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CHAPTER I EXISTING PROBLEMS OF SEDIMENT IN RIVERS

1.1 General

Major problcms of sediment that may cause vital flood disasters were identified through the
field reconnaissance and aerophoto mlerpretatlon over the entire river reaches. These problems
were reconfinned by the experiences and river damages of Typhoon Gloring in July 1996. They
are classified into three (3) kinds, namely, problems of sediment in the alluvial fan, bank
crosion in the flood plain and local sediment deposits in the small rivers. These problems are -
discussed below., :

1.2 Problems of Sediment in Alluvial Fan

The altuvial fan complex in the upstream of the Laoag River is mainly formed by the six (6)
major tributaries: Cura, Labugaon, Solsona, ‘Madongan, Papa and Bongo rivers. Al these
tributaries are exposed to the following vital problems. For the morphology of the above rivers,
see Appendix E.

{1)  Chanriel Shift around the Altuvial Fan Apex

Excessive sedinients are transpoited downwards through the mountain torrents to the
alluvial fan during medium to big scaled floods. A considerable portion of the
- transported sediments are deposited on the fan apex. This is made passible because the

river channel snddenly becomes wide with gentle slope at this poiat resulling in
- reduction of the shear force of flood water. In the deposits, big sediments such as

boulders with a diameter of more than 300 mimi abousid.

This excessive sediment depasits at the fan apex causes the rising of flood water level
~and triggers the breach of existing riverbanks. As a result, the flood flow forms a new
‘river channel by cutting the lands. : :

* Channel shifling not only causes loss of farmlands and damags of i irigation facifitics in-
and along the new channel but also devastates a \\ldc arca of fannland by deposition of
sediments, : :

Frequent channel shifts in the past have created a number of distributaries branching
from around the fan apex. However, this channel shifting does not occur in all river

" cections in the alluvial fan. According to the interpretation of acrophotos, the potential
charniel shifling zone is considercd to be limited to the river sections between the fan
apex and 2 to 2.5 km downstream, The potential channe} shifling zones in the alluvial
f'm are mostly located in the river stretches with a slope of more than | 3%.

Redud:on of the sediment runoff to the alluvial fan during hrgn floods is considered
cssential to prevent the above sediment problems Especially, prevention of boulder
“depostt is important,

(2) Channel Aggradation in the Alluvial Fan

‘The six (6) major tributarics in the allm ial fan form their respective mdtgm()us braided
chaninel networks consisting of several wide and shallow branch streams within the
river courses. Further, the riverbeds arc formed of the sand bars of various types.

The velocity of flood water entraining sediment of various sizes de.cnascs in these river
sections with wide and shallow braided chamnel net works, resulting in much
sedimentation on the riverbeds. This sedimentation decreases the flood carrving
capacity of the rivers. Therefore, these river steetches in the alluvial fan arc always
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cxposed to overbanking floods.

These niver conditions are created by excessive sediment runefT during flood time,
Hence, reducing the sediment runoff (inflow) from the upstream and increasing the
sediment transport capacity of the above river sections are considered necessary for
scdiment problem mitigation.

(3) Bank Erosion in the Alluvial Fans

Bank erosion is generally caused by stream convergence created by sand bars. Large
scale sand bars gencrate large bank crosion, while small scale sand bars do not have
much effect on the riverbanks.

The beds of the six (6) major rivers in the alluvial fan are covered by small scale tike
sand bars during normal floods. However, large alternating sand bar formations were
observed on the beds of many river sections after the flood of 1996 Typhoon Gloring.
The length of one alternating bar is estimated at 500 to 700 m.

These altemating sand bars move downward during flood, causing the movement of
stream convergence points. Bank erosion may then extend downwards over the river
reaches, :

The above large scale sand bars are produced mainly by excessive sediment nunoff to

the rivers. Therefore, sediment control as well as bank protection in the upstream is

necessary.

1.3 Problems of Sediment in the Lower Reaches

The lower reaches of the Lacag River cover the Lower Bongo (confluence with Papa River to
the confluence with Cura River) and the Laocag Main (confluence with Cura River to the river
mouth). These rivers run through the alluvial flood plam Their geomorphologic 'md hydraulic
mechanisms are quite differént from those of the rivers in the altuvial fan. :

The major prob[cm of sediment in the lower reaches is bank erosion. Serious sedimentation that
may bring about s:gmﬁcant flood damage was not identified. This was confirmed thmugh the
1996 flood eveit.

The river -:outse is no longer braided and flood flow concentrates in oné channel. Single or dual
mode alternating bars are formed on the riverbeds. Downward movement of these sand bars is
unlikely during floods because the natural river bends and confluence of the Solsona, Cura and

- Guisit rivers will hinder its progress so that stream convergence appears altemately on the right
and left riverbanks and the locations are almost fixed. Therefore, bank protection works are
only necessary for some river seclions.

14 Problems of Local Sed:mcni

Some pioblems of sediment were locall) identitied in the upslream of three (3) rivers; Boot,
Madongon and Lading. The location of these riv: ers is shown in Fig. F.L.1. Their local sediment
problems are summarized below. -

(1}  Boot River

The Boot River, a lributary of the Guisit River, covers a catchment arca of 21.8 kn’.
Its flood plain with a slope of abouwt 1.2% extends dovwnward from the mouth of the
mountain valley. Land along the river course ranging in width from 100 to 200 m has
been devastated by sediment from the river.

The fanmdands in the flood plain are not well developed due to lack of irrigation water.
Therefore, the necessity of sediment control is limited only to some small arcas,
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(2)

3)

Madongon River

The Madongon River is a tributary of the Cuyep-cuyep River which is onc of the major
tributaries of the Solsona River. The catchment arca is estimated at 10.7 knr', The
river forms an altuvial fan with a very steep slope, varying from 3.0% to 1.7% in about
3 km distance from the mouth of the mountain valley to the confluence with the Cuyep-
cuyep River. Land along the river course ranging in width from 200 - 400 m has been
devastated by sediment from the river.

Debris deposits around the fan apex were identified in the field survey and confirnied
by the residents. The debris flow seems to have occurred in the flood of 1967 Typhoon
Gening. The 1996 Typhoori Gloring did not bring new scdiment deposits in the river
and the afluvial fan.

The above facts imply that sediment runoff and transport in the Madongon River may
be caused mainly by debris flow of more than 10 years in probabilily. Sediment runoff
and transport by normal floods are considered small.

Problem of sediment in this river basin is considered to be limited to some small areas
and frequency is presumed to be low. Sediment coptrol in this basin is not also
considered to have much effcct on the downstream reaches because only a small
drainage basin is involved and severe sediment ronofY is not frequent.

Lading River

- The Lading River, a tributary of the Bongo River, drains 4.3 km?. The river also forms

an altuvial fan with a steep slope of about 5% over the river distance of about 2 km

from the mouth of the mountain valley. Land along the river course ranging in width

from 100 to 200 m has been devastated by sediment from the river.

According to information from residents, some paddy fields along the river were
washed away by debris flow in the 1984 flood. This was confirmed during the field
reconnaissance. The sediment runoff of the Lading River is also considered to be of
debris flow type. ' '

~The sediment problems of this basin were identified in some small arcas but they are

not considered frequent. Sediment control in this basin is not considéred so effective (o
the downstream reaches from the same reason as the Madongon.



CHAPTER 1I SEDIMENT BALANCE ANALYSIS

21 Methodologices
2.1.t  Sedinient Transport Type

Fluvial sediments in transit are classified as bed material load and wash load according to their

origin. Further, bed load material is also classified as bed load and suspended load according to

its transport mechanisms. As a result, whole sediments in transit by flood water are categorized

into three components, namely bed load, suspended bed material load (hercinafter called
"suspended load”) and wash load, as shown below.

bed material load T bed load
Sediment transport —{ suspended load
. wash load

The methodologies for estimation of the above three {3) components are described below.
{1) BedLoad

The bed load is transported downwards by rolling or sliding on the surface of riverbed.
It is always in contact with the riverbed and is not suspended by all means. The actual
mode of movement varies depending on the transport rate determined by the balance of
the shear steess of flood flow and critical shear force of grain itself.

