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ABBREVIATIONS

1. NAME OF PHILIPPINE GOVERNMENT AGENCIES

AFCS ‘Agno River Floed Control
ARIS Agno River Irrigation System
DENR - Department of Environment and Natural Resources
DOTC : Department of Transportation and Communications
DPWH Department of Public Works and Highways
- GOP Government of the Philippines _
LATRIS Lower Agno and Totonogen River Irrigation System
NAPOCOR National Power Corporation |
NAMRTA National Mapping-and Regource Information Authority
"NIA National Irrigation Administration
0CD office of Civil Defense
PENRO Provincial Environment and Natural Resources Office
PM Project Manager
PMO Project Management Office
PNR Philippine National Railways
SMORIS San Miguel - O'Donnell River Irrigation System

2. NAME OF JAPANESE GOVERNMENT AND OTHER OFFICIAL AGENCIES AND ORGANIZATION

GOJ : Government of Japan

JICA ' Japan  International Coopération Agency
MoC Ministry of Construction, Japan

OECF Overseas Economic Cooperation Fund, Japan
UN United Nations

3. MEASUREMENT UNITS

(Length) (Weight)
mm millimeter(s) : Cgr(grs) gramme(s)
cm centimeter({s) ke (kgs) kilogramme(s)
mn meter(s) ton(s) ton(s},eq’vt £o
' 1,000 kg
km _ kilometsr(s) '
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ha(hés)

(Volume)

Cm3

mS

1tr

square millimeter(s)

square centimeter(s}

sguare meter(s)

square kilometer(s)

hectare(s)

cubic centimeter(s)

cubic meter(s)

liter{s)
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{Time)
sec
min
hr(hrs)
dy(dys)

‘mth(mths)

yr{yrs)

second(s)
minute(s)
hour{s)

day(s)

~month(s}

year(s)






1. INTRODUGCTION

The sediment analysis was performed to grasp the sediment balance and
riverbed fluctuation of the Agno River basin. The sediment discharge by
sediment sampling records, sediment yield from the upper river basins, and
gediment transport capacity in river channéls were estimated for the studies on

sediment balance.

- The -study results are to be used as the basic data for the . flood control

plan and the sediment control plan. The main study items are as follows:

a) Estimation of sediment yield from the upper river basins
b) Construction of sediment discharge rating curves:
c) Estimation of sediment transport capacity in river channels

*d) $tudy on sediment balance
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2, PRESENT CONDITIONS OF SEDIMENT PROBLEMS AND MEASURES

2.1 Present GConditions of the Basin

2.1.1 Slope Conditions in.the Basin

Through the field reconnaissance the preésent-slope conditions. were

identified and are summarized as follows:

Slopes in the upperinost stream

cover of grass and trees.

seem to be stable because of vegetation

Bare land and slightly vegetated land are observed in the vicinity of

the Ambuklao dam and the Binga

dam, mainly at the riverside.

Many erosions occur in National Highway No. 11 called  Kennon Road

and the Halsema Mountain Highway, -since the roads are being widened

have no slope protections.

A large amount of sandy deposits from volcanic sources are distributed

along the O’Donnell River.

2.1.2 Vegetative Cover

The vegetative cover of the Basin is not so good and the area of forest

land is only 13% of the whole basin.

taken in 1987 is summarized below:

Forest <1

Extensive Land Use <2
Intensive Land Use <3
Fishponds
Non-Vegetated Land

Total

Land use estimated from the aerophotos

Area (kmz) Percent (Z)
880 13
3,020 50
3,390 44

a0 1

160 2
7,640 100
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Note : <1 : This classification 'is different from that of Section 3.1.1.
<2 : Cultivated area mixed with brushland and grassland,
grass covering >70%.
<3 : Arable land, mainly cereals and sugarcane, crop land mixed with

‘coconut and other plantations.
The distribution of land use is illustrated as Fig., 2.1,
2.2 Sediment Problems and Measures
2.2.1 Dam Reservoirs

There are ‘existing two hydropower dams, Ambuklao dam and Binga dam in the
upstream of "the -Agno "River.  'Large quantities of sediment produced in the
watershed flow into”the reservoirs, and sedimentation in the dam reservoirs is

a serious problem for both dams.

The Ambuklao dam which is situated in the upper reach-started operation in
1956, and has the original capacity of 329,000,000 m> with a usable storage of

3

258,000,000 m3.and~a:dead storage of : 71,000,000 m”. -The Binga dam which is

some 10.0 km downstream of Ambuklao started operation in 1960 and has a maximum

3 3

capacity of 87,443,000 m~ with a:usable storage of 48,200,000 m~ and a dead

storage of 39,443,000'm3. From the result of the survey in 1986, the remaining

volume of 221,000,000 m> of the Ambuklao réservoir and 56,119,000 m3 of the
'Biﬁga reservoir-would be filled up with sediment in about 63 years and 40 years
respectively. For the remaining dead storage, it will take around 3 years for

Ambuklao and 14 years for Binga to be full of sediment.

Theé records of sedimentation in the two reservoirs are shown in Table 2.1,
and the annual specific sedimentation rate is as high as'S,OOO'mBIkmzlyr for

Binga dam and 6,000 mglkmzfyr for Ambukiao dam.

The ‘inflow of -sediment ihto the power intake -of Ambuklao dam causes
3blbcking'of the éoéling ﬁater pipe and abrasion of the turbines. In addition,
power .generation by the Ambukiao Hydropower Station has been affected due to
the fising riﬁérbed at the upstream end of the Binga dam reservoir where the

outlet of the power station is installed.
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In 1988-1989, the JAPAN INTERNATIONAL  COOPERATION AGENCY (JICA) conducted
studies to rehabilitate the 'two dams and proposed the following

countermeasures:

- The relevant river course for dredging is proposed for a length of 1,500
m downstream of the outlet of the existing tailrace tunnel, dredging

depth of 0.6 m to 1.0 m and dredging width of 25 m to.100 m.

- MNew intake structure is comstructed and operated instead of the existing

intake structure.
2,.2.2 Irrigation Systems

There are ten national and many communal irrigation. systems existing in the
Pangasinan plain, and they take water from the Agno River ‘and the tributary and
allied'rivers.. The locations of national irrigation systems are presented in
Fig.2.2 and’" the existing conditions of sedimentation in the systems are

tabulated ithable 2.2,

‘Except” for Sinocalan River Irrigation system, which takes in water from the
"Sinocalan River, desilting in the canals is =almost yearly conducted, ‘The
desilting volume in Agno River Irrigation System (ARIS) canals, however, is
decreasing: due to a limitation of budget, consequently . the canals became
shallow and their flow capacity decreased. - 'Thus,:aS'of71988 the irrigated
area in the wet season was reduced t0'2,i09 ha from the original design of
18,500 ha.. The annual transition of desilting activity and irrigated area for
ARIS and Lower Agno and Totonogen River Irrigation System (LATRIS) are shown in

Tables 2.3, 2.4 and Fig. 2.3.

(1) Sediment Component

Sediment in the main and lateral canals of ARIS and LATRIS were sampled}
and the gradation and specific gravity tests were =~ conducted din’ the STUDY.
The test. results are-tabulated in Table 2.5,-and-the- sam?ling sites and - the
particle size accumulation curves are -given. in Eig}i.a and-_Fig;QQS

respectively.
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Sediment in the upper stretches of main canals nearer to the intake dams
are mainly composed of coarse sand but in the lower stretches and lateral
canals fine sands are main components. Sediment in the canals - of ARIS are
comparatively coarser than those of LATRIS since ARIS intakes water 20 km
upstream from the LATRIS intake dam.

Finer particles such as silt flow into paddy fields through the
lateral canals together with irrigation water. In order to control
sedimentation, farmers of ARIS area set up a settling basin by reshaping a
small portion of their paddy field of which inlet connects directly to farm

ditches or lateral canals.
(2) Estimation of Sediment Volume in Irrigation Systems

_ For ARIS and LATRIS, of which data availability is comparatively good,
the volume of sedimentation in the systems -is estimated by considering the
transition of desilting volume and irrigated area. The annual sediment:volume
is 480,000-m3-for ARIS and 60,000 m°> for LATRIS. The breakdown and process of

e'stimat_:ion is presented in Table 2.86.
2.2.3 . River Channels

Large quantity of sediment is deposited in the transition portion between
the mountain area and the plain, and in the lowest reaches near the river
mouth. It causes increasing the river bed and decreasing the flow area of the
river channel. Dredging and excavation works has been conducted to widen the
river  channels and!or construct a new channel, while some of river bed

materials such as boulder, gravel and sand are used for construction materials.
(1) . Dredging and Excavation of River Channel
Agno Fiood Control System (AFC5) has conducted dredging and excavation
works since 1981. The location map of dredging and excavation activities is
presented in Fig. 2.6, and their volume.is tabulated in Table 2.7,
. The. total volume of drgdging'aﬁd”excavatidn is about two million cubic

meters for four yeérs from 1986 to 1989. Dredging works are undertaken in: the

Agno River, the Panto River and the Tarlac River while excavation are done in

-'sn.s-' ,



the Agno River, the Banila ~River, the Viray-Dipalo River and the Ambayoan
River. In case of the Agno River main course, dredging works are conducted at
the river mouth in these ye¢ars. The annual amount“of'200,000-0r-300,000-m3

sediment was dredged in 1988 and 1989,
{2) Riverbed Materials Extraction for Construction Use

The annual volume of extracted riverbed materials amounts to approximately
500,000 m> as shown by the survey of AFCS in Table 2.8. The extraction sites

are shown in Fig. 2.7. -

The annual extraction volume from the Agno River downstream of San Roque in
the alluvial fan was recorded at 90,000 m3 of sand and gravel.

(3) Riverbed Fluctuation in the Existing Channel

. Cross section ‘survey was conducted in;Décemher-IQSL-andEMdy 1989 ‘for the
Agno River main course, the Tarlac River -and the Banila River. = The tendency of
riverbed fluctuation can be verified in terms of sediment deposition volume in
each river stretch. The volume is calculated by comparing these cross sections
and considering the volume of dredged/excavated and extracted riverbed
‘materials shown in Table 2.9. The deepest riverbed fluctuation and annual
sediment volume of existing channéls are illustrated in Fig. 2.8.  There +is no

available data showing sediment conditions in other river channels.

The Agno River main courseis .broadly divided into ‘aggradation section ‘and
degradation section according to riparian sedimentation. The former is located
from the river mouth to the confluence with the Tarlac River and Santa Maria to
San Manuel, and the latter is observed between WaWa and the upper portion of
Carmen Bridge in Rosales. Sediment from the Tarlac River has a ‘tendency to

deposit abundantly around the Poponto Swamp.

