'-Mount“”Pinatﬁbo,- and ashfall depth .is 1 com and less ih

accordance with data of PHIVOLCS, - Ocular observation
dupihgg the field investigation revealed, however, more
thicker ashfall settling ‘especially in the Bulsa River

Basin. - ‘The field investigation also revealed a notable
- sediment deposition along the Bulsa River at the confluence

point of “the Sula River where  the riverbed gradient is

partially very gentle.

© Bacong Bridge: Pinulot River

The Pinulot River -flows in a mountainous. terrain in the
southfof M0unt-Pinatub0. " The catchment basin is divided
into ‘two:parts by National Road Route 7 which runs east and

west in' the groin of Bataan Peninsula. . The northern part
-of “the basin originates: in Bitnug mountains ‘and the south-

ern part originates in Mount Santa Rosa. - Both the northern

~and: southern  basins  consist of numerous long and slender
“sub-basins, and the Pinulot River has a comparatively large

catchment area of 122.8 km* in comparison to its river

"length of about .18 km. .Riverbed gradient in headwaters is
1/10" and steeper, and for the stretch from 8 km upstream

901nt of the proposed bridge site, where the river exits
the mountainous terrain to the  bridge site  and ‘at the
bridge site, gradiants are about 1/250 and 1/300, respec-

. tively. .The'Pinulot River Basin-falls in-distances from 25
“to 44 km with an average ashfall depth:is 10 cm correspond-

ing to about 12 million m3 in the whole catchment.

San Rogue Bridge: Hagonoy River

San'quue-Bridge.is proposed to cross the Hagonoy River.
The  Hagonoy River is° one of river mouth branches near

Manila Bay in the Pampanga River system. It is blanched
form the Pampanga River at Santa Lucia and has a catchment
area of approximately 20 kw®. It is, however, not clear

gsince rivers and drainage channels are complicatedly joined

"and blanched 1n the low~wet land. - Almost all water is the

one dlverted Ffrom’ the Pampanga River at Santa Lucia. The
rlver at the proposed bridge site is a tidal river flowing

in the low%wet land near Manila Bay and fish ponds extend

1nrthe‘surround1ng areas, No flood has been: reportedly

-observed in the Hagonoy river in accordance with interviews

to the local residents, but the area frequently suffers

93



(6)

(7)

‘area during field investigation.

from inundations due t0=high;tidé.,'Ashfall depth ‘in as-
asumed at about 2 cm by PHIVOLCS. :

Maphilindo Bridge: Basina River '

Maphilindo Bridge is loqated in low flatland near the river
mouth. as in the case of San Roque . Bridge, -The_Basina;Riﬁer
belongs to the Agno River system,énd,it is a blanch of the
Calmay River which flows in the east part of the Agno

River. The Basina River fTlows into the Agno River at 1 km

upstream the river mouth. The Calmay river is a downstreanm
part of the Camangbogan River, downstream name of the San
Juan River which heavily meanders in the wet and-flat land
of the former Agno River course. The Basina River blanches
from the Calmay River at about 10 km upstream. the 7rviver
mouth; & -large portion of the discharge:of‘the Calmay River
flows down the main course, and the discharge of the Basina
River is usually small.  The Basina River at the bridge

'site is a tidal river. The site is located at -about 100 km

north of Mount Pinatubo and a'slight ashfall'was-observed
during the eruption according to an interview, ~but no
deposit of ash has been presently observed in the area.

Dagat-Dagatan Bridge: Dagat-Dagatan River .