So far many bed load cquations have been proposed on the basis of dimension

qnalyhcal examinations and- ctpcnmenlal data. Among them, Ashida & Michiuve’s

: Jequahon is employed in this study since this equation is applicable for a wide range
~of riverbed slope from a steep bed of alluvial fm to a gentle bed of flood plain. The
equation is given below,

qo/{{ofp-Dgd’} 7= 1 T14e™? (1-txc/T4) (l-.U*ch*)

Where qa is sediment runof¥ per unit river width per unit time, 6 is sediment particle
density, p is water density, g is gravitational acccleration, d is sedimesit particle
diameter, t+c is entical shear stress, Usc is critical shear velocity, 1+ is shear stress,

and Us is shear velocity [t+=Us¥{(c/p-1)gd}). -

Furthermore, effective shear stress 1+ is obtained from effective shear velocity Use by _

using the following stream resistance cquation.
U0/ Use= 6.0+5.75log[R/{d (1+214)}] '

Where Uo is average flow \c!ocn), R is radius depih

chardmg critical shear velocity, hwagaki's equation Vs employd Thc equation is
given for 3 uniform bed with a mean diameter (d} of gravel mixture as fo!lo“s

d>0.303 ém : Usc®™= 8094
0.118<d<0.303 em: Usc?= 134.6 42
0.0565<d<0.118 cm s Us®=55.0d
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0.0065<d<0.0565 cm  : Usc®= 8.41 4"
d<0.0065 cm s Usrc’=226d

On the gravel mixture bed, big size particles easily move because they ate exposed to
water flow on the bed surface, while small particles do not casily move because they
are shaded by big particles. Therefore, modificd Egiazarof's equation B is used to
estimate critical shear stress of individual particles on the gravel mixture bed after
cstimation of critical shear velocity Usem? for the mean diameter by using Iwagaki's

equation. The equation is given below,

di/dm = 0.4 : teci= Tecm {login] 9logu(19x difdm) }*(di/dm)

di/dm < 0.4 s teci= 0.85 13cem
Where di is diameter of individual patticle of g:ravel mixture, dm is mean diameter of
gravel mixture, T#ci is critical shear stress to the particle with a diameter {di), Teem is
critical shear stress to the particle with a mean diameter (dm) [T+cm= Usem®{(clp-
Dgdl :

(2) Suspended Load

The suspended load is transported downwards, floating in the river water. It does not
contact with the riverbed all the time. Its setiling force is smaller than the ‘upward
component of turbulence force of the river water. The size of suspeided foad is in a
wider range than that of wash load. It includes coarse sand.

~ Ashida & Michiue's equation 3 is-adopted from the same reason as mentioned above. '
The equation is given below. r '
© Qs= CB[{14U(x Uo)} A+A2 Usilx U)] Q
' Here, At={a/th-a)} {(1/m)-1)%dn
Ar={a/h-a)¥ Inn {(1M)-1¥dn
n=2Z/h
Z=w0/{1.2 x Us¢)
Where Qs is sediment discharge per time, CB is sediment concentration at a height of
fa] above bed surface, x is Kannan constant, Al and A2 are parameters of

concentration distribution, h is flow depth, and w0 is terminal settling velocity of
sediment particle. ' ‘ ‘

(3) Wash Load

The wash load is finer in size and usually originates from hitly areas. The wash foad in
the Laoag River is considered to originate from not only hill:and mountain slopes but
“also paddy fields. Sampling and laboratory tests of flood water were carried out in the
lower reaches of the Laoag River to estimate the transport volume of wash load.

2.1.2  Procedure of Analysis

Sedintent balance analysis is composed of two processes, namely preparation of input data and
construction of sediment transport model. The preparation of input data includes modeling of
riverbed materials, modeling of river channel cross section, preparation of discharge duration
curve, and preparation of wash load rating cunve. The construction of sediment transport model
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cludes unifornvnon-uniform flow calculation and estimation of bed load and suspended load
transport. These procedures are lustrated in Fig. F 2.1,

2.2 Preparation of Input Data
22,1 Riveibed Material and Initial Movement

Riverbed material survey including sampling and laboratory tests was carried out for all river
reaches from the fan apex of each major tributary to the river mouth in May 1996. Grain size
and distribution of each sampled material were computed. The typical grain size distributions
of niverbed materials arc shown in Fig. F.2.2 in Phi scale classification. This figure indicates
that riverbed material, in particular, boulders and cobbles are well sorted in proportion to the
riverbed gradient.

The riverbed materials covered by armour layer are not moved by small flood. Once large
particles composing armour layer on the riverbed starts moving by shear stress of flood
cureent, the riverbed materials covered by the armour layer also start moving toward
downstream. The critical discharge which cause initial miovement of riverbed materials is
estimated in order to determine the river flow regime for which sediment transport is to be
calculated. The initial movement of the representative particle at the fan apex of each major

“tributary is examined on the assumption that the amour layer forms a uniform riverbed

composed of representative particles,

The' results of the examination are shown in Pig F.2.3. Based on this figure, the critical
discharge for the initial movement of riverbed is set at 1 m’fs/knmi. Therefore, the sediment.
balance analysis is conducted for the flood discharges larger than 1 m¥stknt’. '

2.2.2 RivcrlChmmel Crioss Seclion

Cross section survey was also carried out for whole' stretches of the major tributarics and main

river at an interval of 500 to 600 m. The entire river stretches & divided into sections at every . .

location where the riverbed slopé apparently changes. A representative cross seclion is
established by each river section { called "b!ock") ‘The longitudinal profiles and slopes of the
rivers are presented in Fig, F 2.4,

2.2.3  Preparation of Hydrotogical Data
(1)  Sclection of Hydrological Average Year

- The hydrological average year nceds to be selected to calculate the average annual
sediment balance of the Basin. The hydrological average year is determined from the
annual rainfall records of the Basin.: Fig. F.2.5 shows a series of annual rainfall
observed at the Lacag City Station of PAGASA for the years 1961 to 1995. In this

series, the year of 1968 rc.cordud both average and median annual rainfall vatues.

Therefore, the year of 1968 is defined as the bydrological average year for which the
annual sediment balance is estimated.

(2)  Estimation of Flood Duration Curve

B Daily rainfall in the hydrological AVerage year of 1968'(PA'GASA in Laoag City} is

"~ shown in Fig. F.2.6. Flood runoffs in 1968 at the major locations of the Basin were
simulated for the above daily rainfall records by using the simulation mode! discussed
-in Appmdr\ B, Climate and Hydrology. Actual simulation was performed for the daily
rainfall series which may cause larger flood discharges than the critical discharge of
initial sediment movement estimated before (f m*/s/kn®). A consecutive 2-day rainfall
of more than 50 mm genceates a flood discharge almost equivalent to the critical
discharge. These simulated hydrological serics in 1968 are used for the annval
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sediment transport analysis.

However, a more detailed hydrological series is nccessary for the estimation of wash
load since even a small flood flow entrains wash load. The flood duration curve at
Gilbert Bridge of Lacag City in 1968 was estimated by combining computed flood
discharges and observed daily discharges more than 70 m’fs (equivalent to the
threshold discharge of wash load entrainment) for estimation of the annual wash toad
of the Basin. The flood duration curve at Gilbert Bridge is shown also in Fig. F.2.6.

Sediment balance at the design flood time is analyzéd for the upper tributarics. The
design flood hydrographs with a 23-year frequency at the major locations of the Basin
are referred to Appendix B, Climate and Hydrology.

2.24 Wash Load Samplihg and Testing

(1)  Activities Performed

First of all, the sampling and observalion site was set at the Gilbert Bridge taking inte
account that a flow seasor has been instalted there and access is easy. Afler that, daily
ocular inspections of color of river flow was done in order to catch the occurrence of
suspended malcrial loading. The river changed its water color from green to brown on
Junc 26, 1996 for the first time in the rainy season after occasional showers in the
mountains. From then on, sampling activities started.