The Banila River is divided into two portions, same as the Agno River.
Between the confluence with the Agno River and approximately 10 km ‘upstream
lies a sediment transportation section. Toward its upper stream, the riverbed

" is gradually rising. -
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2.3 Mining Activities and Disposal Systems
2.3.1 ‘Mining Activities and Disposal Systems

The southern area of the Cordillera Central Mountain Range is fhe most
important mining district in the Philippines and dotted with many copper and
'gold mines as shown .in Fig.2.9. At - present: there are four (4) mining
companies, i.e., Philex Mining Corp., Benguet Corp., Itogon-Suyoc Mines Inc.

and Benguet Exploration Inc. are operating in this area,

It has been reported that great quantities of mine tailings yielded by the
mining activities flow into the irrigation éystems of Pangasinan thfough the
Agno River or the Bued River, cause a blocking of canals and affect the growth
of crops. The countermeasures as well as the investigation on the relationship
between the mine tailings and sedimentation in the irrigation systems has been

a great social problem.

. A series of site reconnaissance over the mining area and tailings dams of
the four mine companies was conducted in’ the period June to: September, 1989.

The inspection results are described below:

- Main disposal systems are provided to impound mine  tailings in the

tailings dams or ponds.
- A diversion tunnel is provided at the upstream end of each pond, water
“from the upstream is diverted directly into the downstream of the dam,

"not flowlng into the pond.

- Water discharge in the catchment dam is drained through a penstock or

spillway.

The present state of these mining activities and the disposal systems are

_summérized.in*Table 2.10. -
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2.3.2 Government Regulations

Mining activities are regulated by Presidential Decree 463 ( " Mineral
Resources Development Decree of 1994 *) proclaimed in 1974 and * Consolidated

Mines Administrative Order, rules and regulation' implementing P.D. No. 463 ",

As for the environmental protection, Section 42-B " Environment Protection
in Mining Area * of the administrative order regulates the treatment of
abandoned mines, mine wastes, mine tailings and water quality. The summary is

as follows:
(i) Surface Mining

-~ Surface soil before mining shall be saved to be used for re-
soiling or as soil cover on waste dumps, slopes, mine tailings

covered area.

- Mine wasteédumps shall be located away from major drainage

system.

- Appropriate control meagures shall be provided in order to

prevent spilling, slides gndlor washing away.of mine wastes,

- Mine waste-dumps, and. tailings-covered area shall be prepared
to- render them suitable either for agriculture, forestry,
-gardening, cottage industry or human'settlément.purpose’before

abandonment.

- Completely mined-out areas shall be rehabilitated before
abandonment €for possible development into agricultural,

industrial, commercial or residential purpose.

- Mine waste-dumps, tailings-covered areas and completeiy mined-
out ‘areas where improvement for _agricﬁltural, industrxial,
commercial or human settlement purposes are not technically

feasible shall be revegetated or reforestated.
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- For the above purpose all mine/quarry operators shall

establish their own vegetable and forest tree nurseries.
(ii) Underground Mining

- All underground opening that had been abandoned shall be

-filled or developed to prevent subsidences.
(iii) Mill waste énd Tailings Disposal and Water Conservation

-~ All mine/quarry -operators are prohibited from directly or
indirectly disposing ‘tailings or mill waste inte natural

‘drainage systems

- Impounding of mill tailings shall be far from watershed area
and free from spillage, slides andfon washing-away  of

tailings,

- All mine tailings-covered areas must first be resold, cover-
cropped or reforested if found not suitable for agricultural,

industrial or commercial use.

-~ Mill effluents shall be treated so that obnoxious odor and

poisonous chemicals are removed before disposal.

- MininQ-Company shall &ll times conserve water by recycling,
developing and maintaining watershed areas, by reforestation

and by constructing water reservoirs.
. (iv) Forest Conservation

- It shall be the responsibility and duty of all lease holders,
claimowners, permittees, licensees, operators and
conéessionaires to reforest, afforest and protect resources
covered'by miniﬁg claims from encroachment and other forms of

destruction.
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. In accordance with the abovesaid regulation, in September 1989 Department
of FEnvironment and Natural Resources (DENR} ordered Benguet Corp. to stop
operation of its three major open pit mines ( 44 Vein, Little Corporal, 3 Vein)
of which huge quantity of dissolved solid wastes had - been flowing into the

Antomok River causing pollution and siltation.

2.4 Existing/On-going - Reforestation, Erosion Control and Watershed and

Rehabilitation Plans
2.4.1 Reforestation Plans

The Government of the Philippines (GOP) is proceeding: reforestation as a
measure against sedimentation in dam reservoirs and irrigation systems, The
outline of existing and on-going reforestation plans are presented in Table

2.11, and their locations are shown in Fig.2.10.

In 1989 an area of 2,793 ha is being reforestated, while the total
remaining area to be planted-as of 1988 is as much as 49,008 ha, and it is
"understood how long term and large budget will be required’ to cover the whole
basin with forest. 1In addition, even the mdintenance arnd protection of present
forest against the damages such as fire, illegal logging “and charcoal making
and illegél gathering of firewood are still in the difficult condition.
According to the research of the Provincial Environment and -Natural Resources
Office (PENRO), DENR, some 390 ha is annually reforestated ‘but some 870 ha

forest is lost due to those damages in Pangasinan,

In 1989 National Power Cooperation (NAPOCOR) made an agreement with DENR to
cooperate in reforestation of the upper Agno River basin upstream from the
Binga dam. Moreover, National Irrigation Administration (NIA) and DENR agreed
to undertake the Balog-Balog Watershed Contract Reforestation Project, in which
a total area of 9,165 ha within the watershed of Balog-Balog Dam is proposed to

be reforestated in the period of 1989 to 1994.
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2.4.2 Erosion Control and Watershed Rehabilitation Plans

As treatment works of bare lands and. gullies, such structures as check
dam,retaining wall and wattling as well as vegetative measures have been
adopted. The existing / on-going erosion control and watershed rehabilitation

plans are presented in Table 2.12 and Fig. 2.10.

These prdjects are all so small due to the limitation of budget that the

devastation of watershed seems to be prevailing the progress of those works.
2.5 River Mouth Clogging

- Excessive sedimentation at a river mouth may block river flow and be a
cause of overbanking. Moreover, it may hinder navigation of fishing boats,
Therefore, field investigations and interviews were conducted in this STUDY to
know the condition of river mouth clogging for the Agno River and the Allied

Rivers.

No serious.problem of river mouth clopgging has been reported for the Agno
River and the Allied Rivers, but sand bars are. developing at the river mouths
of the left course of the Agno River and the Cayanga River, and this may .be a
cause of clogging in the future. However, since data such asg current, wave,
bottom material and coastal topographical map -are not available, the cause.of.

development of the sand bars has not been clarified.

The transition of the shoreline along the Study Arez ig shown in Fig. 2.11

and the following is the result of field investigations for each river mouth.
(1) Agno River Main Course

| The Agno River bifurcates into the left and main courses some 5 km upstream
from the river mouth. The river mouth of the main course is at present 400 -
500 m Qide and.is becoming wider through side bank erosion caused by floods and

waves as shown in:Fig. 2.11, River mouth clogging is not found in this course.
 An Qld:residEnt reported that before 1940 the channel has been narrow with

a width of some 50 m and most of the floods had flown into the Lingayen Gulf

thfough the present left’ course and the Panto River; When dredging and widening
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of the main course was carried out to make a shortcut to the sea, floods came

to flow into the main course and the channel gradually became wider.

Moreover, large quantity of sediment flowing from the upstream seems to
extend the the river mouth towards “the sea. ~The annual extension tate
estimated by comparing the aerophotos taken in 1964 and 1989 is about 40 m/yr

at the left side.
(2) Agno River Left Course

As for the left course, the shoreline near the mouth is coming towards the
land since the supply of sediment from the upstream was reduced by the change
of main flow to the present main course. Comparing the aerophotos taken in
1964 and ‘1989, the withdrawal of the shoreline of ﬁhis left side is about 200 m
for 25 years. In order to prevent further erosoin, a breakwater is at’ present

being constructed along the shoreline.

Dredging was conducted from 1981 to 1984 to remove a sand bar that had
developed from the left side, but’ the sand bar from the opposite side, namely
the right side is developing and has narrowed the river width to only 10 m’at

present.
{3) Panto River

The width of the river mouth of the Panto River is stable at some 300 m
wide. However, the water depth sometimes becomes shallow due to sedimentation
and motorized fishing boats navigate along the deeper portion of the river
during the dry season. From 1987 to 1988, 1,500 m of the river channel was

dredged from 400 m upstream of the river mouth,

(4) Cayanga River

A sand bar is developing on the right side narrowing“the'rivef'mouth:with a
width of about 50 m. It was found through the interview with the residents ‘that
there is a big difference of river mouth between the dry season and- the wet
season. The river width is only 15 m in'the"dry'season;-butJit~bec0mb3”853m in
the wet season. However, no inundation caused by river mouth clogging hés‘yet

been experiénced because the sand bar is washed out during floéods.
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3. SEDIMENT YIELD AND BALANCE ANALYSIS
3.1 FEstimation of Sediment Yield
3.1.1 Natural Sediment Yield
{1) Sources of Sediment Yield
The sediment yield sources are categorized as set out below:
A. Natural Sediment Yield
al. erosion of ground surface
-a2, landfall, laﬁd‘91ide
a3. erosion of ;iver bed and channel

B. Artificial Sediment Yield

'bl. agriculture development, deforestation
b2. road construction

b3. mine tailings

In the watershed of the Study Area the main artificial sediment ‘yield
sources is presently considered to be mine tailings and the yield from road

construction is rather minor.

. For éstimating the natural sediment vield the sediment yield due to
agricultural development and deforestation is treated as existing condition in

the mountain area and thus included in a part of natural sediment yield.
(2)  Classification of Watershed

The watershed of the Study Area is divided into three, i.e., Southern
Cordillera mountains, Central Luzon Plain and Zambales mountains. It is assumed
that the Se&iment vield from the Luzon Plain is{negligible'and most of the
sediment come'from the Southern Cordillera mountains and the Zambales
: muuntaihs.:-The wateréhed of these mountain areas is classified into four for

assessing the potential sediment yield as shown in the following table.
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Classification

“Condition of

land

Tone in

aerial photograph

LANDFALL
(La)

BARE LAND
(Ba)

PARTIAL
FOREST LAND
(Va)

FOREST LAND
(Fa)

landfallflandslide area
without vegetation

(high yield)

bare land with almost
no trees and grass

{medium yield}

mixed with bare,landr-

and forestf{grass land’

_tlow yield)

fully covered with forest

-and grass (little yield) -

‘white or light

gray

light gray or gray

dark

{3) Natural Sediment Yield

The  watersheds of the Southern Cordillera mountains and ' the Zambales

mountains are divided into 37 {(N1-N37) sub-basins and 22 (51-522) sub-basins

respectively. The sediment yield potential:of these sub-basins are assessed in

terms of foregoing four classes by wuse of 1{60,000 scale aeridl photographs

taken in- 1980-1981,

Areas of these four classes are measured for each sub-basins and natural

sediment yield is estimated for each sub-basin by use of the formula defined

below.

