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River Bed Profile of Sacobia River
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Figure G.8
River Bed Profile
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Maximum discharge = 1000m3/s
mesh size = 50m

Figure G.17
Flood and Mudflow Inundation in 1991

(Flow and Deposit)
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Figure G.I8

Flood and Mudflow Inundation in 1994
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Maximum diéc_hargc = b00m3/s
mesh size = 50m

(R e =y —— e -
O O N D O I P - '
-—t - ——t—t— g F—1fo
o0 .
raa - — 1 —f --1fs
. o -
it |8 ' : T - !
aEar 8 I I - N N bois "’_; - Ll Y
:* - ggg 8 *"la j I U — [y Q. D N
i - aon o .1t . i
. p = e - -1t
; ee a ~ "
: . {1 — e
- r
e e : o — -] o k. k2
a . |
TTETR TS ¥ £ T RRT L - 3
Maximum Deposit
S e - O —Fpat
| — L g = 1 — i1
. - w_| |l .
oo | - Y ,E . B Al
- &t 4 &4l bkl
: B 2 e . 7 i
Svan 3 - . - N F{_F‘F « Jh‘ # ‘i# & iy
230 -~ N - -- P %— 1l
*lova g {1 | 3 y, b
R e ]y 14| - - b
51 o B V. I P B 1 2% N - S i C . - |
- f OOy 0 LR T N o , - B
E W} 11 o ’é&l;.ﬂ_‘*r— LY A - e
"n © [ . -
: - N
« o B — - J‘k.!‘ﬂm =
IS
- — F--1— )
TR R RTETE R YTETEE OB B i E

Maximum Flow Depth

Figure G.19

Flood and Mudtiow Inundation in 1994
{Flow and Deposit)
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Probable Flood Hydroghaphs in Abacan River
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Figure (.23

Maximum Flow Depth on Topographic Map

due to 100-year Flood in Bamban River Basin

G-70



| ]
Wl . i‘

188 O P § . . ,

Eo'ﬂ p=q 5 LRI ] . . -

EIII 8 .‘ ..i-' &""l’_:_ii -t > >
Z:e88 |8 d Y O ] . .
""'_, ;00« i |: I::_'f:ﬁ , . .

E : | » .-m.'“?’

T an o i . » . .

i : - ) 1

Maximum Dcposit
Peak discharge (m3/s)
Maskup(170) MarimlatCauayang{360)
mesh size = 100m
.\ﬂ\.
1w

o4
"

xrmea00; 00 00
. L -l
jf
[
o
L)
=

E L3
z3588 - . -
§ 1oe- eliatfr” ] ] F [
P B Fl#
* L © - . i
Maximum Flow Depth
- Figure G.24 g,

THE GOGVERNMENT OF THE PHILIPPINES .
= . THE DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS
Maximum Flow Depth and Sediment Deposits  [TRE STUDY ON FLOOD AND MUDFLOW CONTROL
~ FOR SACOBIA-BAMBAN/ABACAN RIVER
DRAINING FROM MT.PINATUBO
JAPAN INFERNATIONAL COOPERATION AGENCY

due to 5-year Flood in Bamban River Basin

G-7t



fowmt

Q.5Q
1.90

t1ma = 00007 00

LEGEND
Mer.DsPagtt Thlcenruu(n)

Dasssd

_ g i e i e e n ——
o S RN Y — b
. . 4%
L] R e e T = Y e - — - = = e— = { ] . e
%‘i Saf S 5 F‘!‘Ew *4 r R i
" -
* L] - .
P T #“1;!‘11“.‘"5 e - s
., . -.. LR F "}' ]
1 — - It
% -:i I.hq!:.& . '
T B il
- a8 'l- - -
s | f
— 14—t — gt
e TR B g 3 8 3 2 k- -

Maximum Deposit

Peak discharge (m3/s)
Maskup(270) Marimta+Cauayang{580)

-mesh size = 100m

—
oc
o 2]
H o .
Lo =]
oS 8 " - =1
o = L.
“oo
s SoRo 8 - .
S o . ?' f -
o ol .
™ € tﬁ DY I i
; 4 |
.= =f - — e 4 | ___ w |11
e
. . . .
. ¥
. FRl Sl § T S R 3
a
. )
. 1 . 4
g g -3 4 3 i

Figure G.25

Maxiniu m Fiow Depth

FHE GOVERNMENT OF THE PHILIFPINES
THE DEPARTMENT OF PUBLIC WORKS AND HIGHWAYS

THE STUDY ON FLOOD AND MUDFLOW CONTROL.

Maximum Flow Depth and Sediment Deposils FOR SACOBIA-BAMBAN/ABACAN RIVER

due to 20-year Flood in Bamban River Basin

DRAINING FROM MT.PINATURQ

JAPAN INTERNATIONAL COOPERATION AGENCY

G-72




Figure G.26
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Maximum discharge = 490m3/s
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Figure G.40
{ Flood Flow in Sacobia Valley on DTM
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H.1 URGENT STRUCTURAL MFEASURES

1.1  SABO DAM (CHECK DAM}
(1) Overall Schematic Diagram

Afler the cruption of Mt. Pinatubo, ten (10) sabo dams in the Abacan River and two (2}
sabo dams in the Sacebia River were constructed for the period from November 1991 to
Junc 1993, The location map is shown in Figure H.1. Although the sabo dams were
built out of sand bags or gabions wilth the height of less than 10 m, the storage has a
relatively large sedimenit retention effect for the range from 350,000 m3 for No. 4 sabo
dam to 1,714,000 m3 for No. 9 sabo dam in the Abacan River.

{(2) AbacanRiver

Sabo dams (Nos. 1, 2 and 3) are located at the most upstream reach of the Abacan River.
The main dam body was built out of sand bags. Sabo dams (Nos. 1 and 2) have

“available storage although these are parlly damaged in the downstream reaches. While the

sabo dam No. 3 was atready buried with 1ahar and has no fonger a sediment retention
cffect. Dam bodies of the other sabo dams were buitt out of gabions and are organized
into main dam, apron and sub-dam. Gabion was covered with less durable wirc mesh
with a diameter of 3 mm. In the Abacan River, sabo dams with gabions (Nos. 4, 5,0, 9,
TR-1, TL-1 and TM-1) were damaged on sub-dam. The rchabilitation works were done
and these dams have available storage for sediment retention.