During the passage of Typhioon Gloring, frequent sampling was made referring to the
flood water level and velocity recorded by the flow sensor. Then, laboratory test was
done to examine sedinient concentration by using the gravimelric method with the
cooperation of the research laboratory of Mariano Marcos State University in Batac. -

Through these activities, the following facts have been clarified:

The sampled suspended particles consist of only clay and silt. The sampling at this
time is considered to have caught only wash loads originating from the land
- surface of the Basin. o

The threshold discharge to generate wash load is estimated to be 70 m'fs, judging from
the fact that the color of river water first changed from green to brown when the
river discharge reached 70 m/s. : o

‘Density of the wash loads is estimated at 2.0 gfom’.
{2)  Establistunent of Wash Load Rating Curve

“The water discharge is computed, based on the water level and flow velocity obscrved
by the flow sensor. Then, the sediment rating curve, which shows the relationship
between water discharge and sediment concentration, is oblained by regression analysis

as shown in Fig. F.2.7. The equalion is given below.

Cs=2.547 Q" (correlation coefficient = 0.936)

Whets Cs is sediment concenteation in mg/l, and Q is water discharge in m¥s, In -
addition, this cquation is converted to the following equation by assuming particle .
density as 2.0 g/ewy”. ' ' :

Qs = 1.274x10°Q"*”

Whete Qs is wash load in m'/s. This equation is similar ta the wash load obsenvation in
Japan, Qs = (4x10°-6x1090Q"



2.3 _Annual Sediment Runoff

The average annual sediment teansport including bed load and suspended load is conputed for
the major locatioris in the basin by uvsing the simulated flood discharge data in [968, as shown
in Fig. ¥.2.8. In addition, annual wash load volume is also computed by using the flood
duration curve and sediment rating curve at Gilbert Bridge. The estimates are summarized
below.

(1) - Annual Sediment Runoft to the Sea

Annual sediment runof¥ to the sea is estimated at 370,000 m® (570,000 m® on account
of porosity of 35%) with the following breakdown.

Wash Load : 462,900 m® or 81.2% of totat {including porosity)

. Bed Load and Suspended Load : 107,1 00 m’ or 18.8% of total (including
porosity)
{(2) Annual Sediment Deposit

Annual sediment runoff from the mountains to the six (6) major tributaries in the
alluvial fan is cstimated as follows on account of porosity.

River Catchment Area Annual Sedirient Specific Sediment
(k) Runoff (m’) Runof¥ (i’ /km?)
Cura 69.5 54,600 . 790
_ Labugaon , ©100.5 154,700 1,540
© Solsoma .~ - _ 790 114,500 1,450
‘Madengan 1538 - 223,100 - 1L,450
Papa 5p4 0 99,600 | 1,940
Bongo .. 570 ' 78,300 1,370
~ Total : . Ml2 724,800 1,420

‘The annual sediment balance betwéen inflow of 733,000 m’ including inflow of 3,200
‘m? from the Guisit River and outflow of 107,100 n’ may be deposited in the Laoag
River every year. This volume of 623,900 m’ is equivalent to an average riverbed
~ rising of 1.8 cm per year over the whole river stretches, as explained below in detail.
(3}  Typical Deposit Area

The following river stretches arc considered as typical sediment deposit areas from Fig.

F2.8.
(1) Around the alluvial fan apexes 192,400 m’ (31%)
(2)  Middle reaches in alluvial fan @ 288,800 m>  (46%)
(3)  Around the alluvial fan ends : 50,700 {8%)
. () Inthe Lower Bongo River : 16,100m° (3%)
_(3) " Inthe Laoag River - . : 77000 m°  (12%)
“Total - : 625,900 m’®

The annual sediment deposit in cach river stretch is estimated as shown below,
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Annual Channel  Average Amnual

River Stretch Deposit Length  Channel Riverbed
{1000 m*A) (km) ~ Width  Aggradation
_ - {m) {cmv/yr)
Cura/Labugaon 144.2 13.0 320 3.0
Solsona/Madongan 270.1 19.3 270 5.1
Papa 72.7 12 210 4.8
Upper Bongo 44.9 11.8 240 1.6
Lower Bongo 16.1 10.8 390 04
L.aocag 779 31.3 340 0.3
Whole Streteh 6239 93.8 370 5.3

The Solsona/Madongan and Papa rivers may be affected by the heaviest sediment
accumulation. This computation may not be accurate because there are some uncertainties in
selting the model parameters such as flood discharge, riverbed materials and others. However,
the tendency of riverbed deformation in cach river course can be grasped from the :
computations.

2.4 Sediment Balance during Design Flood

Sediment runoff discharge from the mountains to the alluvial fan during a big flood is

‘considered véry large, but the sediment transport capacity of river channels is limited.

Therefore, the riverbed of tributaries in the alluvial fan, especially around the fan apex, may be
much aggradated terporarily at the time of a large flood. '

The sediment batance at the fan apex during the design flood of a 23-year probability is
catcutated for the six (6) major tributaries, as summarized below. :

River _____ Scdoment Transport Volume (1,000m)
Inflow to Transport Capacity at ~ Balanee
Alluvial Fan . Fan Apex a
“Cura 713 ‘ 42.6 <287
Labugaon 185.2 o H2.8 724
Solsona - 1669 1089 580
Madongan A543 3028 151.7
" Papa - 1473 ' 93.0 343
Bongo 97.3 63.4 34,1
Total 1,122.7 ' 723.5 - 399.2

From the above lablc,j the following facts arc apparent: _

(1) The design flood will bring a large amount of sediment (1,122,700 m’) to the alluvial fan
for a very short time. This is equivalent to 1.5 times of the average annual sedument .
runoff (724,800 nv’). '

(2) The fan apexes will be affected by a large amount of sediment dcpbsil_ion onlv by one
time flood. The total scdiment deposit at the apexes of the six (6) major tributarics is
estimiated at 399,200 m”. ‘ L

{3) Control of the sediment runof¥ at the time of big floods is required.



CHAPTER 11 POSSIBLE STRUCTURAL MEASURES

3.1 Comparison of Possible Structural Measures

As discussed in the previous Chapter, the Lacag River Basin is affected by two (2} kinds of
problems on sediment, as follows:

{1)  Excessive Annual Sediment Runoff from the Mountains

The Lacag River receives sediment that exceeds its transport capacity every year,
resulting in riverbed aggradation to some extent, The average annual excessive
sediment is roughly estimated at 600,000 n’/year. However, the rate of riverbed
aggradation is not high except for some critical river sections, The annual riverbed
apgradation of the basin is in the range of 0.4 cm and 5.1 ¢m, averaging 1.8 cm. The
adverse effects of sediment deposit gradually accuninlates although the impact is not
seriotss during a short period of flood occurrence. Countermeasures should be viewed
from a long-term perspective but implementation be undertaken in phases.

(2) Large Amount of Sediment RunofY to the Alluyial Fan at Large Floods

The sedintent ninoff much exceeds the sediment transport capacity of the river channel,

causing a large sediment deposition at the fan apexes of the basin. This problem does

not frequently occur. However, once it happens, it will breach the riverbanks and bring

about significant damages on the alluvial fan area. To prevent such catastrophic
- disasters, highly reliable structural measnies should be adopted.

:"Io cope with the above two (2) kinds of sediment problcms the folto“ ing four {(4) measures
are considered possible: :

{1} Reforestation in the mountains
{2)  Construction of sabo dam

(3) Construction of sand pocket
(4) Channcl dn:dgmg

These measures are conipared in terms of appropriate construction site, e\pecled ﬁmclron

structural compoqem physical advantage and disadvantage, and adaptability to the basin, as

shown in Table F.3.1,
As evident frbm Table F.3.1, the following measures are effective:

(1} Reforestation and construction of sabo dam are considered effective for mitigation of the

- annual excéssive sediment runoff. Channel dredging may alse be an effective measure
when continwous ageregate production is exccuted in Laoag River, especially the upper
tributaries. However, aggrugqte production in the upper tributaries in the future is

e\pccted to be 100,000 m*fycac at most (soe Appendix I, Multlpurpo&, Development of

the Project).