Ns = La x Ld + Ba x Bd + Va x Vd + Fa x Fd
= (500 La + 50 Ba + 5 Va + Fa) x Fd
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Where,

NS : Natural sediment yield (mslyear)

La,Ld : Area and yield depth of landfall;
assumed Ld = 500 Fd

Ba,Bd

-

Area and yield depth of bare land;
assumed Bd = 50 Fd
Va,vd : Area and yield depth of partial forest land;
assumed Vd = 5 Fd
Fa,Fd : Area and yield depth of forest land

The yield depth of forest land (Fd) for Ambuklac dam and Binga dam is
counted backward to be 1.3 mm (Fd) from the recorded annual sediment yield at
both reservoirs; 3.71 x 106m3lyear for Ambuklao and 5.01 x 106m3lyéar for
Binga. The record of sediment yield at Ambuklao and Binga dams is shown in

Table 3.1.

.. The estimated natural sediment ‘yield "is shown :in Table 3.2 -for the
Southern Cordillera mountains and Table 3.3 for the Zambales mountains. The

aerial ‘distribution is shown in Fig. 3.1 and Fig. 3.2 respectively.

The estimated annual average natural sediment yield and sediment yield

rate are summarized below:

Average Average
Catchment Sediment Sediment
Area . Yield Rate
site . : (km?) (10%m3/y1) (m {km? fyr)
Ambuklao Dam | 617 3.3 5,400
~Binga Dam 860 5.3 6,100
San Roque Dam - 1,230 10.4 : 8,300
-Agnd River Basin (N17) = ' 1,310 10.7 - 8,100
Allied River Basins (N18-N37) . 975 7.8 8,000
Southérn Gordillera (N1-N37) -2,285 18.5 8,100

zambales (S1-522) : 1,949 . 14.4 7,400

* ; Mountain area only



3.1.2 Discharge of Mine Tailings
(1)} Production of Ore

As described in preceding Section 2.3, there are three major mine
companies in the Agno River basin. The annual average production of the ore in
the three companies is reported to be 10,837,000 tons, and their main disposal
systems are provided to deposit mine tgilings in the.tailings dams (See Table
2.10%. The volume of impounding the tailings dams and that df‘production of

the ore are almost same as presented'in Table 3.4.
(2) Monitoring Sediment Yield

The report, "Restudy of San Roque Multi-purpose - Project” (JICA, 1985)
dealt with. flow amount of mine tailings and monitored suspendend load at the
downstream: of major tailings dams. The annual suspended 1oad.at three stations
(B, C, D) located downstream of the major three mining area (see Fig. 2.9) is
estimated by use of the monitored records as shown in Table 3.5. The total
annual suspended load at these sites, which is composed of a part from natural
oriented and a part from mine tailings oriented, is estimated at 640,000 mglyr

{or 1,020,000 tonsfyr). .
(3) Sediment Deposited in ARIS

The results of the grain size distribution analysis of the sampled
sediment in the main and lateral canals of ARIS show that the major component
{about 90Z) of the sediment is sand {(larger than 0.42 mm). Over 60X of the
samples taken from the mine tailings dams, on the other hand, is silt and/or

clay (smaller than 0.074 mm) as shown in Fig. 3.3,
(4) Tailings Dam and Related Facilities
The inspection results in the STUDY suggest that treatment of mine

tailings was done fairly well and no particular ‘defects on tailings  dam

structures were observed at least during the inépection period.
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(5) Preliminary Assessment on Amount of Mine Tailings
“In accordance with the findings described in the foregoing sections it is
rather difficult to assume that the major source of the sediment deposited in
the downstream of San Roque in the Agno River; especially that  in. ARIS
irrigation facilities is mine tailings.
It can be inferred that the discharge of mine tailings will not affect
the lower reaches of the Agno river so seriously if the following conditions

are held:

1) The amount of ore is not over the present level i.e. order of
10,000,000 m>/year.

.2) - The present condition of the disposal system is continued or improved:

3) The amount of ore from illegal mines-is not increased.

That is, if the production of ore is increased in the future, it will be
neceéssary to improve the disposal system and to impose legal controls on the
illegal mines.

3.2 Sediment Discharge Rating Curve
3.2.1 Sediment Discharge Records
Sediment  discharge measurement has been conducted in the STUDY at the

water level gauge stations by using the bed load sampler provided by JICA. The

results are given as follows:

~-8D.17-



Date of : Water Bed Load

Station River ' Measurement Discharge

(m/s) . (ton/day}
Cabanbanan, Aloragat Oct. 13, 1989 : 1.5 13.1
Mansoag '
« Ditto - ~Ditto- . Oct. 20,1989 S290 Y . 103.7
Polacion, . Angalacan Oct. 10, 1989 63.1 405,2
Manaoag

In addition, suspended load sampling data, which were observed in the
Reétudy of San Roque Multi-Purpose Project”tOFfind’the existing coﬁditién of
mine tailings discharge from the tailing dams were collected. :The location .of
these measurement sites and the records of suspended load are given in Fig. 3.4

and Fig. 3.5, respectively.
3.2.2. Riverbed Materials

A total of 33 sampling sites for riverbed materials were selected along
the river course of the Agno River, its major tributaries .and the Allied

Rivers. Their locations and particle size are presented in Fig.3.6.

The particle size distribution of sampled materials were analyzed by
sieving and/or hydrometer analysis: The results are compiled in Table 3.6, and
Fig. 3.7 shows the particle size dccumulation. curves. - The distribution of

particle size in the Agno River is given in Fig.3.8.

Riverbed materials in the upper reaches of the Agno :River down to San
Manuel are composed mainlj of gravel and coarse sénd {(2.0-76.2 mm). Main bed
materials gradually change into sand from the beginning of the alluvial fan in
San Manuel to the confluence with the Tarlac River in WaWa (0.074+0.42 mm). In
WaWa and the river mouth, the components of sand and silt increase up to over
50Z. In the lowest reaches of the Agno River, the bulk of the sediment are

composed of silt (smaller than 0.074 mm).
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Riverbed materials in the alluvial fan of tributaries and the Allied Rivers
are composed mainly of gravel and coarse sand, similar to that of the Agno.
River. In the lower reaches of these rivers, however, sand is the dominant

component of the riverbed materials.
3.2.3  Sediment Discharge Rating Curve

Sato-Kikkawa-Ashida’s formula for the bed load and Lane-Kalinske's formula
for the suspended load are employed for the calculation of sediment discharge.
Both formulas are widely applied for the estimation of the bed load discharge
and the suspended load discharge respectively. Both formulas are expressed by

the following equation:

- . Sato-Kikkawa-Ashida’s formula

Qg = U3 | - Ps.F (tbltc)_' Cemmee (3.1)
(Ws /Ww-1)g '
Where,
Qp Volume of bed load per unit width per unit time (tons/day)
U* : Friction velocity (m/sec); U* = JgRIe
R : Hydraulic mean depth (m) |
Ie : Energy gradient
Ws : Density of sand (tonslmg)
Ww : Density of water (tcnslm3)
g : Acceleration of gravity; g = 9.8 mlsecz

n> 0,025 : Ps = 0.623

n <0.025 : Ps = 0.623 (40 n) "7
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Also,

: Function of toftc as shown in Fig. 3.9
Manning's roughness coefficient

to t+ Tractive force
tc : OCritical tractive ~ force after Egilazaroff’s formula as

follows:

Uxc? 0.1

(We/Ww-1)g+di = {log o (19di/dm)}?

Where,

U*c : Critical friction velocity of bed materials of gain size

“di® {m/sec)
di,dm: Grain size, average grain size of bed materials (m)
- Lane-Kalinske's formula

Q@ = Q-Co-P e (3.3)
5.55 [1/2(U%/Wo) exp {-(WGIU*)Z}jl’ﬁl ------ (3.4)

]

Co

Where,

Qs :t Volume of suspended load per unit Widthn'per.'unit time
{tons/day) ' '

Q . : Flow discharge per unit width (m3/sec)

P :  Function of - WofU%, Karman's constant and Ps = V/U%* as
shown in Fig, 3.9 |

Co : Concentration of riverbed (ppm)

Wo : Grain fall Qelocity'(mlséc)

v : Flow velocity (m/sec)
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In appling the formulas for bed load and suspended load, the gradation of
river bed materials are considered. Sediment discharge of the observed data

and the estimation are compared in Fig. 3.10.

As the wash load amount is difficult to be estimated by hydraulics, the
following empirical method is applied on the basis of results of sediment

discharge measurement:

Qus = C-Qul e (3.5)
Where,

Qws : Volume of wash load (m?lday)

Qw . : Flow discharge (m3lsec)

C: . : Constant

The constant "C" is determined on the following assumptions and equation:

- -Wash load produced in the upper reaches flows down the mountain ares
without sediment deposition on the riverbed but some are deposited on

the river mouth,

- According to the actual sedimentation records of Bingas dam as showm in
Pable 3.7, about 507 of the sediment yield from the upper river basin

- is comprised of 50Z silt less than 0.1 mm regarded as wash load.
.Thus, sediment yieid is assumed to be .composed of 50% of wash load and

507 of bed material load {bed + suspended loads).

¢ = 0,5:-N-ASy e (3.6)
DX T

'Where,.
N : Period (yr)
Catchment areaf(sz)

-

Sy:: Sediment yield rate-(mslkmzlyr)
Qw : Flow discharge (mglsec)
‘T ;. Unit time (sec)
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The grain size distribution of the test results of the sampled river bed
materials is used for the calculation. The reference points of .sediment
discharge rating curves are selected along the Agno River and ‘its major
tributaries taking into account the stretches of design river channel, the
‘base points of sediment control and the sampling sites of bed load discharge.
The location is shown in Fig. 3.11 and the calculation results are. presented in

Table 3.8.
3.3 Annual Sediment Transport Capacity
3.3.1 Existing River Channel

The annual sediment transport capacity: for bed and suspended loads which
affect the riverbed fluctuation is estimated by using the. sediment discharge
rating curve as presented in Table 3.9. The estimation is based on the daily

discharge for twenty seven (27) years from 1960 to 1986 at -San Roque.