The Dagat-Dagatan River is a drainage channel-like -small

river flowing into a tributary of the Maasin River .in the

Pampanga River system. : Adjoining areag are almost flat
hiil areas and presently used as paddy Tields. Riverbed
gradient is gentle and ordinary flow is slow. .. The site is

located at a distance of 60 km north of Mount Pinatubo.
Although the PHIVOLCS data show an ashfall depth of less
than 1 em, no deposit of ash was observed in' the area
during field investigation. '

Aeta-Kinarangan Bridge: . Duate River

The Duate River is a mountain river in the east. slope of
Mount Mariveles located in the tip of Bataan Peninsula. It
flows in a steep valley with gravel riverbed finally into
Manila Bay at Barangay Limay. The catchment area of the
river at the proposed bridge site is about 12 km*, and
riverbed gradient is 1/50. Ashfall depth is less than 1 cm
according to PHIVOLCS data, but no ash was observed in the
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Tumalim-Bridge: Left Bank tributary of the Tumalim River

The Tumalim7riyérihas a catchment in the west side of the

. Taal Lake catchment dn Batangas Province and flows westward

into :South'-ChinanfSéaw. The river ‘which Tumalim Bridge

crosses: is a left bank small tributary of the Tumalim River
.with a catchment area of 1.5 km?.  Thé river flows in a

(9

15 m deep dissected -valley. No effect of Mount Pinatubo
eruption is conceived. :

‘Kinalapan bridge: Pingit River

The Pingit River is a blanch of_thé-SanVLuis River which
flows in Aurora Province to Baler bay in ‘the Pacific Ocean

'side of Luzon Island. It flows in low and flat land area
-near the river mouth and it is a tidal river. No effect of
- “Mount Pinatubo: eruption is conceived.

(10 -

(11}

Paurungan Bridge! Salawag River

The.SalaWagNRiVEr is  ohe of numerous rivers f{lowing into
Manila Bay in the northwestern slope of Taal Lake in Cavite
Province. - The proposed bridge site is just after the river
flows out from gentle hill areas to lowlands. No effect of
Mount Pinatubo eruption is anticipated.

Apolld Bridge: Orani River

'The Orani River originates in Mount Natib located in the
-northern part of Bataan Peninsula, and flows northeastward

to Pampanga Bay, a northernmost part of Manila Bay. The
river is one of numerous rivers which originate in Mount

“Natib.: It dissects a 700 m wide slender valley with a

1length of - abdut_ 20 km. Catchment area at the proposed

'-bfidge isJIS.B'km?;"Riverbed-gradient-is generally steep

throughout 1its length and it is 1/250 at the bridge site.

_The average ashfall. depth is 6 cm corresponding to 1.1

(12)

miilion:mg'in‘the'entire basin, ashfall deposit is, howev-
er, not so much according to field investigation.

Pias'Bridge: Tributary of the Cailano River

Pias Bridge is planned to cross a tributary of the Callano

River. The tributaryrflows'between the Pagig-Potrero and



Porac rivers on the alluvial fan in the southeast of Mountg -
Pinatubo. The site has not. yet been affected by lahar ag
of the present tinme. : :

{13) Pulo Bridgé: Tributary of the Gumain River .

The river which Pulo Bridge 'is planned'to cross is a left
bank tributary of the Gumain River flowing. te the latter at
just upstream the confluence to the Pasag River. . The
proposed bridge_site is an inundation prone area of the
Pasag River.. The sile has not yet been affected by lahar
as of the present time.

(14) Siﬂdol Bridge: Maloma River

The objective river is a branéh'of'the Mal0ma4Riverfwhi5h
flows in the western slope of Mount Pinatubo. ' The blanch
is located 500 m off the South China Sea coast and runs
almost parallel to the coast. It is an old . river course
and seems to be a 15 m wide narrow pond.and there is almost
no water flow. Adjoining areas.are covered by mud and sand
brought by lahar in the Maloma River, but the site has not
been affected due to minor topography. in the area.