'{3) SacobiaRiver

Sabo dams (S-1 and §-2) in the Sacobia River were constructed for the périod from
November 1991 to March 1992. These dams had stored lahar of more than 10 million m?

in May 1992. However, during the rainy scason in 1992, these dams were washed owt

by tahar. There is no sabo dam in the Sacobia River since 1993
1.2 RIVER DIKE SYSTIM
OB * Abacan River

“The Abacan River preduced lahar and large volume of eroded sediment through the

Sapangbato River for the period of June to September 1991.  Sediment discharge
damaged all of the bridges across the river, and caused the lateral erosion of river bank

~ that has destroyed hundreds of houses in Barangay Sapangbato and in Aungcles City.
- However, no lahar has occurred alang the river ever since the piracy of the Sacobia River

had occurred at “Abacan Gap” in 1992,

The construction works of diking system in the Abacan River commenced in November
1991. ‘The river channel was confined with the dikes which were built of lahar materials
for the reach from sabo dam No. 9 down to the Ninoy Aquino Bridge. While, the new
river channel confined with dike was constructed in 1991 for the reach from the Ninoy
Aquino Bridge 1o the confluence of San Fernando and Bungang Guinto rivers where the
downstream end of the Abacan River is found. At the downstream end of ihe Abacan
River, the river width is gradually reduced from 70 m to 30 m which corresponds to the
width of the San Lorenzo Bridge at the starting point of the Bungang Guinto River. To
avoid vertical and lateral crosions of river channel in the vicinity of the Capaya Bridge at
Norih Super Highway, spur dikes were built with gabions al an interval of about 50 m.
In carly 1994, the breached dikes at several meandering potlions in the downstream reach
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are being rehabilitated. At present, the sediment will be transported gradually from the
upstream reach to the downstiream end of the nver.

(2

1)

2)

3)

4

Sacobia-Bamban River

Pre-cruption

The Tood protective dike with 1.5 m high was constructed in 1950's along the
downstream reach from Bamban to the confluence with the Rio Chico River.

LAHARIT (1991 Occurrence)

Dikes atong the Bamban River were first breached by latcral erosion or
overtopping by lahar immediately after the cruplion on June 15, 1991, and
continued to be breached until carly Scptember 1991,

The Sacobia River produced lahar flows 183 times for the period from July 17 to
September 4, 1991, Transient lakes emerged by the blockade of the Marimla
River and the other tnbutaries duc to the aggradation of the Sacobia River. On
August 21, 1991, one of the transient lake was breached and added to the lahar
that destroyed the Bamban bridge. As a result, the river channel of Sacobia-
Bamban River aggradated about 20 m in about two (2) months around the
conflucnce between Sacobia and Marimla rivers. The lahar deposit thickness
was 1.5 to 2.0 m on the average in the downstreamt reach of the San Francisco

“bridge.” At the downstream end of the Bamban River, the Rio Chico River was
- partly dammed by lahar deposition that backflooding and inundated at additional

10 km2 on September 10, 1591,

' LAHARII (1992 Occurrence)

Prior to the rainy season in 1992, the downstream reach of the Bamban River at
left bank and 3 km upstream of San Francisco Bridge at right bank down 10 the
confluence of the Rio Chico River was wholly confined by river dikes made of
lahar, The 1992 lahar extended with a thickness of 2.0 to 3.0 m to the right

bank between Bamban to Mabalacat-Concepcion Road. The additionat 20 km?2

- was affected by lahar deposition.

LAHAR HI (1993 Occurrence)

Prior to the rainy season in 1993, the dikes at right bank along the northern part
of the Clark Air Basc was constructed with concréte lacing 6 km {ong witha
height of about 5m. The upstream end of the dikes was anchored to the hill.

While in the left bank, the dikes of about 1.5 km long to the upsircam of
Bamban was reinforced by concrete facing.

On October 4 and 5, 1993, lahar deposits were evident from Macapagal village,
near the northern boundary of Clark Air Base, down to the Magalang-
Concepeion road. Most of these deposition arcas were previously affected in
1991 and 1992. However, a part of lahar deposition was extended 1o Sapang

- Balen village 2 to 3 m thick, and in-channel lahar deposition of 2.0 (0 2.5 m was

obscrved from Bamban to S'an Francisco bridge. The mudflow of about 200 m
upstream of San Francisco bridge outside the dike at right bank damaged some
porlions of the Concepcion-Magalang road. No significant lahar flow were
obscrved atong the downstream channel of San Francisco bridge. Desilling
operations were undertaken upstream and downstream of the San Francisco
bridge to increase the freeboard and prevent overtopping of the bridge by lahar

- during the next rainy season.




5y LAHARIV (1994 Occurreince)

In 1994, the sand pockel siructures of about 20 km? were constructed in the
middle reach of the Bamban River. Furthermore, the DPWH implemented the
construction of separation diking sysiem of about 5 m high between Bamban and
Sacobia rivers. The objective of separation dike is (i) to diversify the Sacobia
River which still contains much sediment into sand pocket area, (ii) 10 avoid
riverbed aggradation of the Bamban River at San Francisco Bridge where the
relatively clear water flows down from Sapang Cavayan and Marimla nivers.

Although about 10 mitlion m3 of sediment deposition was obscrved in the sand
- pocket area in 1994, the water collecting channels which are located in the

downstrcam reach of sand pocket arca were heavily silted. The flood water with

much sedimentation caused siltation in the downstream area of sand pocket.

1.2 SHORT AND MEDIUM TERM PLAN FOR SACOBIA-BAMBAN
RIVER SYSTEM

2.1  POSSIBLE STRUCTURAI. MEASURLS
(1) Scdiment Source Zone
1)  Revegelation

Seeding/planting of suitable vegetation on the pyroclastic flow deposit ficlds is -
one of the effective method not only toavoid an excessive sediment yield due to
sheet and gully/rill development but also o contribute the cnvironmental
conservation of mountain slopc.. The appropriate species for this purpose arc
characterized by robust perennial with vigorous rhizome and an extensive root
g‘ _ system. Since the pyroclastic flow deposit is seported to be as hot as 5000C

; cven in the year 2000, the revegetation would be effective when the pyroclastic
flow deposit fields become cool. The satellite images were analyzed in order to
evaluate the rate of spreading growth of plant in centrifugal patiern on the
pyroclastic flow deposit ficlds. - :

~2)  Simple Sabo Dam

A scries of small-scale sabo dam at downstréam end of tribitaries woukl be
‘effective in controlling the sediment yicld from tributarics in the pyroclastic flow
deposit fields. However, the construaction works of these structures may involve
some risks even in dry season, and the sediment control effect might be small
comparing with the volume of sccondary erosion in the middle stream of the
Sacobia River.

(2) Sediment Dcposiiion'!Sccomiary Erosion Zone
‘1) Sand Pocket

The construction of sand pocket siruciures was almost completed immcdiately
after the onset of rainy season in 1994. Although a part of sandbagging dike
system was washed out by flooding, the sand pockel slructures functioned well
to store the sediment inftow of 10 million m3. On the other hand, the incomplete
first (downstream end) row of lateral open dike, which was unable to construct
in 1994 since the rainy season in 1994 has begun earlier than usual, resulted 0
. the sittation of downstream channel of sand pocket structures. During flooding
1 in August to September, the flood water breached the dike near Navaling duc to
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2)

3)

4

insufficient flow capacity. About 110 ha of paddy ficld was affected by
siltation.