The transport capacity of the Agno River decreases 'in transition portionm
between the mountain area and the aslluvial fan, and tends to increase in the
narrow stretch from Santa Maria to Wawa. The maximum capacity of the existing

channel is estimated at 740,000 m3lyr.
3.3.2 - Design River Channel

-The annual sediment transport capacity in the design river channel is

estimated based on the design conditions of the Framework Plan.

The capacity of the design channel is mostly l&rgei than ' that of the
existing channel, and the difference is 570,000 m31yr at the maximum point of
the Agno River as shown in Fig, 3.12. The tendency of the capacity fluctuation

between the existing and the design conditions is approximately the same.
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3.4 Sediment Balance Analysis
3.4,1 Present Condition

_ Sediment balance simulation is carried out at 111 reference points in the
Agno Rivér System to examine the movement of sediment under the existing river
conditions. The simulation is based on the daily discharge for twenty seven
(27) years from 1960 to 1986 at San Rogue. The applied model is composed of
sub-basin, confluence, dam reservoir, river channel, floodway and irrigation
system models as shown in Fig. 3.13. Sediment discharge is estimated
réspectiVely for each component, namely bed load, suspended lead and wash load.

Each sediment discharge according to the models is calculated as follows:
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Models Bed Load suspended Load Wash Load
~-Sub-basin sum of bed material load (bed + sus- ' Qs ﬁ'C.x sz
pended load) is equivalent to wash load. Qs : Wash Load
<1 Qw : Flow Discharge

C : Constant <1

-Confluence 100 Z pass 100 % pass 100 % ‘pass
-Dam Reservoir 100 % trapped 100 I trapped Trapped (Tfap'effi-
<2 ' ciency by Brune's

curve is applied)

«River Channel Sato-Kikkawa- Lane-Kalinske's 100 Z pass in upper
Ashida’s formula formula _ reaches but some X
are trapped in lower

reaches.

Qsu x Qwi/Qwu  Same as suspended

K

-Flood Way: ‘No inflow Qsi

Qsi Sediment Inflow load

e

Qsu ; Sediment Discharge
‘at Upper Ref. Point
Quwi ; Water Inflow
Quwu ; Flow Discharge
at Upper Ref. Point

~Irrigation No inflow -Ditto- -Ditto-~
System
Note: <1 : Refer to Section 3.2,
<2 : Sedimentation in the Poponto Swamp is calculated as dam reservoir
model .

The river cross sections surveyed in 1981 and 1989 are the only available
records which trace the historical transformation of the riverbed. The
gimulation results from 1982 to 1986 are, therefore, chosen for compariSOn from

the 27 year simulation of the Agno River main course.  The average annual
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sediment volume of these five year period is compared with the recorded volume

estimated from ‘the river cross sections of 1981 and 1989 as shown in Fig. 3.14.

The comparison between the

summarized below:

Reference

Stretch/Point

simulated and the

recorded sediment wvolume is

Simulated Sediment Recorded Sediment

Volume (103m31yr)

volume (10%m3/yr)

W R D mE e e S W A e P me e mm Nn D TR W T W e me e e g e by e A D mE A A e e e S e B A b e w m e e = D R e mp Dy e T G e = ae R A W ke e e

(1) River Channel <i

“‘San Roque - Santa Maria

1,358 1,553
Santa Maria - Wawa -123 -134
Wawa ~. River Mouth 2,267 2,542

{2) Dam Reservoir <2
Ambuklao (for 30 yrs) 98,000 108,000
Binga (for 26 yrs) 45,000 31,320

(3) Retarding Basin <2
Poponto Swamp 3,795 4,000 <3

{4) Irrigation System <2
ARIS 396 480
LATRIS 76 60

Note: <1 : Calculation is based on thé period from 1982 to 1986.

<2 : Calculation is based on the period from 1960 to 1986,

<3 : This volume is éestimated from the interview results with

residents.

The ‘above results show that the ‘model well simulates appropriately the

movement - of sediment under the present conditions

reservoir, retarding “basin and irrigation system.

of river channel, dam

The simulated annual

‘sediment balance from 1960 to 1986 is illustrated in Fig. 3.15.
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3.4.2 Proposed Condition

The sediment balance under proposed condition was simulated on the

following conditions and assumptions:

a. Conditions
1} Proposed Condition {(Iy Framework Plan (River improvement only)}
2) Proposed Condition (XL} : Integrated Framework Plan  (River

improvement + Retarding basin + Moriones

and Lower 0'Donmnell flood control dams)

3) Proposed Condition (III) : Framework Plan for sediment contrpl
(River improvement only + Moriones and

Lower O'donnell dams + Sabo dams)

b. Assumptions

1) 507 of the natural sediment yield estimated in Section 3.1 is

mitigated by afforestation.

2) Trap efficiency for the dams is considered according to the dams
reservoir capacities, but for the sabo dams a trap efficiency of 50%
is applied so that only bed material load -is trapped.

The annual sediment wvolume is tabulated in Table 3.10 and the annual
sediment balance of_eaéh'condition, i.e., Proposed Condition (I). (II} and
(I11) are shown in Figs. 3.16, 3.17 and 3.18,:respectively.

3.4.3 Excess Sediment Volume to Be Controlled

The excess sediment volume to be controlled -is estimated. based on the

forgoing calculation results under Proposed Condition (IIL) and defined below:

1) Design sediment discharge .+ 50% of the present natural'éediment

for sediment control _ yield
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2) Design allowable sediment ¢ Sediment transport capacity at the

discharge reference point

3) Design excess sediment volume : Balance between 1) and 2)

to be controlled

- A total of 16.base points of sediment control are selected along the river
course of the Agno River, its major tributaries and the Allied Rivers (see Fig.
2,11). The total design sediment discharge and excess sediment volume at the

base points are 15,338,000 mslyr and 11,731,000 mslyr, respectively, as shown

in Table 3.11.

~8D.27-



4, ALTERNATIVE OF SEDIMENT CONTROL PLANS

In the mountainous area of some 4,200 km2 which occupies Ssz of the study
area of 7,640 kmz, natural sediment of as much as 7,800 m3lkmzlyr are produced,
and this large quantity of sediment cause sedimentatiod in dam reservolirs and
the irrigation systems and aggradation of the riverbeds. It is considered that
the active yield of sediment is mainly due to poor vegetation. Slope erosions
caused by road constructionlafe alsd observed in the'hillsides.. In addition,

some portions of mine tailings might have been discharged into the rivers.
.According to the estimation result of the.sédiment'traﬁéport capacity, a
remarkable increéase of the capacity by the river channel improvement is not
expected. Therefore, sediment control measures such as afforestation and the’
control of mine tailings discharge, slope erosion due to rbad construction,
maintenance of river channel and irrigation canal and sabo works are considered

to solve or mitigate the sedimentation problems.’

in the STUDY, the sediment control plans were formulated as described

below:
a. Afforestation

50% of the sediment yield will be mitigated by afforestation in the

future,
b, Mine

Sediment due to mine tailings will be totally controlled (i.e.. no

tailing discharge in the future).
¢.. Road

Landslide and soil erosion due to road construction will be totally

contreolled in the future.
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d. Sabo

The remaining  part of the sediment yield which will not be
controlled by the foregoing three measures (a, Db, and c) will be

subject to sabo works such as sabo dam.

" On the other Hand, excess sedimentation in the river channels caused by
imbalanced sediment transport capacity is coped with dredging or excavation

works.
4.1 Afforestation

'.FOrest vegétation'is highly-evaluated among nations for its significant
effect on prevention of soil erosion. The sediment control plans are
formulated in the STUDY on the assumption that 50 of the sediment yield will
be mitigated. The area to be afforested to reduce the sediment yield to one-
- half in the whole basin is estimated at approximately 1,000 km? assuming that
sédiment yield per'uniﬁ forest land is 1,300 m3lkm2 (refer to Section 3,1.1),
and all of the partial forest land (830 kmz) and about 607 of the bare land
(200 km?) would be totally afforested. |

4,2 Gontrol of Mine Taiiings

" Government regulations prohibit'the disposal of mine tailings directly or
indirectly immediately into natural drainage systems. However, some portions
of the mine tailings may have been discharged into the rivers, although the
quantity was estimated to be minimal compared to the natural sediment yield in
the STUDY. Moreover, failure of the tailing dams such as the NO.1 tailing dam
ofhPhiiex'Cbrp. which was washed out during typhoon "Dading” in 1976 will bring

catastrophic damage to the downstream.

As for the”diSpdSal system of mine tailings, ‘some measures have already
been proposed In 1979 JICA studied the TLP (Tunnel, Launder and Pipeline)
System 1n Wthh all” the mine talllngs would he transported to’ the Lingayen
Gulf through a tunnel plpeltne,'and open launder In the San Roque Multi-
'Purpose PrOJect. all “the ;allings produced from the’ minés located in the

watershed will be impounded in the San Roque Dam reservoir.
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From the reason that the TLP System is not economically feasible and it
might contaminate the sea, the jidea has been abandoned. On the other hand, GOP
has decided not to immediateiy implement the' San-Roque Multi-Purpose Dam
Project because of its high cost_aithough this project has been expected as a

countermeasure to the sedimentation problem in the irrigation systems.

Under the abovesaid situation, the following on-site conceivable measures

are recommended to totally control the discharge of mine tailings.
(i) Diversion Facility
At the upstream end of each of the tailing ponds, a diversion facility
shall be provided to prevent water from flowing into the pond from the
upstream.
(ii) Spillway

A spillway with enough capacity for excess water not to overtop rhe

. tailing dam body shall be provided.
(iii) Improvement of Tailing Dam Body

To prevent the erosion of downstréam slope of the tailing dam, stone

masonry or gabion, berms and drainage ditches shall be provided.
“(iv) Settling of Tailings

For the purpose of settling -of tailings in the filléd—ué pond;
surface water shall be drained, and covering with soil and planting

shall be done.
4.3 Control of Landslide and Soil Erosion-due to Road Construction

Most - roads in the mountalnous area, whether natlonal prorinoiél village,
:mining or logglng roads have poor dralnage systems, very steep cut and fill
slopes, a small number of culverts and retalnlng walls. and a few cross draxns.
For these reasons, road bank erosion, gully erosion and 1andslldes above and

below the roads are big problems in the Basin. In particular, along the
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Halsema Mountain Highway, of which widening and concreting is at present being

done, many landslides were observed,

Treatment of runoff water is the key to control landslides and s0il
erogion. For this purpose not only a permanent drainage system shall be
"provided, but drainage during construction is also very important. In
addition, slope protection works such as retaining wall, mortar or concrete’
spraying and_pianting shall be done in accordance with the topographical and

geological conditions.
4.4 Sabo Works

Sabo dam is the most essential componeht of éabo works. A high and large-
capacity sabo dam is effective for regulating sediment discharge. The number
of sabo dams is estimated by considering the total storage volume of dams
equivalent to the excess sediment volume to be controlled. In general, the

height of sabo dam is less than 25 m.
4.5 .Mainteﬁ;ﬁée qf River Channel_and'lr:igation Génalﬁ
(1) _River_Chénﬁel
:Aggfadation and deg;adatién of fhe riVefbed occur due to the imbalancé of
sediment dischargg in river channel. . Maintenance dredging and excavétioﬁ shall

‘be done apainst the aggradation and riverbed pfotection works such as

groundsill and foot protection shall be provided against degradation.
{(2) 1Irrigation Canal

A fair quantity of sediment flows into the irrigation canal. Settling
basin shall be provided at the intake as a structural countermeasure, and

maintenance dredging shall be continuocus for -the irrigation systems and river

channels, .
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5. PROPOSED SEDIMENT CONTROL PLANS FOR FRAMEWORK PLAN
5.1 BSabo Dams and Other Facilities

5.1.1 Sabo Dams

The required number of sabo dams for the Framework Plan was estimated for
the design life of twenty years. In this estimation the excess sediment volume
for the period was assumed to be stored by the dams. The typical design of
sabo dam is given in Fig. 5.1, and the construction sites and ﬁajor dimensions -
were determined on. the basis of the topographical map with a scale of 1:50,000

as presented in Fig. 5.2 and Table5.1, respectively.