3. STUDY ON EFFECT OF LAHAR

0Of the 14 bridge sites included in the study, no site has been
directly affected by lahar.. The Study~dngwhether the.site:has'a'
possibility of receiving effects of lahar has been conducted in
this section. ' : :

Definition of "lahar" has been first confirmed hereunder, Lahar
is a flowing fluid-sediment (volcanic ash) mixture which occurs
in active volcano areas. It has a hydraulic bore at :the tip.
Lahar velocities range from 10-15 m/s and thié'is tw0atb~severa1
times or the same to debris flow,. In some cases; there is no
bolder at a tip. Deposition conditioﬁwshOWS,sometimes'stfati—
fied and sometimes not stratified. 'It,depehdsfonﬁbulk déhsity,
discharge, materials included and slope of-thé'déposiﬁidn pdinﬁ.

A destructive power is coﬁcéntrated atrjthe-:hydraulic5‘bqre
section and tearing force of  the mud flow follows. -~ Flow 'is
relatively easy to divert. : 1t reaches to~gentlerfslopes:compar~



ing to debris flow: “Run-off rates ‘in the slopes covered by fresh
volcanic ash Jjust after the eruption are extremely large and
specific discharge 1in those areas sometimes exceed 100 times
those - in Ordinafy"mountains. - This 1is because_-?olcanic ash
covers the:'ground surface and water infiltration to the ground
is prevented. - ‘The  cover is mortar-like and consolidated and
hardly ércded‘-it~is,fhowever, very easy for side erosion once
it eroded. Typical Teatures of lahar and debris flow are com-
paled hereunder :

TiéKVelccity _ Bulk Den81tv Particle Size
s L wrs) (ke/%) | (mm)
Lahav .o ) 10 - 15 {1,800 -~ 2,500 0.02 - 10
Debris Flow - | - 3.- 6. .| 1,300 - 1,800 | -300 and over

As'describcd previocusly, rivers where lahar has already taken
place are those"having headwaters in Mount Pinatubo propef.
SoUrceiof lahar is pynoclastic'flow deposit which rest primarily
on the steep upper slopes of the volcano within an area of about
15 km dlameter “and ash particles settlings with a depth of 30 -
50 em or over in the same area.

Accordingly, if the. volcanlc activity is calmed down as it is,
there might be no p0581b111ty of lahar occurrence in their river
proper _for rivers which have not experienced lahar. It is
obvious referring to examples in the similar volcanoes in the
world. '

In this case,.even the four rivers which are located in rela-
tively1_closér; places to Mcﬁnt -Pinatubb; - Gugu Creek (Dolores
Bridge), the Sula Rivef.(Sula Bridge), the Pinulot River (Bacong
Bridge)_and_the,Orani River (Apollo Bridge) have no possibility
har occurrence in their. own catchment since they have no source
of lahar. B

Next a. predlctlon was made on how the present lahar will take
place'and affect whlch part of the area. Although estimates of
VO]ume of pvroclastlc flow dep031ts and ash particles settlings,
source of 1ahar haVe been .made in various methods, it is said
that the volume alreadv transported by lahar is only 10% or less
of the total source amount 1t is obvious that the source



materials will be carried down as forms of. lahar for the coming
vears,

A study was then- made on:the possibility of effeqt,by lahar;iﬁ

it continuously occur in .the lahar prone,riyers._'Thegsubjéct
bridge sites are Dolores Bridge and .three bridges under Group 1,
namely, Pias,. Pulo and Sindol. Other bridges will have no

effect of lahar.

Topographic map of the area including Dolores and Pias Bridge
sites is shown in Figure 4. As shown in the illustration, this
area 1s on the large alluvial fan from the Bamban River in the
north to the Porac River in the south. There are another two
rivers, namely; the Abacan and Pasig-Potrero rivers. Longitudi-
nal profiles of the. four -rivers are depicted in Figure 5.
Erosion and Deposition conditions of these rivers ‘confirmed
through field investigation are as follows: ' E '

The Bamban River

— 8an Francisco Bridge (Bridge for Route 329) o DepOSited'
- Bamban Bridge (Bridge for Route 3). ; BRI Deposited

The Abacan River

- Capaja Bridge (Bridge for North Super nghway) o "Deposited

- Pandan Bridge (Bridge for Route 313) ' : Dep081ted
~ Abacan Bridge (Bridge for Route 3} L ‘ :  Eroded
- Sapangbato Bridge (Back side of Clark Air Base) ! Eroded.