Through the obscrvation and monitoring carricd out by the Study Team in 994,
the following structures arc alsa required to ensurc the safety against
flood/mudflow:

a) Slope protection work of closing dike of sand pocket structures,

b) A series of lateral groundsill in sand pocket arca to trap a sediment,

¢) A sump to trap fine particles imnicdiately upstream of Roule 329, and

d) Channeling works and maintenance excavation of the Sapang Balen River
Sabo Dam

Although two (2) sabo dams were constructed in the Sacobia River for the

“period of November 1991 16 March 1992, these dams were completely washed

out by lahar in 1993. The reconstruction of sabo dam al Mactan may be
preferable 1o store the sediment. However, the storage capacily of the dam is

estimated at 100,000 m? which is equivalent to only 25 % of tolal sediment

~volume in the rainy season of 1995 in case of sabo dam with 10 m high as

shown in Figure H.2. The construclion cost is estimated at 33 million Pesos
which is not cconomically viable when it is compared with the cost of excavation
works in the downstream reaches.

. Consolidation Dam

A consolidation dam is effective in stabilizing in-channef deposition and also

control sediment discharge to the downstream reach. The most suitable site for

. consolidation dam is located in the vicinity of Maskup where the Sacobia River
© forms narrow river channel. At present, sediment deposition of 80 million m3

was stored in the spindle-shaped valley between Mactan and Maskup, and a
reimarkable sediment deposit will be eroded in the successive years. Therelore,
the consolidation dam at Maskup is inevitable as a part of the overall sediment

~ control syslcril ang restoration of Route 3 Highway between Mabalacat and

Bamban.  Furthermore, in order to construct a new bridge of the Route 3
Highway astride the river ch‘mncl, a consolidation dam at Dolores site is
essential. :

On the Olhér hand, a series of ¢onsolidation dams can be constructed so as o

stabilize accumulated sediment in the spindle-shaped valley. Although a series
of consolidation dams are effective against secondary crosion, lhe construction
cost may be costly.

Bed Girdle

A remarkable in-channcl deposition still remains in the upper reaches of the
Bamban River. The sccondary erosion and re-deposition witl occur repeatedly
in the lower reach of the Bamban River. A series of bed girdles is the one of
alternatives to regulate the - sccondary erosion of in-channel deposition. In 1994,
the most critical problems in the Bamban River was the diminishing of freeboard
at San Francisco Bridge. A series of groundsiil in the upper reaches of the

Bamban River would be effective in regulating the riverbed aggradation at San
Francisco Bridge.
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S)  Training Works

As far as the Sacobia River flows into the sand pocket area, water channcling in
the downstream reach from the sand pocket structures is required to cnsure the
safely for releasing flood water to the downstream reach.

On the other hand, the Sacobia River is expected to join with the Bamban River
when the river water of Sacobia River docs not contain much scdiment and sand
pocket structures had performed their role. Channeling works with protective
dike system along the Sacobia River will be required for the reach from Maskup
down to the confluence with the Bamban River.

6)  Channel Excavation Works

The riverbed tends to aggradate gradually in the sediment deposition/secondary
crosion zone as well as in the sediment conveyance zone. Annual excavation of
the river channel is required to maintain the riverbed clevation to equal or less
than the existing one.

(3) Sediment Conveyance Zone
1) Dike

Dike system in the lower reaches of the Bamban River for a stretch of 8 km from
the confluence of the Rio Chico River was constructed before the eruption. The
dike is made of clay soil with grass/shrub cover. On the other hand, in the upper
portion of the Bamban River, the old dike system was completely damaged
during iahar cvents in 1991, A newly-constructed dike made of sandy tahar
malerials always suffered from latesal crosion by flood water during rainy
season. Thus, the dike in the upper portion of the Bamban River shall be
-~ covered at feast with mountain soil for slope protection.

"~ 2)  SpurDike/Groin

A spur dike/groin is placed at approximately right angle 1o the bank to control
flow dircclion towards a center of the channcl. . A serics of spur dike/groin is

~ required to be placed at the meandering part to reduce the flow velocity along the
dike. : :

-3)  Channel Excavation

- Channel excavation is required to protect the dike system. Excavated materials
will be placed to the spoil banks which is tocated at the left bank of the lower
Bamban River.

“Table H.1 shows the summary of the cevaluation of possible structural nieasures.
2.2 ASSESSMENT OF PRESENT CONDITION OF RIVER BASIN
(D Present River System

A part of catchinent of the Sacobia River was annexed lo the Pasig River in Oclober
1993. In 1994, the Sacobia River diverges from the Sapang Cavayan and Marimla
rivers, and flows into the sand pocket. 1t joins with the Sapang Balen River al Route 329
in the downstream of sand pockel. The Sapang Balen River after joining with the
Sacobia River flows on a channe of 20 to 30 nt wide and 2 m deep for a strefch of about
10 km downstream from Route 329 to Barangay Baluty and diffuses ils water into the
San Antonio Swamp aleng the right bank of the Bamban River.



The present Bamban River which collects water from the Sapang Cavayan River

(a catchment area of 20.8 km2) and Marimla River (61.6 km?2), flows for about 25 km in
a channel of 200 10 300 m wide confined by dikes and emptics into the Rio Chico River.

Damming of the Sapang Cauayan River by aggradation of the Sacobia River has led to the
intermittent formation of lakes. The storage of the dammed lake is estimaled (o be
7 million m3 at Bt 90 m. A 50 m wide outlet channel is formed 2.2 km from the lake
to the confluence with the Marimla River.

2) chcmtimi Recovery in the Pyroclastic How Deposit Ficld

Landsat data shows that the presence of cloud cover in the Mt Pinatubo area is
considerably high throughout the year leaving only thirteen data sets are usable for the
study for the period from January 1991 to October 1994, Among these data scts there
was only two were with zero cloud cover. Comparing these available data with major
volcanic activities it the area, datasets shown in below were acquired for the Study.

Acquired satellite data and date of major volcanic aclivities

Year Landsat TM data Major Eruptions
1990 1990.01.20
1990.07.15
1991 June 12 - 17
1592 1992.02.11 Apr. 4
July 13
1992.10.08 Sep. 20-21
_ 1992.11.25 Nov. 20-24
1693 1993.02.13
1593.04.02 Qcl. 56
1993.12.30
1594 Nodata

Attempt was made (o investigate for any sign of re-growth in the vegetation cover in areas
where the pyroclastic flow deposits cover. The river drainages in the slope of
Mt. Pinatubo were subdivided into four zones considering the distribution of river
- network and the extent of lahar and pyroclastic flow deposit.” The subdivided arcas arc
shown in Figure 1{.3. Normalized Difference Vegetation Index (NDVI) was used as
interpretation key, which is one of the most popular index in the vegelation Lypc mapping,
vegetation stress evaluation, vegetation and non-vegetation mapping. -

To avoid the effect of seasonal changes, the NDVI interpretation was carried out wilh

datascls acquired duiing the same season of the difterent year. Comparison was done for
the time interval of November 1992 to December 1993 and Februvary 1992 to February
1993. Pyroclastic [low deposited arcas in February 1992 was extracted, and the NDVI
valucs of February 1993 was investigated to ideatily the arcas for increase in vegetation
cover during the time span of the two datasets.  Similarly, November 92 data was
compared with December 1993 to identify the areas of vegetation recovery.