The ‘total ‘constiuction cost of sabo dams for the . Framework Plan is
‘estimated at about Z.6 billion pesos and the required construction of sabo dams

is summarized below:

_ - Excess Sediment Reguired Number of Sabo Dams

Locatiom Volume (103ﬁ3]y;) for 20 years “for 50 years<l
Ambuklao Dam 1,681 Ambuklao Dam ‘Ambuklao Dam
Binga Dam 960 Binga Dam Binga Dam
San Roque Dam ' 2,550 San Rogue Dam ~ 8an Roque Dam
Ambayoan 1,126 6 o (33) '
Dipalo 13 1 ' (1)
Viray 2 74 4 - - : ( 6)
Balog-Balog  Dam 1,344 Under const. Under const.
Moriones Dam 1,042 Moriones and Lower 0'Donnell -dam
Lower O’'Donnell Dam 1,349 Moriones and Lower O‘Donnell dam
Camiling : 373 '3 ' e 5)
0lo g 376 ’ 4 (11)
Bayaoas 191 1 { 3
Tuboy " 267 ' 3 { 9)
Angalacan 39 2 { 3)
Bued 346 8 (33)
Total 11,731 32 plus San Roque, Moriones (lﬁh}

and Lower 0'Donnell
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Note : <1

-

The required number of sabo dams for the design life of
fifty years was alsc estimated for reference, on the
assumption that sabo dams of 25 m in height are added to the
plan of the design life of twenty years.

'5,1.2 Other Facilities
{1) Groundsill and Foot Protection

‘Degradation occur due to imbalance of sediment discharge mainly caused by
the decrease of sediment supply from the upper basin due to the construction of
.a large scale dam such as San Roqde. Groundsill and foot protection should be
provided at the scouring portion of the low water channel. The stretch to be

provided with groundsill and foot protection is proposed as follows:

River E Stretch Length of Stretch
{km)
Agno River San Rogque - San Manuel 5
-Ditto~ - Rosales - Urbiztondo | L5
Tarlac.River Lower O'Donnell Dam -
Confluence of the Tarlac River 25
-Ditto- . Moriones Dam - Confluence of the-
' Tarlac River 5
-Ditto- ' Tarlac - Gerona : 15
Total . o ‘ : 95
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(2) Settling Basin

A settling basin shall be provided to trap inflowing sediments in front of
the intake of each irrigation system and maintenance dredging in the basin
shall also be conducted. The annual sediment inflow to the irrigation systems
is estimated from the results of the sediment balance analysis for the Proposed

Condition (III) as follows:

Irrigation System S5ediment Inflow Volume
(m>/yr)
. ARIS . _ 208,000
LATRIS ; _ 22,000
Ambayoan RIS ' 71,000
Dipalo . RIS o 11,000
SMORIS 4,000
Tarlac - RIS . 3,000
Camiling RIS 64,000
Total 383,000

5.2 Non-Structural Measures
5.2.1 River Maintenance

Excess sedimentation in the river channels shall be coped with by dredging
“or excavation. The total sedimentation volume in the river channels of the

Agno Rlver and the tributaries is estlmated at 1,400, 000 msjyr from tne result

of the sediment balance analysis for the Proposed Condition (III) as follows
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_ Sediment Volume
Item (103m3lyr) Remarks

‘(1) Sediment Yield 15,481

{2) Sedimentation in

Dam Reservoirs 8,823

(3) Sedimentation in

Sabo Dams . 2,334

(4) Sedimentation in

"Poponto Swamp 244

(5) Sediment Inflow to

Irrjgation Systems ' 383

(6) Sediment Discharge to
Lingayen Gulf 2,291

{7) Sedimentation in
River Channels 1,406 (7)=(1)~(2)~(3)-(4)-(5)-(6)

5.2.2 Dam Maintenance

The rémaining dead.storage of the existing/ongoing dams, 4.e., Ambuklao
dam and Binga dam is not enough because of the unexpected huge sedimenﬁ yield.
Maintenance dredging of the dam reservoir should be conducted for the
conservation of the design dead storage. The remaining life of the dead
storage 1is estimated-ét 18 years for the Binga dam while the dead storage of

the Ambuklao -dam is almost full.
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As for the Balog-Balog dam which is under construction, the design dead
storage will be filled up in 37 years, less than the design period of 50 years
and maintenance dredging shall be necessary. This is the same for Ambuklao and

Binga dams.
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6,

6.1

RECOMMENDATION FOR FURTHER STUDY REQUIREMENT

Sediment Control Plan

_ “In the previous section, the sediment control plan was proposed in - the

conceptual level as a countermeasure to the sedimentation problem through

sediment balance: analysis. To improve the sediment control plan from the

conceptual level, the following further studies are recommended.

(1)=

(2)

(3)

Sediment discharge measurement

The design'sedimeht discharge for formulation of the sediment control plan
was estimated from experimental formulas commonly used in Japan, since

reliable observed data are not sufficient to determine the specific fating

‘curves in-the Agno River basin. 1In this ‘connection, it is desirable to

‘continue sediment discharge measurement -at the hydrological observation

stations, togéther with flow discharge measurement.
Topographical survey

The sites and dimensions of the proposed sabo dams were roughly determined

on the basis of the topographical map with a scale of 1 : 50,000 and a
contour"interval of 20 m. In order +to design the Sabo dams  more
accurately, a topographical map with a ‘Scale of about 1 : 3,000 and a

contour interval of 2 m is required. For this purpose aerophoto surveys

around the proposed dam sites:are racommended.
Afforestation

Afforestation 'is the most effective measure to conserve a watershed. In
2,

‘the "Framework Plan for sediment control, a total area of 1,000 wn“ is

“assumed to be afforested in the whole basin to mitigate 50% of the present

—isédimeﬁt-yie1d, but it is predicted. that it takes a -long time to complete

the affo:estation of such a wlide area. . Therefore, 1t is desirable to
select areas to be urgently afforested through field investigation by

considering the existing degree of devastation and the effect to be

‘expected by afforestation. In addition, a study on suitable plant

-selection is also required.
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(4) Monitoring of mine tailings dischaxge

The control of mine tailings discharge .is vexry important gince they may
iﬂflict catastrophic’damﬁge to the downstream. if they -are washed away,
~although the mine teilings discharge was estimated to be minimal compared
to the natural sediment yield in this STUDY. -~ In this connection,
monitoring of mine tailings discharge is recommended to be continued, and
it shall include inspection of the mine tailings disposal systems, sediment

discharge measurement and patrol apgainst illegal mining.

6.2 River Mouth Clogging.

.-As mentioned in Section 2.5, a developing sand bar, which:.may be a cause
of river mouth clogging has been observed at the river mouths of the Agno River
left course and the Cayanga River. However, because of.Unavailabilityjof.data
such as current wave, bottom material and codstal -topographical map the cause

of the sedimentation around the river mouths has not been determined.

A river mouth survey is strongly recommended not only to éollect ‘these
data. but also to formulate the river mouth treatment. plam.. The survey area
shall include not only the river mouths of the Agno River left course and the
Gayanga River but also those éf'the Agno Rilver main course and the Panto River
gince the sand drift along the Lingayen Gulf may be influenced by the water and

sediment discharge of these rivers.
The required survey items are given as follows:
(1) Wave height and direétion
Weve is a main cause of sandidrift, and it is very important to -know the
characteristics of wave -such as wave height and direction. - For .this

purpose a wave gauge shall be installed at a. place of more than 10-m'depth,

ﬁhere reflection waves :do not affect.

"~ -8D.38-



(2)

(3)

(4)

(5)

(6)

(7

Tidal Leval

Tidal level data are required to determine the design.high tide level, the
tidal reach and tidal prizm. The obgervation records and tide tables of

the San Fernando Harbor are available.
Current

Velocity . and direction of coastal -current are required to know the
direction of sand drift. Current observation shall be carried out along

the shoreline.
Wind Velocity and Direction

Wind data is used to interpolateé wave height and direction data. All the

recorded data of the Dagupan Meteclogical Station shall be collected.
Littoral Sand Drift

Littoral sand drift survey shall be performed to find prevailing direction
and relation between external forces and amount of littoral sand drift.
For this purpose a survey using tracers of fluorescent sands are
recommended. During the littoral sand survey, the wave and current survey

shall also be conducted continuously.

Bottom Material

Bottom material survey shall be petrformed to know the gradation of the
bottom materials. The results will be the basic data needed for
estimation of the process of sand bars. Sampling of bottom materials
shall be done at both of the river mouths and the sea area.

Water Level and Water Discharge at River Mouth

River mouth water level survey is performed to find the degree of

obstruction of flood flow by sand bar and of flush of sand bar by floods

- by observation of water level at river mouth. ‘The purpose of river mouth

| diséharge'survey is to'distinguish the intrinsic river discharge and tidal

~8D.39-



(8)

discharge. A water level pauge station shall be installed at each river

- mouth.

River and Coast Topography

Results of river and coast topography survey will be = hasic data for
analysis of the transition of the river mouths. The survey shall consist
of .longitudinal and cross sectional survey of the river channels, sounding
survey around the river mouths, beach ‘survey, shoreline survey and

topographical survey around the river mouths.