The Pasig-Potrero River
- Mancatian Bridge (Bridge'for Angeles—Porac Road): Eroded

The locations of these bridges are: shown in both fopOgraphiCdl
map and longitudinal profiles. The 1ong1tud1na1 profile ‘with
the eroded/deposited condition reveals that stretches with
riverbed slopes of steeper than 1/100 are eroded and the ones
with géntler slopes or the sane are depoaited Heav1ly eroded
Sapangbato sp]llway site on the Abacan Rlver‘ and Wancat1au
Brldge site on the Pasig-Potrero River’ have the rlverbed grad1~
ent of about 1/50. It is also observed that lahar flowed down
even to stretches with riverbed gradlent of | gentler than 1/500
in all rivers. : :



These are ‘two: modes of possibilities for the four rivers, which
have not directly affected as of now, in affecting the bridge
gites; ' '

(1) - Shifting of river:course at the apex of the alluvial fan

(2)

: RiVers‘in‘an’alluvial fan generally tend to shift their

course -at an apex. -Shifting of the. river course is of
discontinuity and:not transitional. Causes of shifting are

~determination: of flow. condition and direction in the up-
'-stfeam'portionwof the valley, decrease of capacity to carry
-sédimentsvat-the.outlet of. the valley and resultant deposi-
: ~tioﬁ_'0f"the sediments, . local obstacles as extira-large
_rocks.  Once the river course is shifted at an apex of the

alluvial fan,. the new river course tends to increase dis-
tance from the old river course. k

Over—banking,. dike break and river shifting at inter-

"section point

An inter—-section boint ie the point where riverbed eleva-
tion and ground surface elevation crosses as illustrated in
Figure '6. When the lahar passes the inter-section point,

“sediment deposition ocecur, and as the flow continues, the

elevation of the . dinter-section point increases. This
results in. over-banking . and. dike break and- if there is
roughness change in the riverbed, the river change its

course.,

ALLUVIAL FAN SURFACE.

INTER-SECTION POINT

LOBE BELOW THE
§_ INTER- SECTION POINT

. Figure 6 INTER-SECTION POINT

In:régard.to-the‘sites presently under study, it can be

said that the shifting at apex will not occur in the Pasig-

Potrero and Porac rivers since the river channel is deeply

dissected at the apex. This phenomenon may take place in
‘Sapang .Bayo Creek, a tributary of .the Abacan River consid-



ering the topography of thé area. The possible shifting is-
indicated in Figure 4. ' ' :

The river ,which has a high possibility of shifting at
inter-section point is the Pasig—~Potrero River. In acecord-
anee with the existing 1/50,000 topo-map, the Pasig-Potrerg
River assumably has an intersection point at an. elevation
of about EL 140 m. Filed investigation, hoWéver,:revealed
that this part of the riverbed was-deeply_erbded-by-lahar,
and in consideration of"mUdflow ~inundation; . the- inter-
- section point is presently.arduhd'elevation;go m;'iShifting
of the river course at this point is consumable (see-Figure
4). Although, it requires a detailed analysis ‘on . post
lahar topo-map to predict more reliably, it is recommended
that, as far as the river is 'conCernQd, construction of
Dolores and Pias (Group .1} bridges is to be avoided. -

Pulo  Bridge (Group ‘1) is in the area to be affected by

" mudfiow with possible shifting of the'Pasingotrefo.aﬁd/ar
Porac rivers and the degree of influence is smaller than
Pias Bridge. . '

Adjoining ‘areas of Sindol Bridge are covered by mud and
sand brought by lahai in the Maloma River, but the site has
not been affected due to minor -topography in the .area.
This condition will be maintained in the future. .