" The cover classes establishied for NDVI representation are bare lands, grass lands, low-
~density forest and high-density forest. The increase in the amount of NDVI is
represented by the typical land cover classes in the Study Area as enumerated below.

Incecase of vegelation cover for grass and low densily lorest estimated by NBVI
for the period February, 92 to February, 1993 (Unitha)

North Bast South-West West

Grass 280 267 187 352
©% (5.7%) (3.8%) (2.3%)

Low-density forest 38 98 16 3
_High density forest 6 0 0 0
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Increase of vegetation cover for grass and low density forest cstimated by NDV
for the period November, 92 to December, 1993 (Unit:ha)

North ¥Fast Souli-West West

Grass 229 237 201 537
9%) (5.6%) %) {1%)

Low-densily forest 33 50 37 42
High density forest 0 0 0 0

The figures arc given for increase in vegetation for cach land cover class. Fucther, the
parenthesized values represent the percentage recovered with respect to the damaged area
in cach zone. The above result shows that the highest recovery is observed in the West
zone for both comparison and lcast recovery in the south-west direction. In gencral
terms, the percentage of recovery is higher in the eastern slope of the mountain than the
western slope. The re-growth of the vegetation in the castern slope is increasing at the
annual recovery rate of 5 to 6 %. Although the anuuval recovery fate of vegetation
continues generally to increase steadily in accordance with the stability of moumntain
stopes, il takes about 15 to 20 years to be recovered entirely by the vegetation in the
castern slope.

3) Present River Condition
T'he present Sacobia-Bamban River system creates the f ollowing situations:

1) The longitudinal profiles of the Bamban River surveyed in early 1994 as
iltustrated in Figuré H.4 shows the slopes of 1/800 to 17460 downstream, 1/370
to 1/260 midsiream aud 1/100 upsircam. The existing riverbed clevations are
higher than land-sidc ground levels.

2} The riverbed materials are made of lahars. Samples of lahar deposils obtained
by the Study Team in 1994 from the Sacobia-Bamban river basin shows that
lahar deposits consist of sand (80.4 - 95.49%), silt (0.6 - 10.6%) and clay (4.0 -
9.0%). - At the downstream of the Sacobia-Bamban River, the lahar deposils

are finer and also consist of silt {53.6%), sand {20.4%) and clay (26.0%).

3)  The coarsc sandy deposits in the upper reaches have a medium to fast hydraulic
. conductivity which ranges from 1.2 x 104 (0 6.5 x 102 cm/sec. Bulk density
varics from 0.98 g/em3 of the loosely-structured loamy sand to 1.83 glem? of

the compacted loamy sand by bulldozers. :

4y According to grain-size analyses carricd out by NIA in March 1992, and March
and December 1993, the riverbed in the Rio Chico River in March 1992 and
March 1993 has a lot of fine particles with a diameter less than 0.074 mm.
(4)  Existing Structures
Protection/rehabilitation works mainly including dikes with/without slope protection and . '

the sand pocket arc being done continwously. = As of the end of 1994, the following
facilitics have been construcied (refer to Figure H.5).

1) Sand pocket of 23 km?
2) Bamban River

Ieft and right dikes without slope protection downstream from the San
Francisco Bridge, 32 km long in total.

Left dikes with concrete facing slope protection from ihe San Francisco Bridge
to the confluence with the Sapang Cavayan River, 9.5 km long.
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Right dikes without stope protection from the San Francisco Bridge o the
Sapang Cauayan River, 10 km long.

3) SacobiaRiver

Right dikes with concrete facing slope protection along the northem part of Clark
Air Base, 6 km long.

The fottowing works are scheduled in the Bamban River in 1995:

1) Maintenance works of dike including mountain soil covering and gravel paved
road downstream from the San Francisco Bridge.

2) Slope protection works of dike downstream from the San Francisco Bridge.
3) Slope protection works of dike enclosing the sand pocket.
(3) Present Flow Capacity

The present flow capacity of the Bamban River was examined by means of non-uniform
ftow calculation using the cross sections of channel at an interval of 600 m surveyed in
carly 1994,

Figurc H.6 shows the present flow capacilies. These capacities are estimated at a level
with frecboard of 0.8 m or 1.0 m. The upper reaches of the Bamban River have the [Tow
capacity of more than 1,500 m3/s, while the lower reaches have the flow capacity of 500
to 1,000 m3/s laking into account the flood water level of the Rio Chico River.

2.3 " PRELIMINARY SCREENING OF STRUCTURAL MEASURIS
(1) Future Prospect and Basic Concept

[Lis expected that the amount of sediment to be delivered from the pyroclastic field would
be decreascd by 40-50% every year to a certain level of the pre-eruption condition in the
Sacobia river basin. There would be little chance that the Sacobia River would re-capture
the summit basin from the Pasig River within a decade, and a large part of pyroclastic
materials has been already croded in the valley of the Sacobia River and remaining
matcrials arc deposited mostly on terraces and hills with relatively genller topography.

in the Marimla and Sapang Cauayan river basins, pyroclastic materials are scarcely
remained and the river water contains a small proportion of sediment as the basins are
well covered by vegetation.

On thie other hand, there are about 110 million m3 of sediment deposits in the valley

upstream of the previous No, 3 Highway between Mactan and Dolores, 100 million m3 in
the right overbank area of the Bamban river between No. 3 and No. 329 Highway, and
25 million m3 in the Bamban River channel upstrcam of San Francisco bridge. These
sediment deposits would be re-croded by river water and rainfall and would be lurther
transported downstream.  Aithough lahars from the mountainous arca could be still
- significant during a next few years, the major problem of the Sacobia-Bamban river basin
would be the movement of sediment transported by flood waters.

Because the sitvation of the Sacobia-Bamban basin is changing every rainy season since
the eraption in 1991 and will not be stable for some more years, the plan should be based
on the present situation and future prospeet of the arca and should be flexible to the
changes of the natural conditions,




The most critical problem in the Bamban River at present is the safely of the San
Francisco Bridge. The clearance of the San Francisco Bridge is about 90 ¢cm on an
average at present. The flood flowing capacity of the river at the bridge would be about
250 m3/s which is equivalent to a moderate flood peak discharge of the Bamban River
alone (20 cm of allowance is taken for waves). If the flood runoff is blocked by the
bridge, there is a high risk that not only the bridge would be destroyed but also the
blocked flood water woutd overtop or breach the dikes just upstream of the bridge.

Although it is planned that a new bridge having enough clearance would be constructed
just upstream of the cxisting bridge and the existing one would be removed, the new
bridge would be serviceable in 1996, Thus, in the 1995 rainy scason at least 0.5 m of
dredging should be implemented in the 6 km reach between Malonzo to 3 km downstream

of the bridge(about 0.8 million m3 in volume), or riverbed consolidation works be
implemented to obtain necessary flood lMowing capacity.