~SD.40-
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Table 2.1  SEDIMENT DEPOSIT RECORD IN AMBUKLAC AND BINGA DAM RESERVOIR

{1) Anbuklae Dam Reservoir (Ch = 617 kaZ)

hecumnlative Specific Annual
Year Period Deposit Yolume Deposit Rate
(mill. md} {nd/kn2/yr}
1958 ] 0.00 ¢
1967 11 27.00 3,978
1980 4 81.170 6,193
1986 30 108,00 5,835

(¢} Binga Dam Reservoir (C4 = 860 kaZ)

: heennniative Specific Annual
Year Period Deposit Veluae _Deposit Rate
(aill. &%} “(nd/kadfyr]
1660 0 0.00 ]
1987 f 5.59 3,483
1379 19 22,60 4,895
1985 26 KA1 4,857

Data Source: Sedimentation Studies of Aabuklao and Binga
Reservoir, NAROCOR, [386
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Table 2.3 ACTUAL IRRIGATED AREA AND DESILTING ACTIVITIES IN ARIS

T ACTUAL IRRIGATED AREA (Ba) DESILTED  ACCUMULALICZ
1ERR : YOLUHE DEROSIT VOLUME
‘ Hat Season Dry Season {nill, m3) {mill. n3)
1975 13,545 4505 Ko Data ¥o Data
1816 16,21 5,212 No Data ¥o Data
1917 16;593 3,918 Ho Data ~ Ho Data
um 12,3m 4,404 S Ut Ko Data
w1 4,498 108 No Data
1980 13,005 4,290 133 ¥o Data
1981 9,680 . 4,018 0. Ho Data
1 16,031 R 61 ¥o Data
1983 10,318 3,93 | 6 Hodata
1984 1,513 551 on Ko Data
1985 9,367 3,072 | ¥ tedata
1486 3,162 4,331 | 3 ' Ho Data
81 6,14 RUNE - 3 o data
1988 2,103 2,010 Yo Data 308¢1
Total 150,644 53,699 R
Merage 16,760 3,83 1 909

Data Source : ARIS, NIX

Note: <1 : Estimated from the result of cross section survey.
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Table 2.4  ACTUAL 1RRIGATED AREA AND DESILTING ACTIVITIES IN LATRIS

ACTUAL TRRICAYED AREA (ha) WSROIV
YEAR ' VOLUKE  DEPOSIT VOLUME
Hel Season Dry Season (oill. m3) (mill. n3)
1980 7,515 3,634 Ko Desilting No Data
1981 §,743 3,335 Bo Desilting o Data
1982 Ko Data o Dafa Ho Desilting Neo Data
1983 5,527 3,151 No Desilting  Xo Data
1984 5,211 23,308 Ho.Desilting - Ko Data
1985 5,812 3,098 Yo Data < 7 Yo Data
1986 4,436 3,115 o Data<? Mo Data
1987 4,449 1,17 o Data < 2 3 <1
1998 4,644 2,887 2 '<3 Ko Data
Total 43,597 24,888 62 135
Ayerage 5,448 3,118 62 o33

hata Source : LATRIS, ¥IA

Kote: ¢<I: Estimated from the resull of cross section survey
<2: Only in the streach of main-canal from the intake
t 0+ 500 n upstrean desilting was conducted,
. but the desilted volume was unknown,
¢3: The total desiiting volume will be 135 cu.m for
three years after 1988. : :

—_SD.44"'



(WE) TITH AF) WOE) AOURIEI] : D)
SN { ey TRy 97y 402) BT : 30

- - - - - - - - - - - - - - o wateedrey - - -
- L Ealvaoy ‘vaniey -
-t §1°0 521 ] it - - B st 800 [ - 13 - § By Ry cwg T STANT TWI
. 4]
£9°% §90°0 88 o - - §t bl ] ] B - - 997t ] ngeinyg 013~ EI-wt
) ‘depredey ‘2avakty
3T paTIseg [ Lt =039 §-8¥
TTanIpag of v D SanbreeTey ‘3saTey
TRUR) DavOpERQY . & TeRTEriTRy
WIS o H ‘IWROTRNI] ‘JINQVNRS TR0 SNV B-RV
161 80 e ) 't - - 818 18 0 ] - e - § wulFeiTyg -01314- - -8
o T ‘peyong
¥R pRRCpay 4 .wﬁ.m ‘WA RN 4-HY
07183175 98 ) o . ' :
62 §1°0 050 jidl} W - - s T ¢ - wr - & e vmmg e W
: b i fsaa
81 LR 80 &0 4 - - $8'%6 [ 0 ] - it - 4 ) wuisrire ~0331g- L)
. . D mwIogeNzg RV
i i) 670 L '6 - - [lia13 85cy 8T 2 - B3°% - i TS Creqes - -093M- -
»
188 A it 7 ['§1 - - [1::4 gEns 09tET | - 1 - § g fraomeg 98 - 010
H ’
8 e 50 6o I8 - " 00k 118 T 1 | - L% - T ‘Jreg ‘racwwy
) : . n g ‘auboy “ug Liv] 1.
078/838=0 (e L {u) (u WESHO'D - WERLOC) - NZG - WRGTZ - REOUG[ - WAQGE - WRZEUG AN P W g i)
’ SN0’ MRGpg'D  wmpQU0 0 WIE) o WEQST WAphGp TRR) JeNAID N §[(°() WEYT a[eAj :
16 JUWTOLIIA0Y P10 RIS 40 RIS (94 S szt [43H] 118 pERD IMI{ RIS MINOD  [HWI] 24400 T awearjues .
[ et LTezopIng CRpd1IRE 407 A[D13292 0§ ST L8 AIOTAIRY ) : | 10 §IRONIAATE BOTIRO0] . [RERO/IANY
) ’ : . ) [yt ] (%) sjusmodwoy 3118 37ITIIRY L114%29 a13109dg MI] FITFIER] : '

STIVNYD NOIIVHI¥AT
NI SISHL ALIAVED DIJIDIdS ONY NOILVAVED J0 SIInSHY §°¢ °Tqel

- 5D . 456 -



Table 2.6 ESTIMATION OF SEDIMENT VOLUME IN ARIS/LATRIS

productivity, A.R, Castaneds and 8.1, Bhuiyen {s0513)

-~ 8D

.46 -

fo, [tem it ARIS LATRIS Remarks
1. DPesign Irrigation Area ha 18,509 10,000
2. Actual Irrigated Area ' in the wet season
in the year of 1388 ha 2,109 -
1987 ha . {44
3. hctual Irrigated Area in the wel season
in the year of 1978 ha 12,394 -
' 1980 ha - 1,515
4§, Calcubation Pefiod Cyr. 10{1988-1978) - 7{1987-138¢)
5, hecumulative Sediment Velume
in Canals as of 1988 n3 508,009 -
1981 n'd - 535,000
§. hecumnlative Sediment Volume RENID!
in Capais as of 1978 n'3 340,000 . C
' 1980 ] - T 146,000 '
1. Constant 4,018 0.0 [{-(AV0)
8. ‘Desilting Yolune K 106,000 0 ~in the calculation period -
9, Amnval Sediment Velume n'3 121,000 21,000 [(5)-(6)+(8}1/{4)
in Ganals . -
10, Annual Sediment Volume tonfhafyr.  56.5 8.6 <1
Rate in Paddy Pields :
11, Average lrrigated Area ha/yr. 10,000 - 5,500
12, tnit Beight of Sediment _ton}m“& 1.6 1.6
13. Auntal Sediment Volune 2'3 383,000 33,000 o)1)
in Paddy Pields : :
14, Anaval Sedineat Volume w3 480,000 60,000 (9)H13)
in lrrigation Systems
" Data Sowrce : ARLS, KiA and_LﬁTkls, Nik {Refer to Tables 2.2, 2.3 and 2.4)
Note © ¢ 1 : Source: Industrial Pollution of Ircigation Water and Effect on Riceland



Table 2.7 (1/2)

RECORDS OF DREDGING/EXCAVATION ACTIVITIES

Leagth of Quaatity of  Peried of Degeription of Vork
. River Location Stesbek Dredging Stretch Dredging fork :
‘ {a} [tan)
1 Ao haulid, Poponto Sta, JH 20 to 1,08 k)] 1§89 Qiver Inprovesent by
Pangasivan Sta. 4 + 26030 olldosing
1 -Bitto- Balocoe, Lizgayen Ska. 0+ 280 to 1,380 329,000 -Ditte-  Dredging, Cat-off-
Paagaginnn - Sta. 1 b 660 : Chamael
3 -Ditto- -Ditte- 8ts, & ¥ 00D to 1,688 1¢,5%2 198 -Ditto-
' 8ta. 1+ 660 :
;! *eDitte~ Aaulid, Popomto Sta T+ 4B to 865 53,863 -Bitto-  Pilol Chases} Impeore-
Paagasioma Sta. 2+ 104100 : neat by Belidosisg
§ -Bitto- -Ditte~ Sta, 1 ¢ 420 to 1,380 15,650 1381 ~Ditto-
C : Sta. 1+ 814 aad :
Sta. 0 ¢ 360 to
Sta, 1+ 610 ‘
b -Ditto- $0. Patricio, Sta. Kariz $ta, 0+ 002 to 1,300 §,219 - -Ditta- - River Iaprovement by
: _ Pargazizan Sta. 14300 ’ ~ Balldosiag
1 ditte Bitto- Sta EH 0 Lo Wl B - 1k Sitto-
C © Sfe. 01280 aad :
Ska. 4+ 2603 bo
Sta, £+ 415,12
3 -Ditte-  Urbistordo, S, 9+ 000 fo 8 169,43 -Bitto-  Ceb-off-Champel
Hagazinn Sta. 0+ 138
9 =Ditto- Sabaages, Labrador, Biter Xouth to 1,000 To Data  1980-198¢ ODredgisg,
Pargasinan 1 n Upstress “- Eemoving Sand bar
: : ’ : - Deepeaing Biver Bed
Sab-Total (1) 9,678 05,30
fied - Bigday, Sex Pabimr - - Sta, 0 ¢ 000 fe 500 ST 1989 Cat-off-Chague]
It i Pangesings - Sta. 1+ 900 : by Balldosiag
| -Bitto- Caburitaa, Sison Sin', 0+ 000 to 1,040 1,318 -bitto- -Ditto~
Faagasinan Sts. 1+ 040
it -Bitto~ Yillegas, Posorrabio Sta. 0 ¢ 600 to 880 9,610 1981 River faprovenaat
’ Pasgasinga . §ta. 0+ 800 : by Belldosing
3,10 5,18

Seb-Total (2]

-sp .47~



Table 2.7 (2/2)