{2) Only the construction of sabo dam is considered practicable to prevent a catastrophic
disaster,

3.2 Setection of Suitable Sabo Dam Site

As discussed in Chapter [ and 1I, sedious sediment problems oceur in the apper major
tributaries, namely, Cura, Labugaon, Solsona, Madongan, Papa and Bongo. The sediment
problems in the Boot, Madongon and Lading rivers are limited to small local arcas and
scdiment control in such rivers will produce no significant effect on the downstream reaches.

F-10
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The following functions expected for a sabo dam were considered in addition to sediment
runof¥ control in identification of sabo dam sites:

(1

(2)

To consolidate the sediment deposits that accumulated around the mouth of the mountain
valley so as to prevent secondary erosion; and

To protect the irrigation diversion dams from serious frictional wear caused by boulder
collision.

The selected sabo dam sites are shown in Fig. F.3.1 as discussed below.,

8y

(2)

3

Cura, Labugaon, Madongan and Papa River

An enormous volume of sediment deposit have accumulated on the valley extending
over some distance upstream of the intake or the diversion dams. These accumulated
sediments should be consolidated by sabo dam. Four {4) sabo dam sites are sclected:

(a) Just upstream of the NIS intake on the Cura River, and

{b) Just upstream of the irrigation diversion dams on the Labugaon, Madongan and
Papa rivers.

Furthermore, another upstream damsite is selected in cach river basin for alternative
study.

Solsona River

" Two sabo dam sitcs are proposed; one approximately 2 km upstream of the irrigation
diversion dam and the other at approx. 3 km upstreant. These sites are selected mainly
from topographic and geological aspects. The consolidation of accumulated sediment
in the valley is not necessary. '

Bongo River :
The most Suitable sitc upstreant of the diversion dam has already been selected for the
Nueva Era Dam in INIP-Phase 11. However, the sabo dam in this present Study is
proposed at the same site because the implementation of INIP-Phase Il is not clear. If
Nucva Era Dam is constructed as proposed, a sediment control structure will not be -
nceessary in the Bongo River, because the Nucva Era Dam will produce more eftects
in sediment control than sabo dams. If the dam is not realized, a sabo dam is proposed

to be constructed at the site.

Furthermore, another damsite is selected 1.7 km upsteean: of the above-mentioncd site
for alternative study. '
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CHAPTER 1V SEDIMENT CONTROL PLAN

4.1 Sediment Control Effects of Sabo Dam

A sabo dam has three kinds of sediment control effects, namely, (1) control of excessive
sediment runoff at fan apex during floods, (2) reduction of annual sediment deposit on the
riverbed and (3) reduction of large-sized sediment runoff to the downstream reaches, These
sediment control mechanism and effects of sabo dam are discussed below.,

{1) Controt of Excessive Sediment RunofF at Fan Apex during Floods

Immediately after construction of a sabo dam, all sediment runoff from the mountains
to the sabo dam (sediment inflow} are trapped by the empty sedimentation basin and no
sediment is discharged to the downstream. Once the sabo dam is filled, it begins to
discharge sediment. Furthermore, the sedimentation gradient of the sabo dam beconies
stecper with the lapse of time; hence, sedinment outflow increases according to the
increase of sedimentation gradient.

‘Finally, the sedimentation slope of the sabo dam gets near the original slope of the
riverbed. As a result, sediment outflow of the sabo dam almost equal to its inflow,
resulting in less sediment control effects. However, if the sabo dam is provided with
sufficient sedimentation capacity, it will be ablc to effectively control sediments for
years.

The sediment control effect of sabo dam is schemalized as follows.

ISediment Inflow I

Sediment Co:nlri)l by Sabo Dam

“ Original
Riverbed

Sediment Oultflow J

Increase of
Sedimentation Slope

Sedimeni Discharge - -
Capacity

abo Dam
D

Fan Apex

- The sediment outflow is always smaller than the sediment inflow
until the sedimentation slope returns (o the original one.

- Sedimcent control benefits are great until the sediment ountflow
becomes bigger than the sediment dischargs capacity at the fan

apex.

The sediment outflow of the six {6) sabo dams for a design flood with a 25-yvear
feequency is calculated for the various sedimentation slopes of sabo dam as shown in
Fig. F.4.1. The sediment discharge capacity atb the respective fan apexes are also
shown for comparison. Thase are also tabulated below.

O
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River Outflow of Sabo Dam (10°ny ~  Discharge

Original 172 of 273 of 3/4 of Capacity at
Bed Original Criginal Original Fan Apex
Bed Stope Bed Slope  Bed Slope (10°m’)
Cura 713 202 354 43.3 42,6
Labugaon 185.2 61.1 97.8 1185 1128
Solsona 166.9 46.3 79.5 99.2 108.9
Madongan §54.5 120.8 213.0 266.5 302.3
Papa 147.3 41.0 70.8 880 93.0
Bongo 97.5 322 51.7 62.1 63.4

It is apparent from the above values that:

(a) The sediment outflow of the sabo dams is reduced to 27-46% of the sediment
inflow (equal to the sediment cutflow under the original riverbed slope) when the
sedimentation gradient of the sabo dams is 1/2 of the original riverbed slope.

(b) The scdimient outflow is reduced to about 60% of the sediment inflow even when
the sedimentation gradient is 3/4 of original riverbed slope.

(©) In all the rivers, the sediment discharge capacities at the fan apexcs are almost
equivalent to the sediment oulftows of the sabo dams with the sedimentation slope
equal to 3/4 of original slope.

Thus, the sediment control function of sabo dam for protecting the altuvial fan areas is
fully expected watil the sedimentation slope rises up to 3/4 of the originat slope. 1f -
proper sedimentation capacity is provided in the proposed sabo dams, this efliciency

- will {ast for a long time.
Reduction of Annual Sediment Deposit on the Riverbed

“The _nmjdr tributarics on the alluvial fan complex are affected by the following rate of
 riverbed aggradation as described in Chapter 11 2.3; '

Cura/Labugaon Rivers : 3.0cm/year
Solsona/Madongan Rivers  : 5.1 cm/year
Papa River . . 4.8 ev/year
Upper Bongo River ¢ L6 ayear

“These riverbed aggradations  can be mitigated by sabo dam. The mitigaiion effect

varies dopending on the sedimentation capacity of sabo dam.
Reduction of Large-sized Sediment Runof¥ to the Downstream Reaches

As flood water flows in the sedimentation basin, its shear force decreases duc to.
reduction of the hydraulic gradient. ‘Then, the sediment transported, particularly,
large-sized sediment are trapped i ihe sedimentation basin. This process enables the
average sediment size of outflow to smaller than that of the inflow: This is the sieving -
cftect of sabo dam.

"The grain composition of sediment outflow for the design flood is calculated for three

‘cases of sedimentation slopes: 172 of eriginal slope, 2/3 of original slope, and the

original slope, as shown also in Fig. F.d.L.

The sicving effect of the sabo dams is confirmed as follows:
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4.2
424

{a) In proportion to the reduction of sedimentation slope of sabo dam, the ratio of
sand component increases, while the ratio of pebbles, cobbles and boulders
decreases.

(b) The composition ratio of cobbles and boulders docreases from 3 to 10% on the
original bed to 0-6% on the bed with 172 of the original slope. The main cause of
channel shifting around the fan apex is the excessive deposit of large-sized
particles such as cobbles and boulders. The sieving effect of sediments by sabo
dam will contribute much to the prevention of channel shifling around the fan
apex.

Alternatives

Alternative Sabo Dams

The required sediment control in each niver can be attained by a single dam or a serics of dams.
Generally; a single dam costs lower than a series of dams. However, construction of the former
is difficult to perform., This scheme require some advance investment,

The following are the basic concepts to set up the alternatives:

(1) The lower site is sclected as a single dam alternative, se as to protect the existing

irfigation diversion dam as well as to store sediment; and

(2) Both of the lower and upper sites are selected as a series of dams.