There are a few alternatives for flood and mudflow protection in the Sacobia-Bamban
river basin (Ref.H.1), and the following four aiternatives were first examined for finding
appropriate dircction of the plan configuration.

1)  Casc-1: Noaclion

The present situation of the flood and mudflow would continue in the Sacobia
river and Bamban River and no countermeasure is taken,

2)  Case-2 : Todivert the Sacobia River to join with the Bamban River upstream of
" the San Francisco bridge immediately before onsct of 19935 rainy season

The idea does not consider any control structures but continuous dredging of the

Bamban River is proposed as the USACE’s excavalion alternative. Under the

present situation, the two routes of diversion of the Sacobia River can be
~planned as ilfustrated in Figure H.7. One is by setting of the confluence

upsiream of Malonzo, the othcr is between Malonzo and the San Francisco
- Bridge.

3) Case- 3 : To retain the Sacobia mudl‘low in the sand pocket on the ri ght bank of
‘the Bamban River and released excess water downstream

The Sacobia river water is immcdialcly drained into the Bamban river upstream

- of the San Francisco bridge by constructing high levees and a control structure to
regulate flood runoff and trap sediment. This is proposed by the USACE’s
levee allernative as shown in Figure H.Z : : _

~{2) Preliminary Scrcening Based on the Present Situation

These altematives are planned in the USACE study exccuted for the major study period of
1992 to 1993. After completion of the study, the situation of lahars in the Sacobia-
Bamban River drastically changed in the 1994 rainy season duc to 50% reduction of its
headwaters by river piracy. Thus, it is indisperisable that a ftood and mudfiow control

- plan shall be formulated in reconsideration of the updated situation.  The following
- “discusses the alternatives under the 1994 situation as summarized in Table H.2.

1} Case-1: Noaction

Itis expected that 7 million m3 of sedinment would be delivered from the Sacobia

valley (4 million m3 from the pyroclastic field and 3 million m3 eroded from the
Mactan-Maskup valley) to the right overbank area of the Bamban river in the

next rainy scason. Qut of 7 million m3 of sediment, a part of them would



2)

deposit in the sand pocket and some 1.6 miltion m3 would be further transported
downstream of the sand pocket, if no countermeasure is provided to prevent
movement of the sediment. 1t would accumulate 14 million m3 of sediment in
the low-lying arca below No. 329 Highway by year 2000. The area affected
would be some 4000 ha. The risk of floods would be extremely high because
the river channel would be completely silted up.

The riverbed in the middle and tower reaches of the Bamban River will tise by
some 1.2 meters in year 2000 duc to erosion of river bed malterials in the upper
reaches and a risk of breaching of dikes become high. I the levees along the
Bamban river would be breached, lood water would intrude into the overbank
arca along the Bamban river, about 10,000 ha in the left {north) side of the river
of 8,000 ha in the right {south) side arca would be alfected.

Case-2 : Immediate diversion of the Sacobia rver without sediment retention.

I the Sacobia river would be diverted (o join with the Bamban river, the average
annual maximum discharge would be 400 m3/s while a 10-year flood would

have 650 m3/s of peak discharge which requires 1.5 m of clearance of the San
Francisco bridge.

IT the Sacobia river directly joins with the Bamban river upstream of the San
Francisco bridge, it is assumed that most of the sediment of the Sacobia river
would be transported into the Bamban river and some 7 to 8 million m3 of
sediment would be accumulated in the river channel in 1995 and it would resull
in clevating the river bed by 1.2 1o 1.4 m on an average, although the amount

would be reduced o some 3 to 4 million m? in year 2000.

Thus, at least 4 inillion m? in total shoutd be removed in 1995 to obtain 1.5m of
clearance even il the dredging works are {imited to the arca near the bridge.  In
addition, the Sacobia river channel shall be confined by levees to maintain the
river course and thercfore there is a risk that the S'u.obn channcl is casily fxtlcd
up by even a single flood cvent.

[t is noted that there is an unccrtamly in the situation of sediment delivery in the

‘nex! rainy season, monitoring during rainy season is indispensable and
- ‘additional dredging work might be required in the rainy season although it is

very difficult and costly.

In 1996 and thereafter, 3 to 6 million m3 of sediment should be removed
annually for more than 10 years to maintain the river bed at present situation
which is alrcady about 2 meters higher than the pre-cruption condition.

Under such situation, it is not recommended to divert the Sacobia River o join
with the Bamban River without any sediment retention structures and the safety
of the arca along the river and bridge from flooding should not depend only on

- dredging works. 1t means that the sediment from the Sacobia River should be
‘stored or retained in the reaches of upstream of the San Francisco Bridge.

Casc-3 ; USACE’s levee alternative
The USACE’s levee alternative consists of

i} A levee on the right bank following the existing levee alignment crossing
No. 3 Highway in Mabalacatl and making long curve from 4 km
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downstream of the highway to a conlrol structure near San Francisco
bridge. The height is transitioning from 10 meters to 13 meters

ii) A levee 6 meters high transitioning to 13 meters high on the left bank of
the Sacobia river separaling the Sacobia from the Sapang Cauayan river
and Marimla siver. [twould begin at the sidge west of Dolores and end at
the control structure.

ii) A control structurc with a 200 meters wide spillway placed between the 13
meters high levees near the San Francisco bridge. It is planned that flood
runoff will be regulated by the controt structure which would create a pool
confined by 13 meters high levees and most of sediment would be trapped
in the pool.

Construction of levees and foundation treatment should be carefully carried out
because the pool would store more than 6 meter-decp water and the levees are
constructed on the lahar deposit arca. Lahar materials would not be appropriate
for such a water storing structure. :

Considering construction schedule, the completion of the struclures would not
be possible in 1995 may be in 1996 at the carliest. During one or (wo rainy
scasons of the construction period, the Sacobia river have to be diverted into the
Bamban river without any sediment reicntion or to flow dowa the right overbank
area and drain info the Sapang Balen River across the No. 329 Highway.

There is a risk that a high velocity flow released from the spillway of the control
structure into the Bamban river would disturb the Bamban runoff during
flooding times and cause adverse effects to the opposite side levees of the
Bamban River, and the San Francisco Bridge should have cnough clearance {or
the turbulent flow. Operation of the system is possible only after clevating the

* bridge and reinforcing the levees.

Although sediment supply from the mountain and secondary crosion of lahar
deposit malerials are expected to last for several years, the sediment supply
would become stable at a level of pre-cruption condition in some 10 years.
Under such situation, the Sacebia river could be confined in a river channel of
appropriate width of some 100 m and be joined with the Bamban river at the

*same elevation without any control structures. The sediment retained arca could
be utitized for productive purposes and the No. 3 Highway would be restored.