4, STUDY ON EFFECT OF ASHFALL SETTLING OVER THE RIVER BASIN

In the previous section,: four bridges, namely; Dolores, Pias,
Pulo and Sindol were concluded to have possibi1ities of heing
affected by lahar.  Study on effect of éshfallisettling'over.the
river basin has been conducted for the: remaining 6 bridges;
Sula, Bacong, San Roque,; maphilindo, Dagat-Dagatan and Apollo. .

Discharge mechanism of ashfall settling over the river basin is
as follows: ' : :

Production
Ashfall settling will be efodedj by rainfallr—and;“discharged

through creeks to the main river channel. Production refers to
sediment production in sabo engineering term. '
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- rransportation . -

Ashfall deposit discharged to the main river course will be
traﬂspartedﬂvby”-riven. diécharge to down stream portion.
Transportation refers to sediment transportation in sabo engi-
neering term. - '

Depogsition '

Of the transpbrted sediment from upstream portion to the subject
site, a part which exceeds possible transportation capacity at
the subject site will be deposited.

On the basis of the above discharge mechanism, study was made
firstly on whether ashfall settling oriented sediment production
will take place ‘or.not, or if sediment production will occur,
secondly, whether sediment will be'depositéd at bridge sites in
relation to poésible'transportation'capacity or not. It was
judged there will be no effect if sedimeﬁf;production will not
take place and if sediment deposition will not occur.

(1) Sedimeﬁt.Prbduction

Pfinéipalzparamétgrs.ﬁo detefﬁine_sediment production are:
- Catcﬁment afea

- Coverage and vegétation-céﬁdition of the basin

- Volume of ashfall settling {(Catchment area times average
Basin’s average surface gradient) '

0Of the six subject bridges, three bridges; namely, San Roque,
Maphilindo and Dagat-Dagatan, are considered to have negligibly
small sediment production consideéring the following facts:

- Volume of ashfall settling, source of production, is small.

- River basins ‘are low and flat land and. average surface gradi

ent ¢ : .
is extremely small.

11



Accordlngly, sediment production volume qis estimated for. the
remaining three bridges: Sula, bacong and Apollo bridges.

Various methods ;are proposéd for sediment production volume.
There is no established wmethod for volcanic ash areas. . For this -
study, annual specific sediment production is assumed by the
following formula referring to spedific sediment production
volume plot as shown in Figure 7. :

as = 60,000 % A9-7

where, qs: specific sediment production volume‘(m?’/yeav/kmz)

A: catchment area (km?)
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FIGURE 7 SPECIFIC SEDIMENT PRODUCTION VOLUME

Annual sediment production volumes for the subject. bridges with

their catchment and river channel ‘dimensions are presented in
Table 2. '
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Table 2. - ANNUAL SEDIMENT PRODUCTION VOLUME

Sula | Bacong | Apollo

Catchment Area L o km?® 50.8 122.8 |- 18,8
Specific: Sediment Productlon _ ' :

Volume = - | 1000 w3/y/ke® | 3,840 | 2,070 | 7,700
Annual Sediment Production , o S
Volume ' : : km . 195.1 |+ 254.2 144.8

(2) Sediment Transportation

Sedlment transportatlon volume in the river channel was estimat-
ed by Brown s Formula- Assumption was made’ that dlsoharge with
5% and 10% dependablllfv, in annual discharge duration would
transpdrt' sedlment since sediment transpoftation is mainly
controlled by flood water. ’Actual calculation flow is presented
hereunder, '

River discharge is firstly estimated from the specific discharge
for 5% and 10% dependability of 0.2963 mS/s/Km® and 0.1481
m3/s/km2, ~respectively (source: River Dredging. 11 Project
Report,rDPWH).'-ThiS'river discharge was then'bOnverted to water
depth apblyihg Manning's Formula and assuming the channel as
wide and shallow. ' '