_In the Cura, Madongan, Papa, and Bongo rivers, there is sufficient storage capacity for a single
dam site. On the contrary, in the Labugaon and Solsona rivers, sufficient capacity for a single
dam is not possible due to topographic constraints. Therefore, at least two dams are neccssar)
1o attain the target sediment control.

- Salient features of the respective sabo dam sites are shown below.

River SaboDam  Catchment Dam Site Riverbed
- Site Avea (k') Width (m)  Slope (%)

“"No.2

Cura No. 1 68.2 170 108
e 02 s O3 T 08
Labugaon  No. 1 1005 160 BREE
e N2 2909 L N60 LI
Solsona No.1 72.2 : 30 258
SRR . 3 S v S . 2 S
Madongan  No. | ' 1538 120 1352
e N2 deLe 300 s
Papa No.1 )l-i 210 2.08
. Bongo No 1 360 170 l 17

' ‘ -~ 3238 100 1.17

4.2, Design Dam Height and Sedimentation Volume

The lifctime of a sabo dam is gencrally limited. However, the lifetime can be extended by
providing a sufficient sedimentation capacity to the sabo dam. Parallel with prolonging its
lifctime, the scdiment storage cffect is more apparent in the downstream reaches of the sabo
dam where it restraints channcl aggradation. In this Study, the required effective sedimentation
capacity of the proposed sabo damis determined to satisfy the following criteria:
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(1) The sediment ontllow of the sabo dam in design flood has to be cqual to er lower than
the sediment discharge capacity of the river channel at the fan apex. As mentioned in
4.1, the capacity at the fan apex is approximately cquwalcnt to the sediment outflow
from the sabo dam with 3/4 of the original slope. Thus, the design scdimentation slope is
determined at 3/4 of the original slope.

(2) The sedimentation slope should be planned not excecding the design slope for the design
life of sabo dam. In this study, the design life of sabo dam is set at 20 ycars.
Consequently, the required height and sedimentation volume can be estinated.

(3) Sediment control can also curh the average annual riverbed aggradation in the tower
reaches within an allowable level for the period of 20 years. In this study, the allowable:
riverbed aggradation of 2.5 envyear is determined taking into consideration some effects
by reforestation projects and sieving of sabo dam.

(4) Finally, compared with two required sedimentation volumes, the design height and
sedimentation volume is determined by selection of larger one.

(5) In the case of a series of dams, the lower dam (No. 1) will be constructed first. The
upper dam (No. 2) will be constructed when the lower dam is filled. The design life of
the lower dam is set at 10 years.

The locations and longitudinal profiles of altemative sabo dams are shown in Fig. F.4.2. The

design dam height and sedimentation volume are summarized below.

River i  Single Dam Alternative Series. Dams Altemative
' Dam Design Design | Dam  Desi gn Des:gn

Site Hzight  Volume i Site Height Volume :

_ (m) {1000 m) - {m) (1000 m’)

Cura No. t o006 . 730% No.l 6.5 391
RN SR i Ne2 oA 1ses

- Labugaen - - -i No ik 100 1,043
R NS A -t No2 .70 1

“Solsona - - - «i No.l 100 233
....................................... W, eeremeress x N02 ' 100233

Madongan No. 1 7.0 2,192¢ No. l 3.5 1,353
........................................ s et No2 0 80 - 101

Papa i Mol 7.0 707§ No. l 55 . 436
e el NO2 0262,

Bongo No. 1 2.0 6921 No.l 6.3 361

.- oo- - -1 No.2 4.0 - 137

43  Preliminary Structural Design

4.3.1  General:

Sixteen (16) sabo dams are selected as alternatives in the prgc'cdinn section. They have
cffective heights ranging from 4.0 m to 10.0 m. These dams are designed as gravily conercte
dams in consideration of foundation conditions (river deDSI{S of gravelfboulders) as discussed

“below. Details of the preliminary structural design are based on the Japancse technical

guidetine entitled "River and Sabo Works Technical Standard’, since there are no suable
guidelines established by the DPAVH, Further, costs of sabo dams are also estimated as below.

F-15



4.3.2 Design of Sabo Dams

M

@)

Geological Conditions

At the time of this Master Plan Study, geological conditions of proposed sabo dam
sites can be known only from site observation and the Report of the Detailed Design on
Hocos Norte Irrigation Project (Phase 1), July 1981, This Project performed core
boring investigations at the proposed five (5) diversion dams (l.abugaon, Solsona,
Madongan, Papa and Nueva Era).

Geological investigation of INIP revealed that these diversion dam sites have two
geological layers consisting of river deposits and bed rock. River deposits are mainly
composed of sand, gravel and boulder. They are slightly loose, but no soft deposits
such as clay and silt arc observed. Gravel of the river deposits mainly consists of
diorite and andesite, and the matrices are composed of mediumi to coarse sand.
Boulders having a maximum diameter of 1.5 m almost consists of diorite. The
maxinum thickness of river deposits ranges from 3 m to 20 m, i.e., 9 m at Labugaon
Diversion Dam Site, 3 m at Solsona, 16 m at Madongan, 6 m at Papa, and 20 m at
Nueva Era (Bongo). The bearing stress of these river deposits is sufficient for the
construction of sabo dams; however, piping and scouring shoutd be taken into
consideration.

Dam Type and Components

Judging from the purpose of sabo dam (sediment control) and the availability of
economical construction matcrials on site {sand and stones), a gravily type (trapezoidal
shape) concrete structure is considercd most svitable. On the design of foundation of
sabo dam, bedrock is desirable from the technical vie\\point “However, in casc that
deep river deposits exist on the objective bedrock, it is not economical to construct a

“dam on the bedrock. Vast soil excavation is necessary and concrete volume of dam

increases. Accordingly, most of the proposed sabo dams ate designed on river deposils
(so-catled "floating type”) except Solsona No. 1 and No. 2 sabo damis which will be
constructed on the rock base because river depdsits are assumed to be thin.

A t)pmai sabo dam consists of the following components and functions {refer to
Fig. F.4.4; structural layouts of sabo damy):

(2) ‘Main dam (to control sediment)
{b) "Apron (to protect scouring of riverbed from falling watér)

(c) Sub-dam (to reinforce the apron and to make watee pool on apron)

(d) Side walls (to protect river sides from erosion by flowing water)

Design of Major Dimensions

Basic design of sabo dams is to determine the sizes of overflow sections and slopes of
gravity stnicture based on the stability analysis.

(a) Determination of Overflow Scetion

Qvérflow sections of sabo dams should have a sufficient opening for releasing
“large flood with a 100-year probabitity. Design flood ranges from 820 m’/s to
2,390 w'/s (refer to Fig. F.4.3). Overflow width is based on the present river
channel width at respective dam site. Furthermore, it is assumicd that 10%
additional sediment is contained into the design flood discharge.

(b) Structural Stability Analysis of Dam

Major structural dimensions of sabo dams should be determined from the results
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of stability analysis on sliding, overturning and bearing stress. In case that height
of sabo dam is below 15 m, only the flood water pressure is considered in the
analysis.

(c) Major Structural Dimensions

“Top width of dams is designed to be 2.5 m. Downstream slope of main dams
should be protected from discharge sediment; gradient of 0.2 vertical to 1
horizontal is usually used. Upstream slope of main dams should be determined
from the calculation of stability analysis. Major dimensions of alternative sabo
dams are shown in Table F.4.1.

4.3.3 * Cost Estimate

Construction cost of alternative sabo dam is estimated on the following conditions:
(1) . Construction works are to be executed by contract. '
(2)  Price level is as of August, 1996.