RECORDS OF DREDGI NG/EXCAVATION ACTIVITIES

Degeripbion

ieagth of  Guentity of  Feriod of of ¥ork
¥o. Biver Location Stretch beedging Stretch Deedgisg fork
(u} fenn)
13 Bails Lita-Eita, Baluzgo Sta 04 000 to 1,020 11,406 1989 River [nprovegent
Paagazisae Ste. 1+ 080 : by Balldosiag
W bitte- Gsaga, Sta b i o 1,00 WA bt Bitte-
o Fangasinnt Sta [ £ 480 o
Sah-Total {3} 2,080 £3,506
18 Virsy, Bipale  Tapag, Stx. ~(1 ¢ 300] Lo 1,060 26,543 1989 - River Isproveseat
* . Pragsdinan - Sta. -{2 £ 300) o by Balldosing
1 ;bitto- Kagallanes, Tayog Sta. 54 180 to . 1,192 . 28,310 1388 -Ditto-
fapgasisea Sta, o+ 512
3ak-Total (4} 1,14 54,583
i Palo Peainl, Dagupan Sta, 0+ 536,46 10 1 125,485 1989
Paagasing Sta. 1 4080 ‘ e
1 Ditto- =Ditto- Sta. -[0 + TO0) to 80 93,288 1988 DBredgiag
: Sta, 0 ¢ 100 - Daepering River Bed
B -Bitte -Bitko- 105 wputees fra 1,500 LG I Ditte-
River aouth to 1.5 ha.
epatrem
sib-Tolal (5) ns s
% e 'iibag, Tarlac Bridge to o 18,432,480 . fpr., 1983- Dredfing,
Tazlac 30 u Dovastreas {43 of Jure, {as of Jere, {on-going] Beepening River Bed
A 1988) 1983} S
i -Dite- B Data fo hata "o Data 148,500 1989
'H -Dittﬁ-' - Paatal, loi;ldl Sta, 01 400 to 3;595 13,180 . 19§B .River faprovencat
’ Yarlac Sta 3+ 356 . By Balldozixg
Sab-fotsl (8} 1,42 u,08
N hbayem S, $icolas, Sta. -{2 1 8%0) to 500 13,12 1§83 . Biver Inprovesenl .
: Pargusinnn Sta, <[3 + §70) : by Bulldoziag
Seb-totat {7) 628 ':13,126 .
U Harasay algian, Calagiao " Sk, 04 000 to 820 15,301 198 Gut-o!f—ﬂhasnéliiipro?e-
: Paagasinan Sta. 0 ¢ 620 : * aeat by Balldesing
“Sab-Total (3] 520 15,307
Total [I}-(8} 24,00 1,915,853

Source :
fote :

AFES, DRUR, July 1989

(] ¢+ Tbe tolal leagth of 5 s dovastrean [ron the bridge
is proposed Lo be dredged for three years {lhree years progrin)

- 8D . 48 =



Table 2.8 (1/2)

ESTIMATED QUANTITY OF RIVER BED MATERIALS ANNUALLY
EXTRACTED FROM RIVERS AS CONSTRUCTION MATERIALS

Quaniity Bxtracted From River [e3)

ko, River Locatien
Boulder Gravel  Saad fotal Benarks
Cobble
I kgno Cabalitan Asingan, |
Pangasinan - 3,040 12,860 16,200
2 - Ditto - Canplasas, 5ta.
Nariz, Pangasinan - 860 3,840 {800
3 - Dikto - San Vicente, Sia, _
la_ria, Pangasinan - 5,520 22,080 27,600
{ - Ditto - Sta. Ana, Asingan,
' Pangasinan - f,440 29,760 31,200
§  -Ditte- San Ticenle Basi,
' San Aanuel, Pang. - LHE 5,480 7,820
B Bei Guiget, Bugalion,
Pangasinan . . - 5,880 - 5,880
T 0l Cacan Posea,
Kangataren, Pang. 2,409 . 5,000 8,400
8 Barachac Barachac, Nangatares,
Pangasinan - - 500 600
9 Hay;mtoc : i(ayanto:lz, Tarlac .
{Cagiling] §,000 - : 6,800
18 Tfarlac Aguso, Tarlac,
Tarlac - - 38,000 39,000
I Noriones Polougawi, 'farlac, _
{Tarlac) Tarlae ' - 13,680 54,720 68,400
12 Banila "Flores, l}_iingén,
Pangasinan - 9%0 5,040 6,000
I3 - Ditto - Esperana, Usingas,
Pangasinan - L0 6,960 8,400
H - Ditko - Hancalubasan .
: Uringan, Pang, 2,400 L 440 11,760 15,600
15 Bipalo San Pedro Matividad,
. (Viray-Dipaie} - Pangasinan ' - 180 1,680 2,160
16 Vieay tusaca Kativided,
- Pangasinan 12,000 80 2,160 14,640

-'8D
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Table 2.8 {2/2) . ESTIMATED QUANTITY OF RIVER BED: MATERIALS ANRUALLY
EXTRACTED FROM RIVERS AS CONSTRUCTION MATERTALS

Quaatity Bxtracted From River (n3)

Ho, River Location :
' Boulder - Gravel  Sand ‘Total Remarks
Cobble
1T Ambayeaz Poblacion, San
Nicolas, Pang. 1,920 80 3,600 5,380
18 Cabalisian Sta. Maria, San ‘
{Aubayoan) Hicolas, Pang. - - L 1,820
19 Tuboy fachien $an Nanuel, _ '
Pangasinan : no - 1,688 1,920
20 Moragat Bugayong, Binaloman,
Pangasinsn - 11,820 6,560 58,080
i - pitte - Kacao, S_ison, Pang. - 5,000 20,160 " 25,200
2 - Ditto - Lipit, ¥anaoang, .
Pangasinan . - -0 3,30 {080
23 - Bitte - ‘Nalasin, Pensorobio, _
Pangasinan - - -1 - 120
it dbeloleng hzonang, San Viceate _
{ Bued ) San Jacinto, Pang. 12,000 - 11,400 45,600 6%,009
2% Bued  ginday, San Fabisa, 4,800 1,800 - 8,180 14,760
Pargasinan _ : :
% - Ditto-  Agat, Sion Pang. 25,000 1,900 9,120 3,240
Total 66,960 75,200 M3, 0% 187,080

Dats Somrce @ Survey ﬁonducted by AFCS,DPER, 1989
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Table 2.9 - ANNUAL SEDIMENT VOLUME IN EXISTING CHANNEL (1982-1988)

{1 it {3 ()]
Flnetustion Yoluvae Quantity of Quantity of Annual Sediment
River  Streteh <1 Length of Low ¥ater Channel Bxtracted Dredging/Bxcavation Voluse <2
tn} {n3fyr} River Bed Haterials {a3fyr} {5): (2)-(3}-(4) (a3/yr}
(n3fy1) (6): {5}/01} (adfyr/a)
Agno &G 23-65 15,560 [,280,31 P 19,075 " 1,310,389
8
AG §5-109 19,000 955,225 0 15,633 980,858
' 52
40 109-141 8,500 181,355 b (] 181,355
3
A6 L41-300 18,600 (17,231} 0 0 {17,231)
(4]
46 309-350 18,150 {57,272} 0 ) (57,212}
{3
G 359-387 . 3,700 §8,019 0 0 58,019
_ 18
MG S67-415 8,850 229,960 18,600 1,154 266,314
32
AG 416-459 7,080 330,40 45,120 0 315,584
o 5
AG 459475, . 6,600 822,850 0 0 822,850
: 125
Tarlac  TA 183-14 5,550 5,917 b 10,450 16,4217
AR _ : )
tH194-215 8,550 148,499 ] 0 148,459
: "
T4 215-227 - 5,850 24,656 0 0 24,656
'
Banila . BN 392-385 13,260 {36,376) b 1,629 £34,76)
_ _ (3]
BN 3540 12,450 285,088 30,000 b 315,868
' 25
“Hote ¢1.: This stretch shows the station nusber as of 1589,

(% ; Figures in parenthesis are negaiive.

-~ 8D
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SUMMARY OF OPERATING MINES ALONG AGNO AND BUED RIVERS

Table 2.10
Preduction  Daily Tailing Can ) i
KTHE of Ore & dilling Capacity Stert of  Present Daw Cost RBHARES
{1000048} Capscity(¥T)  {¥T) lae - Statug :
A« AGHD RIVER
1. Philex Hines 3,82 17,500 fias §1 1959 Cospletely PG N in 1975, the dan was washed
Copper ore 85,375,342 filled-up -out due ta typhoon “Dadiag.
{Dec. 1938} Tt wag re-built the ssxe
year.
Daa §2 1981 51% full P38 ¥
51,411,615 {goad until i
Feb. 1991}
b 2 Jan, 1990  under comstruc- P84.8 X:
142,556,168 tion [initial
construction
cost)
‘2. Beaguet Corp. 1,198 3,500 Dax §i ¥ar. 1963  Coapletely P5.33 B of the total aill tailings
6,121,000 filled-up produced, -18% is recovered
June, 1986 35 sandfill for underground
openisgs and the remaining
volvse ig impoynded in Lhe
© duss,
ban 12 June 1977 Completely P56.03 ¥ wnderground openizgs-and the
7,018,000 [illed-up : rexaining voloee is impounded
Kov. 198§ in the dams.
Den §3 Hov. 1985 10X filled- P¥5.36 ¥ This das vill be constructed
1,930,000 up as of ¥ay, in tvo stages.
1988
3. Itogoa-Suyoc i 350 1,001,724 1981 6% filled PIRG H  Dam coaatruction is still
Kipes: going on
Sub-total 10,841
B. BUBD RIVER
1. Benguet Bxplo. 42 150 Tailings are being dusped

Ine..

into-their undergrouad-
¢pening. Surface ponds are
used a8 contizgency aess,

Data Source : Xemorandas Report on Technical Bata peeded by DPWH sad JICK
Hote. (L: Average froa 1985 to 1988

~ 8D . 52 -
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Table 2.12. (1/2)

REHABILITATION PROJECT

LIST OF EXISTING/ON-GOING EROSION CONTROL AND WATERSHED

locafion
“Ho.

Hawe of Project

Present
Status

Project
Pericd

Agency

Project
Area

Description of Horke

Tu 24 Alok Brosion
Control Project

Halseb Road Erosion
Control Project

SYIK Bangﬁq Project

MY Palansa Soil Brosion
Gontrol Project

Baguio tuacan Road
Brosion Control Project

“Focok Rrosion Control

Project

Fennon Road Yatershed
Rehabilitation Projeci

a
Goupleted 1988 BED/URDR/

o

(1

Completed 1988 BED/UNDP

{1

Completed 1988 SHIK/DPyH

{1

Cospleted 1983 BED/URDP

On-going 1988-1980  GERRO, Baguio,

DERR

On-going Staried -Pitto-

i 1988

On-going 1389 (EHR0, fublay,

BENR

b ha

1.8k

291 ba

17 ha .