Q=A% (l/n) R2/3.x 11/2

: dlscharge (mg/s)
water flow area, B x H (m?)
wvater flow Width (m)
water flow depth (m)
hydraulic radius, A/P (m)
wetted: perimeter. (m)

:- . energy gradient

where,

- W oW bif

If'the_chanhél-ig:a wide-and.shallow one, P can be considered
equals to B and the above formula can be expressed as follows:

Q =B X h'x.(i/n) x_h2/3 x 1172
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Accordingly, h is expressed as a function of Qias.follows:“.V-

h = { (Q xn) / (B x 1172y 0.6
lUsing the oalculéted water flow depth (h) and energy. gradieht
{I), shear velocity (u*) can be calculated by the"fdllbwiug

formula:

ut = (g x h x 1)1/2

* , . . o,
where, u : shear velocity (friction velocity)
g : acceleration due to gravity

I : energy gradient

Brown's formula to calculate sediment transportation volume: is

expressed as follows:
aB/(u¥ x d) = 10 { uM%/(8/P ~1)/8/d }?

where, qB: sediment transportation volume per unit width and
unit time : :
u': shear velocity - . .
d : average particle size of riverbed material
S/p: specific weight of riverbed material. particle
g : acceleration due to gravity

Average particle size of riverbed material was assumed to be 0.3
mm. Once sediment transportation volume per unit width and unit
time is ecalculated, possible annual sediment transportation
volume can be calculated as follows: ' :

Qs = (gB5 x 0.05 + gB10 x 0.10) x 86400 x 360 x W

where, Qs : possible annual sediment transpdrtatidn volume
gB5 : sediment transportation volume per unit width
and unit time by 10% dependablé discharge
pbl0: sediment transportatioh-volﬁme-perfunit,width’ .
and unit time by 10% dependable discharge - '
W : river width

Calculation for the three bridges are as shown'in the following
table: :
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CALCULATION OF

Table: 3- POSSIBLE ANNUAL SEDIMENT TRANSPORTATION
vt VOLUME- '
—

o Sula Bacong | Apollo
Catchment area km?® 50.8 | 122.8 18.8
Annual  sediment production vol. 1000 m3| 195.1 { 264.2 | 144.8
Effective river. width m 30.0 { ~ 40.0 20.0
Fnergy" Gradient. = “m /120§~ 1/300 1/250
Manning/s roughness coefflclent ; 0.035 { 0.035 0.035
Annual 5% dependable: dlscha[ge "m3/s 15.2-1 36.8 5.8

Flow depth m 0.374 { 0.704 | 0.327
Shear. veloc1tv . 0.17% 0.152 0.113
“Sediment transp. volume per unit ' 3/s/m 0.0253°1 0.0125 [0.00284
Annual 10% dependable discharge /s 7.6 18.4 2.8
Flaw depth m 0. 247 0.465 0.216

~ Shear: velocity . . Lo “0.142 1 0.123 0.092

" Sediment transp. volume per unit m/s/m 0.00891 {0.00434° |0.00102
Annual possible sediment transp. vol.| 1000 m2| 2,040 1,336 154

Conélusiob

(3)

Ag discuséed

'ﬁnder sediment produétion,
and Dagat-Dagatan bridges are considered

San Roqﬁe,
not to be affected by

maphilindo

ashfall settling in the basin since only negligibly small sedi-
ment pfqdﬁctiohfis-assumed at these bridge sites.