(3)  Exchange rates used to convert foreign currency into local currency are US$1.0 = 26.0
Pesos = 103 Yen (1.0 Peso = 4.0 Yen). :

{4)  Main construction cust consists of costs for pieparatory works, main civil works and
miscellancous works. Preparatory works cover the establishment of contractor’s site
offices; water, power supply and communication systems; topographic survey and soil
investigation; transpostation of construction equipment; installation of concrete
production plant; ete. This cost for preparatory works is estimated as about 10% of
cost of main civil works and miscellaneous works. '

@ (5)  Cost of main civil \\'6rk§ consisting of excavation and concrete works is estimated by
nultiplying work quantities by the respective unit costs.

{6) Miscellancous works covers cobstruction and nmnlemnm, of tu‘nporar\' rmds
cofferdams and scaffold, and minor civil work items including waterstops, drainage
“pipes of dams, cte. Cost of nuscclhneous \\orLs is estimated as 15% of cost of niain
civil works.

{7) ~ Unit cost of work comprises dircct costs of materials, labor and cquipment, and
indirect costs of contractor's expenses, overhead, profil, insurance, field supervision,
tax, ctc. ' '

(8) ~ Govemment administration cost is assumed at 3% of main construction cost.

{9) Costof Cngmuenng services cov ermg detailed design and construction supcms:on of
the project is estimated as 10% of main construchon cost.

{10) Phssical contingency is assumed as 10% of main constructiot cost, administration cost
- and engineering services cost. '

@ ' {11) Major works, in principle, will be executed as fol[m\s

(a) Furst, cofferdams using mubed ‘material :md sand bngs are tcmpomnh
constructed to divert the river course by to a lnlf width of the river. Then,
excavation and concrete works are executed.

(b) Excavation work wilt be done using backhees (0.6 m* class) and excavated
materials (gravel/boulder) are hauled upstream of sites by dump trucks (11-ton).

{c) Concrete will be produced at plants (0.4 to 1.0 m® capacity) to be installed nearby
tsing riverbed materials as concrete aggregates. Ready mix concrete is
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transported by truck mixcrs to dam sites and poured by using truck cranes (13-16
ton class).

Consiruction costs of alternatives are estimated as shown in Tables F.4.2 and F.4.3.

44
4.4.1
t

)

Optimum Sediment Control Plan
Optimum Plan

Comparison of Construction Cost |

The alternatives have almost the same sediment control effects. To determine the
eplimum combination of the sabo damis, the construction costs of altematives are
compared in tenns of present value.

The present value is calculated under the following conditions:
{a) Discount rate is 13%: and

{b) A secries of sabo dams are constructed stage-wise. The upper dam is constructed
" 10 years afler the construction of the lower dam.

The caleulated constnuction costs are shown in Table F.4.2. The gross construction
costs of alternatives and their present value are summarized below.

~(Unit: million pesos)

River . Single Dam Alternative | Series of Dams Alternalive
. . Gross Cost - Present Value Gross Cost Present Value
.Cura . $2.0 £2.0 197 61.0
Labugaon = 1400 91.6 140.0 91.6
Solsona 8.9 51.6 889 - 51.6
Madongan 63.7 65.7 - 169.4 81.5
Papa . 659 659 84.9 59.4
Bongo 673 - 673 - J05 - 33.2

Optimom Development

As evident from the above table, a single dam is more appropriate for the Madongan
River while a serics of dams is more applicable for the Cura and Bongo rivers.

For the Papa River, a serics of dams is more cconomical than a single dam in terms of
‘the present value. However, the cconomical advantage is negligible. Hence, a single
-dam is recomimended for Papa River, :

+ The optimum sabo dam development is summarized below.
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4.4.2

M

River Dam Ddm Height Design Volume

Site  (m) (10° n’)
Cura No. 1 6.3 391
No. 2 4.3 130
Labugaon No. 1 10.0 1,043
No. 2 70 511
Solsona No. I 10.0 233
. No. 2 10.0 233
Madongan  No. | 7.0 2,192
Papa No. 1 7.0 707
Bongo No. ! 63 361
No. 2 4.0 137
Total 3,958

Structural layouts of ter (10) optimum sabo dams selected are shown in Fig. F.4.d.

Construction costs of the ten (10) optimum sabo dams are summarized as follows.

{(Unit: million pesos)

Sabo Dam Main Adm. Cost  Engincering ~ Physical Tolal
Constructio Cost Contingenc
n Cost : y -
CuraNo. 1 43.4 2.2 43 5.0 549
CuraNo. 2 19.6 1.0 2.0 22 24.8
L.abngaon No. | 39.8 30 - 6.0 6.9 73.7
LabugaonNo.2 309 S 25 5.1 ‘38 64.3
Solsona No. 1 311 1.6 3.1 : 3.6 394
Solsona No. 2 - 391 20 39 4.3 495
Madongan _ 519 26 5.2 60 657
- Papa ' 52.1 2.6 3.2 6.0 639
Bongo No. | . 375 19 18 4.3 47.5
Bongo No. | 182 09 1.8 - 21 23.0
Total : 403.6 203 40.4 46.4 5107

Verification of Sediment Control Effect

Variation of Sedinicat Control Efficiency

The sediment control efticiency of sabo dam can reasonably be defined as the ratio of

-the sediment discharge capacity at the fan'apex to the sediinent outftow from the sabo

dam. The control efficicncy is larger than the design one (100%) until the
sedimentation of sabo dam reaches the design scdimentation volume. Even after the
design sedimentation volumg is reached, a considerable extent of control efficicncy will
be maintained. - ' ' ' '

The variation in the sabo dam control efficiency in the respective rivers are caleulated
by defining the control efliciency as follows:

Control Bfficiencey = {Q i - Q o) / (Q in - Q ws0)
Whete, Qi Scediment inflow to sabo dam

Q .. : Sediment outflow fron sabo dam
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2

Q .pex @ Sediment discharge capacity at fan apex

Change of the control efficiency and sedimentation slope in each river is illustrated in
Fig. F.4.5. As cvident from the above figure, the control effect of the sabo dams will be
mainiained for a long time, Efficiency in all target rivers will be maintained more than
75% even after 30 years.

Control of River Bed Aggradation

The height or sedimentation volume of the sabo dams are designed to control the
annual aggradation rate of the riverbed in the alluvial fan rivers to less than
2.5 ecm/year throughout the 20 years of project life. The estimated average annual
ageradation rates for 20 years in case with and without the project are compared as
follows.

“River __Average / Annual Ageradation (cmfyear)
" Without Sabo Dam With Sabo Dam
CurafLabugaon 30 0.7
Solsona/Madongan 31 ' 25
Papa 4.8 23
Upper Bongo 1.6 - 0.6

The above riverbed aggradattons will be further decreased by the ongomg reforestation
projects and the sediment s;cvmg eftects of the sabo danis.
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Table ¥.4.3(1) Construction Cost of Alternative Sabo Dams (Breakdown)

Single Dam: (1) Cura Sabe Dam No.1 Unit:pesos
Work ltem Unit Quanlity Unit Cost Amount
§. MAIN CONSTRUCTION COST 64,900,825
1.1 Preparatory Works (10% of 1.2+ 1.3) ls 5,800,075
1.2 Main Works 51,305,000
(1) Structure Excavation{Gravel/Boulder) m3 11,800 75 885,000
(2} Structure Exca»'gtion(Rock) m3 500 340 170,000
(3) Concreting Works m3 20,100 2,500 50,250,000
1.3 Miscellancous Works (15% of 1.2) s 7,695,750
2. ADMINISTRATION COST (5% OF 1) Ls 3,245,641
3. ENGINEERING SERVICES COST(10%:0OF 1.) ls 6,450,083
4, PIlYSICAL CONTINGENCY COS'L' {10% OF i, 2 & 1) Ls 7,463,595 -
TOTAL 82.099,514
Single Dam: (2) aiadﬂng’an Sabo Dam No.l Uﬁit:pesos
“Work ftem - Unit. Quamils' Unit Cést  Amount
1. MAIN bONSTRUCTlON COST . "51,853.615
1.1 Preparatory Works {10% of 1.2 + 1.3) Ls 1,713,965
1.2 Main Works 40,991,000
{1) Struclure Exca\‘ation(Gra\‘elféouIdcr) m3 11,400 73 35.5.000
{2) Steucture Excavation{Rock) m3 100 340 136,000
{3) Concreting Wotks -m3 16,600 2,500 40,000,009
: I3 Miscellancous \%.'orks:(l %a0f1,2) s 6.148,630
2. ADB1]NIST&\TFQN COST (5% OF 1.) Ls 2,392.681
3. ENGINEERING SERVICES COST (10% OF 1) Is 5.185,362
3. PHYSICAL CONTINGENCY COST (10% bF 1,2.&3) s 5,963,166
TOTAL 65,594,823