It means that the USACE's levee plan shoutd be considered as a slep of
rchabilitation works rather than the permanent one. Otherwise, the sand deposit
area created by 13 meters high levecs would be abandoned and risks of
breaching of high levees and high velocity water from the drop structure would
last.

Through the discussions in the preceding sections, it has been cleared that

0

i)

i)

The Sacobia River should not be diverted back to the Bamban river in 1995. It
shoutd be drained into the Sapang Balen river or other small creeks safely at least
in 1995 before the compiction of the elevated San Francisco bridge.

It is the most critical work that the Sapang Balen river is rehabilitated to have a
sufficient flood flowing capacity

‘Fhe sediment delivered from upstream reaches of the Sacobia river should be

retained and stabilized in the sand pocket by structural measurcs to be provided
upstream of No. 329 Highway.
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iv)  Sccondary crosion of the sediment deposits in the upper reaches of the Sacobia
and Bamban river should be minimized.

v)  The Sacobia River should be diverted back to the Bamban river at an appropriate
location upstream of the San Francisco bridge when the sediment supply from
the Sacobia river is to a certain level allowable for the Bamban river.

Bascd on the above considerations, the flood and mudflow controt plan should be
formulated as a stepwise plan in accordance with the changes in natural conditions and the

estimate of sediment balance resulled from actions taken. The plan also should clarify the

procedure of implementation and the fulure prospect of the affected arca.

2.4  PRELIMINARY DESIGN OF STRUCTURAL MEASURES

Through the screening of possible structural measures as given in Table H.1, the .

following measures can be selected as suilable measures for the flooxt and mudflow

control plan. Preliminaty siructural analyses arc done for structural measurcs as

described hereinafter.

1} Sand pocket
2}  Consolidation dam
3) Training works
-4) River improvement including bed girdles and spur dike/groin

(1)  Samd Pocket Structure
1)  Effect of Sand Pocket Structure

- The expected functions of the sand pocket are protection from secondary crosion

~of deposited lahars and retention of sedimeat inflow and prevention of
dispersing sediment in the low-lying area.  The effccts of proposed control
structures in sand pocket were examined under 1994 topographic conditions for
the 20-year ftood. As the control structurcs, separalion dikes between Sacobia
and Bamban rivers, lateral dikes in lower end of sand pocket, sump and 329
highway clevated by S meters and collect canals are considered. Figure 1.8
shows the maximum flow depth and sediment deposits. The flood flows in sand
pocket were well drained into the Sapang Balen River and sediment materials

“were trapped at the lower lateral dike and sump. Most of sediment deposits were

" deposited in upper part of the sand pocket. It means that sediment materials will
not be transporled dowastream by a single flood event although it might be
gradually transported by normal flows,

2)  Long-Term Topographic Changes in Sand Pocket

For the purposc of cxamining the long term changes of topography of the sand
pocket, constant runoff of 500 m3/s was input at Maskup continuously for 120
hours which'is equivalent to 5 years runofl volume from the Sacobia river at
Maskup.  Figures H.9 and H.10 show the maximum flow depth and sediment
deposits in 1 year, 3 years and 5 years. Because of the siltation of collect canals
and sump located lower end of sand pockel, oveiflow of the canal and niver
channel occurred in the Sapang Baten River. The sediment deposit is obvious i

~the upper half of the sand pocket as well as norih east corner of the sand pocket.
According to this long-term changes and flow conditions due o the probable
floods, major flood flow in the sand pocket would run along the separation dike
between the sand pocket and the Bamban River. Reinforcement of the dikes
atong the possible water way should be considered.
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Judging from the above short and long-term simutation of topographic changes in the
sand pocket, road dike on Route 329 and reinforcement of lateral dike are essential to
enstire the safety for flood and sedimentation..

(2)

D

2)

1)

Road Dike on Route 329

In the worsl case, the depth of mudflow deposition in the downstream end of the
sand pocket may reach 3 to 4 m deep taking the flood water fevel into
consideration. In addition to the reinforcement of sand pocket structures, the
construction of a road dike by clevating Highway Route 329 for about 4.5 km
long and 5 m high is cssential to ensure the (ransportation system between
Pampanga and Tarlac. The proposed road dike is shown in Figure H.11, and
the dimensions are as shown below.,

Location : * Magalang-Concepcion Road (Roule 329), between
San Roque Creek and San Francisco Bridge

Length : 4300m

Height : 50m

Width of Cresl 1 127 m

Slopc of Embankment : 1.5
Embankment Volume : 439,100 m3

Reinforcement of Lateral Dike

* In the 1994 rainy season, the lateral open dike system made of lahar materials

with sandbagging cover was thoroughly breached by flood water. In order to
cnsure the functions of sediment retention and consolidation of accumulated
sediment, the lateral open dike shall be closed and reinforced with durable
materials against flood water. Figure H.12 shows the proposed lateral dike
system composed of low gabion groundsills. This system shall be constructed
upwards by row in accordance with the condition of sediment accumulation.

Taking local scouring at front portion and overflowing on the non-overllow
scction into consideration, drop head shall be made small and the foundation

~shall require pleanty of altowance.” The design dimensions are as follows:

- Average Length 1 about 3,000m
~ Height o : L5m
Foundation Depth : 1.0m
Width of Crest : 30m
© Overflow Section 200 m wide x 0.5 m high x 4-5 porlions in cach
row, with apron of 0.5 m high x 1.0 m wide x 2
_ _ ' steps
Distance betweenRows 1 1,000 m

Materials :  Gabion with boulders

Consolidation Dam

Type Sclection

The applicable types of consolidation dam to be considercd, which can store
sediment of fine sand, are gabion Lype ,concrete gravity type, masonry iype and
stecl type (double-walled structure). Comparison among them is shown in Table
H.3. “The steel double-walled structure dam can be selecled through the
comparison, additionally taking the following reasons into consideration:

a)  Construction period of a double-walted structure dam is very short so that
a consolidation dam can be constructed within the dry season.
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b}  Double-walled structure dam can be consiructed on the loose sandy
foundation of thick lahar because of its light weight and flexibility:.

- ¢)  Double-walted structure dam is the most cconomical in construction cost.

d)  Double-wated structure dam is widely applicd in volcanic disaster areas.

The steel double-walled type dany is composed of a stee! wall instalied at both
sides. The space between both walls is filled with sand which could be obtained
from lahar deposits, and both walls are tied together with steel bars.

Design Conditions

The embedment depth of the dam foundation is set al 3 m in consideration of
looseness of the base ground. A low height of 4 to 5 m is planned as the
effective height, which is the difference of elevation between the crest of
spillway and the base ground, to keep the dam body safe from heavy scouring
and unexpected loading. The height of wings is determined based on the
comparison between the overflow depth with enough frecboard and the height of
accumulated terrace in the retention arca.

The spillway is designed to have the flow capacity of a 100-year flood with
sedinient concentration of 30%. The design discharge of a 100-year flood is
computed under the pre-cruption conditions that the Sacobia basin encompassed
its headwaters annexed to the Pasig basin in October 1993, Freeboard is
designed to keep enough height mote than LO m based on the design criteria of
sabo structures in Japan.