With regard -to the three bridges, namely, Sula, 'Bacong and
Apoilo, annual poéSible sediment transportation volume is larger
than'anhual'sedimént.prOduétion volume as shown in Table~3, no
sedimeﬁt_willibe.deposited at bridge site. For safety consider-
atioh, however, Apbllo Bridge which has no sufficient surplus
between thé transportation capacity of 154,000 m3 and the pro-
duction volume of 144,800 m3 applopliate measuies e.g,
ization at brldge site will be preferablv considered.

channel -

RegafdinggSula Bridge, it should be noted that there is a tend-
ency of riverbed elevation raising for the following reason.
The Sula River is a tributary of the Bulsa River which origi-
nates in Mount Gates, 10 km north o Mount Pinatubo. Field
investigation revealed that there ashfall oriented

sediment deposition on the Bulsa River the confluence of the
" Sula River. Since this part has locally very gentle riverbed
gradient, this will most probably triggers backsand in the Sula

are much

at
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River and resultant riverbed and water surface elevation raising
at the proposed bridge site located 500 m upstream portion of
the junction. '

Table 1 "FEATURES OF RIVERS BY BRIDGE

S _ . ' ' SRR Dﬁé&t“ N :
Name of Bridge |Dolores| Sulal Bacong|San Roque|Maphilindo|DagataniApollo
Bridge Number | 03.10 |03.17| 03.03 | o03.07 |.  01.02 | 03.05. |
Name of River | Gugu Sula Pinulot| Hagonoy | Basina Dagé£¥ . Qraﬁi

‘ Creek - {River{River River River Dagatan) River

Catchment Area | 28.9 [50.8 |122.8 [ - %1 | -1 | 4.53 | 18.8
(kn? ) - - |
Riverbed Slope | 17470 |1/120| 1/300.| >1/1000 | >1/1000 | 1/500 | 1/250
at Bridge ' . ) :
Effective 30 30 | 40 45 160 30 20
Riverbed Width
Basin's Ave. .
Ashfall Depth 13 1 10 2 0 1 6
(om) ; :
Basin’s- Ash - 3.8 0.5 -12.3 - - = - 211
Volume (cm) :

Note: *1:

g -

own catchment is not clear
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- Features of Rivers by Bridge
a. Name of Bridge
b. Name of River
¢, Feature of Rivers :
- Shape of catchment area
~ Catchment Area
~ Longitudinal profile
- Annual flow duration
- Riverbed slope at the bridge- slte
-~ (ross-section at the bridge site
~  Roughness coefficient at the bridge site
d. Ash Tall Depth and Volume

Yes

Possibility of Lahar Attack S ~
' i Magnitude of Effect
by Lahar

a. Is the bridge loecated in
the Lahar prone area? .

"b. Possibility of shifting |
the: river course of Lahar
producing river ' 1 Countermeasure

Give up construction
: o & select alternative
‘No : ' area

Ex1stence of sedlment (Ash)
: productlon

Is there volcanic ash oriented [No
sediment, production from No Effect
catchment hasin?

|_'Yes -

_Magnltude of Effect by Sedlment

‘(Ash) Discharge

la. Annual. sediment (ash) produc—
- tion volume in the catchment -

basin
b. Will . the annual p0551ble Yes
sediment (ash) discharge ; No Effect

~volume at the bridge site
exceed the annual sediment
production volume {In this
case, sediment will not be

deposited at the bridge site)

| Mo

Countermeasure -

Figure~1 Flow Chart for River hnd Sabo Study
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APPENDIX 10

COST SHOULDERED BY THE GOVERNMENT OF THE REPUBLIC OF TIX PHILIPPINES

(1)

Ié:éﬁbiéﬁffve_bridges for . Phase II1I,Group 2

The. scoﬁeibf undertaking of the Government of the Philippines
for the Group 2 'Bridge is as follows:

1)

2)

Scope ofiMajor Undertakings

a)

b)
c)

d)

e)

To ensure the exemption of custom duties, internal taxes
and other fiscal levies for'the supply of materials under
Japan s Grant Aid. :

To*acguiré:the right¥0f—way and to provide necessary land
area for the construction works. .

To demdlish'6b$tacles'including louses within the right-
of-way that affect the implementation of the Project.

To make_passable_all roads ‘and bridges leading to the

-project sites for the transportation of mnaterials and

equipment provide&'ﬁhder_Japan’s-Grant Aid.