Table F.4.3 (2) Construction Cost of Alternative Sabo Dams (Breakdown)

Single Dam: {3) Papa Sabo Dam No.1 Unit:pesos
Work Hem Unit Quantity Unit Cost Amount
1. MAIN CONSTRUCTION COST - 52,065,503
1.1 Preparatory Wosks (10830l 1.2 + §.3) ls 4,733,228
1.2 Main Works 41,158,500
(1) Structure Exca\'ation((ira\'eIJBouMet) mi 13,300 73 712,500
{2) Structure Excavation{Rock) _ m3 00 30 136,000
(3) Concreting Works mi 16,100 2,500 49,250,000
1.3 Misceltaneous Works (15% 0of 1.2} Ls 6,173,775
2. ADMINISTRATION COST (5% OF 1) Ls 2‘603.,275
3. ENGINEERING SERVICES COST (10% OF 1.) ls - 5,206,550
4. PHYSICAL CONTENGENCY COST (10% OF 1,2.& 3) s 5,682,533
fOTAL 65_.862,86!
' Single Dann: (4) Bongo Sabo Dam No.1 ~7 Unitpesos
Work {tem | Unit Quanlity - Unit C_ost. Amount
1. MAIN CONSTRUCTION COST $3,231,200
1.1 Preparatory Works (10%0f 1.2 +1.3) s | 1,839,200
£.2 Main Works | 42,080,600
{1) Structure E.\'ca\"alion((ira\'r:I/BOUh-icr) } m3 8,800 75 - 660,000
{2) Structure Excavation{Rock) m3 500 340 _ 170,000
{3) Concreting Works . m3 . 16,500 _ 2,500 - 41,230,000
1.3 Miscellancous Works (15%0f 1Y) . Is | 6,3!2,0(50
2. ADMINISTRATION COST;( 2% OF 1) Ls .2.66'I,.S60
3. ENGINEERING SERVICES COST (102 OF 1) ls 5,323.!20. .
4. PHYSICAL CONTINGENCY COST (10%0F 1,2. & 3) s - 6,121,588
TOTAL 67,337.4.68
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Table F.4.3 (3) Construction Cost of Alternative Sabo Dams {(Breakdown)

Series Dams: (1) Cura Sabo Dam No.1 Unit:pesos

Work llem __Unit Quanltity Unit Cost Amount
1. MAIN CONSTRUCTION COST 43,350,918
1.1 Preparatory Works (0% 0of 1.2+ 1.3) Is 3,240,993
1.2 Main Works 34,269,500
(1) Structure Excavation(GravelBoulder) m3 8,900 75 667,500
{2) Structure Excavation(Rock) m3 300 340 102,000
(3) Concreting Works ) m3 13,400 2,500 33,500,060
1.3 Miscellaneous Works; {15%0f 1.2} s 5,140,425
2. ADMINISTRATION COST (5% OF 1) T ls 2,167,546
3 ENGINEERING SEF.?;_VIC ES COST(10% OF 1) s 4,335,092
4. PHYSICAL CONTINGENCY COST(10% OF 1., 2. & 1) ls 4,983,356
TOTAL 54,838,911

Sérieé Dams: (2) Cura Saba Dam No.2 Unit:pesos

Work Item o Unit Quantify. - Unit Cost . Amount

1. MAIN CONSTRUCTION COST 19,554,416
1.1 Préparatory Works (12%0f 1.2 + 1.3) s 2,095,116
1.2 l\_lain Works - 15,182,000
(1) Steucture F.xcarat;on(Gra;»emouzder) _ m3 4,400 75 330,005
¢ (2) Structure Excavation(Rock) m3 300 340 102,000
" (3) Conceeting Works : m3 5,900 2,500 14,750,000
1.3 Miscellancous Works (152 o 1.2) s 2,277,300
2. ADMINISTRATION COST (5% OF 1) s 977,721
3. ENGINEERING SERVICES COST (10% dF 1) s 1,955,442
© 4. PIFYSICAL CO)HL\‘GENCY.CO.ST(IO%OF 1,2.&3) s 2,248,758
TOTAL 24,736,336




Table F.4.3 (4) Construction Cost of Alternative Sabo Dams (Breakdown)

TOTAL

Series Dams: (3) Labugaon Saboe Dam No.l Unit:pesos
Work Hem B Unit ~Quanlity Unait Cost Amount
1. MAIN CONSTRUCTION COST 59,826,910
1.1 Preparatory Works {10% of 1.2 + 1.3) s 5,438,810
i.2 Main Works 47,294,000
(1) Structure Excavatio{GravelBoulder) m3 11,200 75 . 840,000
(2) Strocture Excavation{Rock) m3 600 340 204,000
(3} Conereting Works m3 - 18,500 o 2,500 46,250,000
1.3 Miscellancous Works (15% of 1.2) s 7,094,100
2. ADMINISTRATION COST (5% or1) bs 2,991,346
3, ENGINEERING SERVICES COST (102 0F 1) Ls 5,982,691
4. PHYSICAL COﬂTlNG ENCY COST (10% OF 1., 2. .& 3} s " 6,880,095
 TOTAL ?5,631.041
'_Serlcs Dams: (4) Labugaon Sabo Dam No.2 Unit:pesos
| Work Itém Unit Qucml.it}'. Unit Cost Ar.n.ou nt
1. MARN CONSTRUCTION COST 30,861,408
1.1 Preparatory Works (12% of 1.2+ 1.3) Is S,-HQ._’J?SS
1.2 Main Works | | 39,491,000
(!}:SlrUdure Excavation{Gravel Boulder) m3 ' 11,460 : 73 $53,000
"(2) Structure Excavation{Rock) m3 400 30 0 136,000
{3) Concreting Works m3 15400 2500 38,500,000
1.3 Miscellancous Works (15% of ) 1s '5,923,650.
2. ADMINISTRATION CO:ST( 250F 1.) s 2,543,220
3. ENGINEERING SERVICES COST (1022 OF 1) Ls . 5,086,441
3. PHYSICAL CONTINGENCY COST (10% OF 1., 2. & 3} s 3,849,407
61,313,476
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Table F.4.3 (5) Construction Cost of Alternative Sabo Dams {Breakdown)

Series Damst (5} Solsona Sabo Dam Ne.1 Unit;pesos
Work ftean Unit Quantity {Unit Cost Amount

. MATN CONSTRUCTION COST 31,135,445
11 Pfe-p:xrurory Works (10% of 1.2+ 1.3) Ls 2,330,495
1.2 Main Works 24,613,000
{1) Structure Excavation(Grave'Boulder) m3 5,000 75 375,000
{2) Structure Excavation{Rock) m3 109 340 238,000
{3) Concreling Works m3 9,600 2,500 24,000,000
1.3 Miscellancous Works (15% of I.2S Is 3,691,950
2, ADMINISTRATION COST (5% OF 1) Ls 1,556,772
3. ENGINEERING SERVICES COST (10% OF 1) Ls (3,113,545
4. PHYSICAL CONTINGENCY COST (0% 0F 1., 2. & 3.} 1s 3,580,576
TOTAL 39,386,338

" Series Dan.ls: .(6) Solsona Sabo Dal’l.l No.2 'Unil:pesos

Work ftem’ Unit Quamil}; Un.il Cost " Amount
1. LﬁAIN CONSTRUCTION COST | : 39.142;326 |