A series of counter dams, apron, cul-off and riverbed protection works are
designed as the protection works of the front side from scouring. Furtheimore,
the spillway and the apron shall be covered with concrete of 0.5 to 1.0 m thick
as protection against abrasion and collision by sediment, and sheet piles shall be
driven into the ground at both sides of main and counter dams o prevent sccpagc
and piping. - -

Series of Consotidation Dams between Mactan and Maskllp

The spindle-shaped valley belween Mactan and Maskup will become one of the
nain sediment sources to the tower reaches of the Sacobia-Bamban River system
in the succeeding years. Thus, a series of consolidation dams are the most
clfechive measures to stabilize the erexdible accumulated sediment in the valley.

Ninc consolidation dams with the effective height of 5 are required to realize
stabilization of the existing river bed, as shown in Figures H. 13 and H.14.
These consolidation dams will incvitably become wide and large-scale structures
crossing the wide deposited area which has an average width of 900 m. Asa
result, the construction cost atso wili be high.

- Maskup Consolidation Dam

 Maskup narfow path is the lowest end of the sediment accumulated arca in the
- spindle-shaped valley. Maskup dam is also located at the most downstream site
. of the series of consolidation dams mentioned above, and the highest priority

among the consolidation dams can be placed on this dam because of its suitable
location for sediment reiention.

The river course of the Sacobia River has frequently shifted on the sediment
accumulated bed due to bank crosion and channel clogging, so that channcling
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work will be difficult to sustain the stability of the river course. Even under
these situations, the water course can be casily stabitized by instaliation of
sediment contsol structures at the narrow path.  The restoration work on
Highway Roule 3 with two bridges can be commenced as a permanent structue
only when the Maskup consolidation dam slabilizes the river course dewnstream
of Maskup.

The wing dam on the right terrace connecied with the right dike can be similarly
designed as a protective dike. The spillway crestis sctat 5 m in cffective height

~ in consideration of the height of terrace and the existing right dike along Clark
Feld.

_ Figure H.15 shows the preliminary plan of Maskup consolidation dam and the
following gives the design discharge and principal features.

Design discharge 820 m3/s
Effectiveheight S0m
Main dam height 80m
Length of maindam 460 m
Spillway width 100 m
Frechoard i.Om

Sy Dolores Consolidation Dam along Highway Route 3

Dotores consolidation dam in paralicl with Highway Route 3 aims at stabilizing
the river course and preventing secondary crosion of deposited sedimeat so as to
make the restoration of the Highway Route 3 possible.

The effective height of the consolidation dam is planned to be 4 m in order to

prevent secondary erosion of deposited sediment between Maskup and the dam
“site. ‘The length of consolidation dam is 800 m and a new training dike with
~length of 2 km is required to be constructed as the ieft abutment.

Figure H.16 shows the preliminary plan of Dolores consolidation dam and the
~ following gives the design discharge and principal fcatures.

Design discharge 820 m3/s
Effective height 4.0 m
Maindam height 7.0m

" Length of maindam 800 m
Spillway width 100 m
Frecboard ~1.0m

(3)  Training Works of Sacobia River

'After completion of construction of Maskup and Dolores consolidation dams, restoration
of Highway Route 3 with bridges will be possible. Then the Sacobia River can be
connected again with the Bamban River. From the viewpoint of sediment balance as
. described in Appendix F, the location upstream of Malonzo is preferable to the confiuence
benween the Sacobia River and the Bamban River, - Thus, a stretch of 5 km shall be
planiied as river training works between Maskup consolidation dam and the confluence.
Pian and standard cross section are shown in Figure H.17.

1)  Design Scale and Design Discharge

A 20-ycar retum period is applied for design scale. Design discharge as shown
in Figure H.18 is 340 m3/s.
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2)  Design Longitudinal Profile

Slope of 1/150 is proposcd based on the existing topographic condition surveyed
in carly 1994.

3)  Design Cross Section

Design cross section shape  :  single trapezoid

Design freeboard : 0.8m
Design depth : 12m
Roughness cocfficient : 0.035
River width : 108 m
.Riverbed width : 100m
Design velocity : 20175 wmis

- 4)  Structures

Dikes along both sides of the river with slope protection are proposed. They are
designed in the same manner as the Bamban River mentioned in the succeeding
seclion.

C {4 River lmprovcm_cnl Works of Bamban River
I)  Planning Conditions

Generally, the design scale of the flood control master plan for rivers with a

relatively small catchment area is proposed at a 50-year flood in the Philippines.

Regarding the Bamban River, the design scale of a 20-year [lood is proposed as

the medivm-ferm plan because the river channel still shows unsteady and

changeable conditiens and the plan should be flexible to the natural changes. In @ ,
addition, the Pampanga River Improvement Works are being implemented on a '
scale of 20-year return period.  For the long-term plan, upgrading is

rccommended alter natural changes beconie stable in the future.

The following summarizes the dcsugn discharges dcpcndmg on the channcl
planning of the Sacobia River:

a) Sacobia will flow into Bamban downstream from San Francisco Bridge
together with Sapang Balen (refer to Figure H.18)

_River Reach. Design Discharge (m3/s)
No. 7 | 530

b)  Sacobia will bc shifted to join with Bamban upslruam from Malonzo (refer
to Figure H.IR) L .

_River Reach. Design Discharge (m%/s)
No. 5 ' 580 B
‘No.6 - ' 890
No. 9 1,110

The frecboard of 1.0 m is «etermined referring to the design criteria in Japan
where the lreeboard of 1.0 m can be applied within the design discharge ranging

from 500 m3/s to 2,000 m3/s.
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2)

3)

River Improvement Plan

According to the present flow capacilics, il is not necessary lo improve the
cxisting channel by means of channel excavation, widening and dike raising in
the upper reaches. On the other hand, since the present flow capacilics are less
than the design discharges at some portions in the lower reaches, river
improvement by means of channel excavation is rccommended in cansideration
of the progressing aggradation of the riverbed.

Figures .19 and H.20 show the proposed longitudinal profiles and typical
cross sections designed on the following considerations.

a)  Channel Alignment

The alignment of river channe! (o be improved will follow the present
alignment in consideration of the existing parailel dikes.

b) Channel Longitudinal Profile Planning

According to Figure H.4 showing the present longitudinal profile surveyed
in carly 1994, the present lowest riverbed elevations are higher than the
tandside ground clevations.

Although the riverbed clevation should be lower as much as possible from (he
viewpoint of flood control, the existing longitudinal profile is proposed to be
adopted in consideration of the naturally changeable present channel conditions

~and the stability of existing revelments except the downstream reaches of the

conflience with the Sapang Balen River. Excavation of the riverbed is proposed
for downstrcam reaches of the confluence because of insufficient flow capacities.