To demolish obstacle existing bridges and relocation of
incidental facilities.

Land Acquisition and Obstacle Demolition

The acquisihioﬁ of right-of-way, the demolition of obstacles

including houses and the temporary provision of necessary
land area for construction works are shown in the following

~table,

10—1



Table 10-1 LAND ACQUISTTTON, HOUSE DEMOLTTTON AND
TEMPORARY LAND FOR CONSTRUCTION WORKS

- 15 (wooden)

: i |
_ _ Laﬂd Obstacle - The temporary prpvision -
Bridge No, Bridge Name | Acquisition Demolition - of néce;sary land area
(nd) for construction work ()
01. 02 Naphi 1 indo 4, 200 I (concrete) 1,120.5°
2 (wouoden) .
03.03 | Bacong 4,100 2 (concrete). [1205
7 (wooden) - - .
03. 07 San roque 2,500 0 1,120.5
03.13 ¥angkuyog 2,300 0 1,120, 5
C03.17 Sula 4, 000 0 1,120. 5
04.07a | Capagon 3,300 0 (concrete) 11205
1 (wooden)
D4. 20a Paragusan 2,100 0 (concrete) - : 1;120;5
3 (wooden)
04. 07b Tan-Agan | 2{4U0 0 (concrete) : 1;126;5:
04.10b-2 | Thatuba o.000 | U (concrete) 1,120.5
03, s Apallo 1,500 1 (concrete) 1.120.5
1 (wooden) :
: 4 (concrete) e
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Table 10~2 CONSTRUCTION COST BY THE GOVERNMENT
OF THE PHILIPPINES

Tten ' | Quantity - Unit cost Cost
o - {Pesos) (Pesos)
- Rehabilitation of .roads. _ 31k . 5 458, 000
- Leading to Project Sites '
| Re%:ab_il_i_tation of Bridges 19 bridges _ 136. 000
Leading to Project Sites o :
Road lainténance ' 920 Km 500 552, 000
Land Acquisition | 28,800 ot 60 1,798, 000
House Demolition | 19 houses 60, 000 1, 140, 000
Recessary Land Rental | 4y 905 3 15 168, 000
for Construction ¥orks
Total | | 7,182 000
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(1)

(2)

APPENDIX 11

RECOMMENDATION FOR PHASE 1II, GROUP 1

03:08  Pias Bridge

‘The tributary between the Pasig-Potrero and Porac river on

the alluvial fan does not originate in Mt. Pinatubo, but is
located on .the foot of Mt. Pinatubo. In the case of

- shifting the course to the direction of the: tributary,

there is a possibility to be affected by eruption of Mt.
Pinatubo, which will interrupt. the :progress of ' the
constrﬂction.Howéver,this hridge is very important for the
remove project of ADB. And DPWH desired to construct this
bridge.

For this reason,the study team recommends to construct the

bridge in consideration of the following.

Congtritetion of river bank protection of approach roads
Construction of stabile substructure
Maintenance of waterway of the river

03,11 Pulo Bridge

The clearance between the bottom of girder and riverbed was
not enough because of accumulation of mudflow. But con-
struction of the bridge perfectly was campleted exept the
construction of approach road. So, it is not adequate to
remove it to othef placé, As the result,it was recommended

_ to take some countermeasure as followings.

Removal of the accumulation on the riverbed
Construction of riverbank protection
"Reinforcement work for the approach road
.Maihtenance for the shifting of the water way in the
future ' '

11-1



(3)

03.18 Sindol Bridge

Now, the influence due to eruption of Mt.Pinatubo W&S not
observed. But in the. future,it may be“ébnsidéred that the
accumilation from the neighborhood will inflow to the site.
But construction of the new bridge was completed all most..
It is not adequate to remove ths bridge'td-other place. As
the result,the study team recommends the followibngs.

Reinforcement of the épproach road

Maintenance for the shifting of the river water way in
the future

11— 2
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