1.1 Prcpareléry.\\'orks (12%0f 1.2+ 1.3) ls 4,193,820
1.2 Main Works 30,390,000
| {1} Steucture Excavalion(Gra\'.eLdeuldtr) md ._4,000 75 300,000
_ {2) Structure Ex_eavalion(RQck) m3 SKe00 o 30 340,000
{3) Concreting Works m3 1,900 - 2,500 29,750,600
1.3 Miscellancous Works (153% ¢f 1.2) is 4,558,300
2 ADM[NIST.RATIION COSY (5% OF 1) i.s 1,957,116
3 ENG.ENEERL\'G SERVICES COST(10% OF 1.} is 31914232
4. PHYSICAL CONTINGENCY COST(16% OF 1., 2, &.3.) s 4,501,367
TOTAL 49,515,035




Table ¥.4.3 (6) Construction Cost of Alternative Sabo Dams {(Breakdown)

Series Dams: {7) Madongan Sabe Dam Ne.1 __Unitpesos
Work Hem Unit " Quantity  Unit Cost Amount

I MAIN CONSTRUCTION COST 41,624,825
1.1 Preparatory Works (10% 0f 1.2+ 1.3) - is 3,784,075
1.2 Main Works | 32,603,000
{1) Structure Excavation{Gravel/Boulder) : m3 9,800 75 735,000
{2) Structure Excavation(Rock) -m3 - 5060 40 170,000
(3) Concreting Works m3 12,800 2,500 32,000,000
1.3 Miscellancous Works {15% of 1.2) . s 4,935,730
2. ADMINISTRATION COST (5% CF 1) Is | 0 2,081,241
3. ENGINEERING SERVICES COST {10% OF 1.} o Is 4,162,483
4. PHYSICAL CO..\iT[NGENC.Y COST(10% OF I?, 2.&3) “ls .- | 4,736,855
TOTAL - _ 52,655,401

Seri_es Dams: (8) M_adongén Sabe DamNo.? . e -_._gnitipcsos.

'.\.'o.rk Iem S Unit . Quantity Unit Cost A.moum

1. MADY CONSTRUCTION cosY | L y 92,255,576
L1 Preparatory Works {12% 0f 1.2 + 13} ' s ' | 9,881,526
1.2 Main Works . . . . 7l,§27,000
(" Slr'ucture Excavation{Gravel/Boulder) - ' m3 . 17,060 | 75 1,275,000
(2) Structure Exca_\'alipn(Rock) ) m3 300 A 102,600
" {3) Concreling \\'or{(s -~ - m3 : 23100 2,500 70,250,000
@ 1.3 Miscellancous Works (15% of 12 | s . 10,744,050
2. ADMINISYRATION COST (5% OF 1) o is o '_ Y I PRAL
3. ENGINEERING SERVICES COST (16% OF 1) | s T essss
4. PHYSICAL CONTINGENCY COST (103 0F 1. 2. & 3) Ls 10,609,391
TOTAL _— 116,703,304
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Table F.4.3 (7) Constructlon Cost of Alternative Sabo Dains (Breakdown)

Series Dams: (9) Papa Sabo Dam No.l Unit:pesos
Work ltem Unit Quantity Unit Cost Amount
1. MAIN CONSTRUCTION COST 40,302,268
1.1 Preparatory Works (10% 0 1.2 + 1.3) Is 3,663,843
£.2 Main Works 31,859,500
(1} Structure Excavation{Gravel/Boulder) m3 10,100 - 75 751,500
{2} Structure Excavation{Rock) m3 300 310 102,000
{3) Concreting Works m3 12,400 2,500 31,000,000
1.3 Miscellancous Works (§5%0f 1.2) Ls 4,778,925
2. ADMINISTRATION COST (5% OF 1.} Ls 2,015,113
3. ENGINEERING SlERVlCES COIST (103 0r 1.) Ls - 4,030,227
9. f’]lYSICAL CONI':IT‘.!GENCY COST{10%0OF 1.,2. &3) l.s. 4,63.4,76I
TOTAL 50,082,368
‘Serics Dams: (10) Papa Sabo Dam No.2 = Unit:pesos -
| “Work ftem Ur;it . Quanlity UnitCost ~ Amount
1. MAIN CONSTRUCTION COST 26,778,164
L1 Preparatory Works {12% 0f 1.2 + 1.3) Ls 2,869,089 |
1.2 Main Works | 20,790,500
(I_) Sﬁuclure ﬁxca\'alion(Gra\‘eUBoulder) m3 6,300 5 472,500
{2) Structure Excavation{Rock} m3 200 340 68,000
(3) Conereting Works m3 8,100 2,500 - . 20,250,000
1.3 Miscellancous Works (15% of 1.2) Ls 3,118,575
2. ADBiIN[S]’R:\TlON COST (5% 0OF 1) ILs .I,33S,908
3. ENGINEEE&ING SERVICES COST (10% OF 1) Is 2672316
4. PHYSICAL CONTINGENCY COST (10% OF 1., 2.& 3) s . 3,079,489
TOTAL 338714377
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Table F.4.3 (8) Construction Cost of Alternative Sabo Dams (Breakdown)

Series Dams: (11} Bongo Sabo Dam No.1 Unit:pesos
Work ftem Usit Quantity  Unit Cost -Amount
1. MAIN CONSTRUCTION COST 31,540,140
1.1 Preparatory Works (10%0f 1.2 + 1.3) s 341,740
1.2 Main Works © 29,676,000
{1} Steucture Excavation(GraveV/Boulder) m3 7,200 ST 54ﬁ,000
{2) Structuce Excavation{Rock} - m3 400 340 " 136,000
(3) Conereting Works m3 11,600 - 2,500 _ 29,000,000
1.3 Miscellaneous Works (13% o 1.2) bs 4,451,400
2. ADMINISTRATION COST (3% OF 1.} s 1,877,007
3. ENGINEERING SERVICES COST (IID% OF 1) Is 3,754,014
4. PHYSICAL CONTINGENCY COST (10% OF 1.,2.& 3)) ls - 4,317,118
__TOTAL - 47,488.271
Series Dams: (12} Bongo Sabo Dam No.2 -._Uni&:pcso.s.
Work Iltem Unit Quamilyz Unit Cost _Amount
1. MAIN CONSTRUCTION COST 18,203,304
1.1 Preparatory \\’orks(IIZ% of 1.2+ 1.3) ) ls 1,950,354
1.2 Main Works 14,133,000
(1) Structure Excavation{Gravel Boulder) m3 4.200 15 315000
{2) Structure Excavation{Rock) m3 200 340 T 63,000
{3) Concreting Works ‘m3 5,500 2,500 . 13,750,000
1.3 Miscellanzous Works (15% of I.) Is .2,1 i_9,950
2. ADMINISTRATION COST (3% GF 1) 1s 910,165
3. ENGINEERING SERVICES COST (IG% dF 1) s 1,820,330
4. PUYSICAL CONTINGENCY COSV (10% OF 1, 2. & 3.} Is 2.0§3.380
TOTAL 23,007,180
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Sediment Classification

Sediment Size Class Phi Scale [Sieve Sizg
. R (mm)
- [§mall Boulders Sto-§ | 256512
. JLarge Cobbles -310-7 | 128:256
Snrall Cobbles TJio-6 | 61-128
Very Coarge Pebbles Stp-5 | 32-64
Coarse Pebbles . <5104 16-32
. . Medium Pebbles ~110-3 8-16
@ : ) Fine Febbles -3 4-8
o Very Fing Pebbles <201 2-4
Very Coarse Sand 1100 -2
Coarse Sand 0l 1-0.5
MediunFine Sand and Silt 1< <05
Phi=-log, d
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{km2}) {cm) {eafs) | (m3fs) J{m3/s/km2)
Cura 69.5 15 348 185.0 2.66
Labugaon 100.5 20 40.2 2136 2.13
Solsona 79.0 25 45.0 84.2 1.07
Madonga 153.8 20 40,2 165.5 1.03
Papa 514 300 493 2064 4,02
Bongo - 57.0 15 48 49.6 0.87
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Initial Mevement of Avinour Layer in Each
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