For computation of high water level, the following basic figures arc used:

a)  Design high water level of EL. 12.53 m ai the most downstream point
which is adopted from the design high water tevel of 20-year flood of the
Rio Chico River designed in the Pampanga Delta Development Project.

by  Roughness coefficient of 0.035

Structural Arrangement:

~ Figure H.21 shows the arrangement of proposed siructares for the Sacobia-

Bamban River improvement.
a) Dike

Since there are existing dikes in the whole reaches, maintenance works for
“dikes such as mountain soil covering, sodding, gravel metaling road are
necessary.

b)  Slopeprotection
Although stope protection for dikes for a total length of 15km including
the Sacobia River has been constructed, an additional 14 km long slope
protection is needed, especially for the sight dikes upstream of the San
IFrancisco Bridge.

Moreover, the left side in the 4 km long reaches downstream from
Highway Route 3 is planned to be reveted by slope protection with low
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c)

height so that land of about 220 ha may be uscful as farmland cxcept in
big Mood occurrence.

Bed girdle

To regulate downcutting of accumulated sediment at the most upsiream
reaches (4 km long) of the Bamban River, a scries of bed girdles with
height of 1 m above riverbed will be provided. A serics of bed girdles for
a total length of 2.5 km consists of six rows at intervats of 800 m.

Spur dike

Spur dikes for a total length of 500 m will be installed at the four critical
bending portions (o avoid bank crosion and train flow dircctions toward
the center of river course.

Channcl excavation

To maintain the design riverbed clevations and to sccure the design flow

capacily in the downstrcam reaches, channel excavation work is
necessary.

Preliminary Design of Structures

a)

b)

)

d)

Dike

The dimensions of dikes to be constructed/repaired in accordance with

existing dike conditions are as follows (refer to Figure H.22).

-Top width of dike:- 7m
- Side Stope of 1H: 2V : o
- To be covered with mountain clayey soil

- Provision of gravel metaling maintenance road on the top of dikes
‘Slope Protection
‘Slope protection is necessary for dikes made of lahar sand.- Figure H.22

‘shows atypical section of wet stone masonry type slope -protection
~ constructed in the rehabilitation/prolection works.

Bed Girdle

Figure H.22 shows a lypical scction of bed girdle made of steel double
wall with tie rods filled with lahar materials. Concrete apron and gabion
matiress are reeded just downstream of it to avoid local scouring.

Spur Dike

The function of spur dikes with revetments is to protect concave sides of

channe} meanders promoting sediment deposition. Spur dikes are termed

permeable spur dike when built of materials such as timber, steel and
brush, and impermeable spur dike when built of carlh, rock, cte.
Permeable spur dikes are generally used for river channels with gentle
gradient, while impermeable spur dikes are adopted for stecp gradient
rivers. Some impermeable spur dikes made of gabion mallress were
constructed as the urgent works. Al present, they partially collapsed due
to riverbed degradation. Therefore, a group of permcable spur dikes
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suited 1o crodible-bed rivers 1s reccommended for the objective river
channcl.

There arc no rules of general applicability for determining the spacing,
length and angle. Practically the following can be applicable based on
expericnces in Japan. Figure .22 shows a typical spur dike that can be

applicd.

-Direction  : rightangle to flow

- Length . less than 10% of river channel width

-Spacing @ 1 todtimesof leagth

- Height »as low as 0.5 to 1.0 m above low water level tominimize
scouring around spur dikes

-Structuré ¢ reinforced concrete piles

¢)  Channel Excavation
Materials to be excavated will be transported to the spoil banks. Swampy
arcas of lowest Bamban River could be one of the candidates for spoil
bank.
River Improvement Woiks of Sapang Balen River -

Planning Conditions

" There are two planning stages of flood control of the Sapang Balen River

depending on the expected role of the sand pocket and the direciion of the

Sacobia River improvement; namely, permanent use of the Sapang Balen River

chaniel for drmining ftood water of the Sacobia River, and provisional use of the
~ channel for the same purposc. :

-a) ~ Permanentuse

Design scale of the Sapahg Balen River permanently joining with the
Sacobia River is 20-year relurn period, the same as the Bamban River.

Estimated design discharge is 610 m3/s (refer to Figure H.18).
b}  Provisional usc '

Only for a few years, the Sapang Balen River will be used to drain flood
water from the Sacobia River basin so that design scale of 5-year return
period can be adopted. A scale of S-year flood is equivalent to a 50-year
" flood after shifting the Sacobia River back to the Bamban River in near

future. Estimated design discharge is 380 m3/s (refer 1o Figure H.18).

The design discharges are almost 4 to 6 times of the [low capacity of 100 m¥s,
more or less.In order to accommodate those design discharges, river
improvement works such as channel widening and deepening, and diking arc
likely measures. ' ' '

* The freeboard of 0.8 m and 1.0 m is applicd in the range of flood discharge of

200-500 m3/s and 500-2,000 m3/s, respectively, following the criteria in
Japan. '
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4)

River Improvement Plan

The longitudinat profile and standard cross section are shown in Figure H.23 for
cach case of usage of the Sapang Balen River.

The planning leatures of ecach standard section arc as follows:

Penuanent Use Provistonal Use
Desiga discharge (ni3fs) 610 380
Stope of channel 1/440 1/440
Roughness cocfficient 0.035 0.035
Design velocity (m/s) 2.6738 2338
Shape of cross scction ‘Composile trapezoid Single trapezoid
Channe! width (m) 96.5 73.2
Chanmel bed width (m) G0.0 60.0
Maximum depth (m) 3.1 25
Frecboard (in) 1.0 03
Dike top width (m) 50 50
Slope of excavation 1V:2H 1V:211
Slope of dike 1V:211 1v:2u

- Channel Alignment

Two channel alignments arc compared as shown in Figure H.24.

-Route A :  Proposed channel is straighiened to keep smooth flow and less

' slope protection works and maintenance cffort because of go
curves. - Acquisition of land including undamaged area by lahar is
‘neceded. Proposed channel length is 9.0 km.

-Route B: Proposed alignmenl follows existing river course. Channel length
1s 9.9 km. Required ecarthwork is more than Route A. Proposed
“alignment is confined in the arca affected by lahar.

Comparing the two alternative routes from the economical, technical and social
viewpoints, Roulc A is advantageous, but the difference between them is small.
In addition, from the social point of view there are some difficulties to realize
Route A alternative in the area unaffecled by lahars. Consequently, Roule B is

“recommendable.

Channel Longitudinal Profile

Design longiludinal stope is determined considering the existing ground slope.

To establish the design high water level at the confluence with the Bamban
River, non-uniform flow calculation was donc in the reach of backsater of the
Bamban River. The design high water level at Sta. 7+000 of the Bamban River,
El 21.0 m, is applicd to the boundary condition.

Channel Cross Section

The following criteria are applied to the design slandard cross section:

- Side slope of 1V : 2H for excavation of channel and dike cmbankment

- Provision of maintenance road with 3 m wide and gravel metaling

®
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