2,5k

800 ha

3ha

JGabion Check Das
Jfabion Betaining Work
.Loose Rock Check Das
JRIP-BAP Retaining Ball
Jaitling

', Bushwood Check Dam

«fabioa Check Dan
,BIP-8AP Betaining ¥all
.Loose Rock Check Daa

JGabion Check Dsa
.loose Rock Check Dan
JRIP-RAD {Diversion ¥all)

~Hattling
.Stone Terrace

JPlagtation

Loose Rock Check Daa
.Log Check Dan
.Gabion Check Dar
JSattling

JPlaztation

Gabion _
RIP-BAD Retaining ¥all
Joose Rock Check Dae
.Mantaticn

BIP-BAP Retaining Hall
“Mantation (1.8 ha}

Lheck Damg

.Loose Rock Check Dan

fote ¢ (1t Year of Conpletion
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Table 2.12 (2/2) LIST OF EXISTING/ON-GOING EROSION CONTROL AND WATERSHED
REHABILITATION PROJECT -

Location Rave of Project Present Project . Agency Preject Description of Yorks
Ko, Status  Period diea .

8 Ratershed Rehabilitation On~going 1988-1992 CRERG, Tayug, [05 ha JGabion Check Dan

Project within Villaverde DENR - o Hattling
Bevegetation Project .Bench-Brugh Layering
Jegetative Neagures
9 . Yatershed Rehabilitation On-going Started Ditto- 6 ha .Gabion Chack Das
' Project withia Sam Nicolss - in 1989 JMattling
Reforestation Project : _ : .Bench-Brush [ayering
' : ' Jegetative Neasure
1n Vatershed Rehabilitation and On-going Started  CEHRO, Dagupan, 2ha .loose Bock Check Dax
Bresioa Control Project in 1987  DEMR Jattling
Kangataren,Pangasinan JHlanting
’ . _-Cﬂ_uillg .
JSeediing
§ Vatershed Cozponeat within  On-going Starled -Ditio- § ha - .Loose Rock Check Daws
. Nazleluag Reforestation in 1958 ) Jattling
Project . o DMarting
: JLatting
Seedling
12 " Tangbao Sub-¥atershed fa-going Started  CEERD, Sta, 240 ha sLoose Pock Check Dax
Behabilitation Project in 1986  Iguacia, DRHR «Gabion Gheck Dan

JLog Retainiag Wall
JLoose Bock Refainming Nall

Matbling
13 Tangbao-BABSSHIK On-going Stacted  -Bitte- - LRk bitto-
Yatershed Rehabilitation in 1988
Project
14 Balog-Balog ¥atershed .Ua-going Started -CEEBO.'Cspas, 8,028 ha .Si:ucturnl'leasarés
-Rehabilitation Project in 1986  DERR (8tore Check Dass)

Jegefative Neaseres

-'8D ., 58 -



: Table 3 . 1

SEDIMENT YIELD AT AMBUKLAQ AND BINGA DAM SITES

Sediment Yield

Ho. Ttem Unit habuklao - Binga Remarks
1 Dréina.ge Area kad 617 860
2. Sedinentabion record nil.wd/yr. 1.60 1.20 (2) = (IHY)
3. Beriod s J0{1956-1986) 26 (1960-1986)
1. Sedinent volume nil.ag 108,00 31.32
- 50 Trap Bfficiency 4 Hh g5 by Brune's Biagraa
. Annual Inf‘i-‘.on_' il. a} 1287 : ¢l 1801 | <l
1.7 haeua) Runoff an/yt. 2,086 2,100 RUERLI)
8 | Reservair Capacily nil..ns 329.0 874 |
4. Capacity/Inflow - 0.2 D048 (9] = (8)/(6)
10. Sediag.nt Yield Rate w}/kr2fyr. 5.143_. 5,919 : {10} = {12)/(1)
Il Sediuent_‘[‘rapped by Upper Das pil.ad/fyr, - 3.60
12. piladfyr. 310 501

(12) = {2)/(5)+{11)

Data Source : Sedimentation Studies of Aabuklao ¥ Binga Reserveir, NAPOCOR, 1988

Hote :  <l: Re-Study of the Sam Roque Kulti-Purpose Project Final Report, JIGK, 1985

- 8D .59~



Table 3.2 {1/2) NATURAL SEDIMENT YIELD IN SOUTHERN CORDILLERA MOUNTATNS

...........................................................................................

(1) {2) {3
krea of eack Land
' {ke'2) - :
Sup-Basin  Area of Hopatain =wemessmmemmmeemmeeeeemmcmeen Forest knaual fedinent Rematke
Ooit No. Sub-Basin  Area of Land kare Slight Sediwent Tield ¥ountain Rrea
§ab-pasin ralt Laed  Vegitation Yield kate in Sub-Basin
(12°2) {ix"2) Land (10°¢ e*3fyr} (235 2fyr)
{ta) {8a) {va) {ra} {¥5) : IR Y]
n £ 43 0,023 0. 21.83 6.1 §.28 4208
1] 56 56 13.03 2.9 6.4 2510
1 &0 &0 0.018 1.8 41,17 16.47 0.0 6150
[T 3 Kk} 0.015 0.27 §.62 .16 RN 3N
¥ 55 55 0,048 1.78 16.17 37.00 4.30 5457
13 1] (1] ¢.110 2.2% 15.62 £5.9% 0.4 5995
) 4l i ¢.030 1.5 10.14 3.3 6.22 s412
1 12 n 0.009 4,37 16.92 5.70 (R T k469
3 103 123 9.486 1.4 13.1 80,40 t.48 440
| §11] 81 £l ¢.187 {10 21.92 M1 .60 1429
Sub-Total 817 617 0.526 1%.09 182.55 £06.83 3% $£13 Mebuklao Dan Basin
{a1-m10) Sediment Yield Data
: SR 06 2
111 14 143 t.In 1.48 H.45 110.92 ¢.87 8076
[ 1K 160 180 £.117 10.§7 .n 56.4% 1.0¢ 10457
Sub-fatal 380 20 4,768 .4 145,75 6.2 5.1 121 Binga Dam Basic
{11-912) ‘ Sediment Yield Data
S 5.01 1 10°6 a*3/yr
1K) 0 i “8.11% 1.01 41,00 36,81 0,53 6671 -
i 14 111 0.043 4.8 0.53 5.53 L4 13220 {Yast Plamnieg Dan)
| 113 94 34 0.038 1.83 - 18,63 12.10 0.41 {361
flé 105 10% 0.043 11,57 . B2 - nn 1.6 - 81713
Sub-Yotal 1250 1% 3 VRN - 1 L1 303,03 16.37 © 974 Sap Noque proposed
{Xi-F16} _ _ _ " Dae Basin
mn 85 €0 L1T 15.88 3.9 ¢.29 4785 (M TO%)
Sub-Yobal 1338 1310 1.012 9%.98 37L.01 838.0¢ 10,65 8135 Agao River Basin
(81-517) ' '

1 T e T e e 0 e i e T R e b e Y

......................
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Table 3.2 {2/2) NATURAL SEDIMENT YIELD IN SOUTHERN CORDILLERA MOUNTAINS

---------------------------------------------------------------------------------------

{1 (2 {3}
Brea of sach Land '
. : _ (xe*2) _
fub-Rasim Rrea of  MownbaiR -----deewscsseceaciecmcasscnesewssns Porest Anneal Sedimeat Renarks
Upit o, Smh-Basin  Avea of Lamd Bare 5light Sediment Tield Hoentain Ares
Seb-Dasin hall Land  Vegitation Tield Rate in Sub-dasis
("2} (W2} ; _ Lawd (10°6 =*3}yr) (2"3/00"2 {71}
{k2) () (va) {n) {as} {HA:%)
| 11 151 151 0.020 - 13.50 50.40 g 1.13 8843
[ IR }31 n 2.9 W1 59.95 .15 18107 Lowar Ambayoan
¥l 46 40 8.20 1.76 30.04 .58 14537 proposed Pan
n 81 53 1L 4.60 37,46 0.81 1532 :
1 - B L L.3¢ 1.1 L6 0.18 3086 (¥A: 20%)
m ki | k1] o el 4.8 1108 A3 4.14 510
¥} . 2% b 0.018 6.27 g.81 AN .84 815 {Na: 208)
15 I} 1] oo 3.3 3.6 5.4 0.40 6682 (0 35%)
 ¥11 i i LI .17 10.5% 2.1 6,28 5395 (#n: €0%)
m o b} " 0.016 . L 16,14 0.05 3245 (N 158)
- m K] ] CoTad 1.4 58.08 - 4.40 1864
| P1] 1% 15 R W 0 RAE t.12 8083
138 ) 1] 8 ' 0.99 1.62 .29 0.02 301 (NA; 504}
w0 u Y] 188 A 4.08 5148 L 108}
|k} S 113 10 . 0.23 2.93 6.4 0.04 4208 {(MA: 18%)
13 13 5 8.3 5.49 50,19 g.12 UM {Hk: £5%)
| : 1! B ) 0.13 . 3.3t 10,582 0.64 3102 {¥2: 30%)
j k1] : 80 0.0 1M U 56,74 0,36 4501 _
136 ow 9 4.6 345 12.0% 1.8 6.43 4671 X 35,34 Bued Riwer
o Basin (MA: 901}
n § n o045 §.71 . 18,84 0.10 3654 {a2: 40%)
$ub-Total . 1268 515 0,340 83,81 154,34 §36.51 1.4 8038 Allied River Basin
(118-237) : '
Total ) 2603 2235 1,382 18319 5485.35 1534,5% 18. 4% 804 Horth Arex

{£1-137}
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Table 3.3  NATURAL SEDIMENT YIELD IN ZAMBALES MOUNTAINS
{1 {2} (3)
krea of each Land
{s°2) '
Sob-Basin  drea of  Bowmbdin ~e--mmeesee-ocescsssssmemmmmmvonscene Borest hness) Sedimant Renarks
Unit Bo. Sub-fasin  drea of fLand Bare Slight Sediwent Tield ‘Hongtain Ares
7 Sub-Basia Pail Lind  Vegitation . Yield Rate © in Sxb-Basin’
(a'2) {Ka"2) Laad {1076 2"3/yr) (v"3/%n"2/yr)
' “{ka) (B2) {va) {n) (xs). C{E)
51 11 48] 0.054 16.43 15,83 81,89 L 1143
§2 H 3% 0,425 1.67 &85 .46 £.5¢% 15157
$3 12t 121 1.02 11.12 102.86 0,66 5474 Lover 0'Dennel -
: " proposed Dam Site
M i 1% 17,60 0.402 1360 {Ma: 15%} _
£ m 283 0.304 wn 1_2.08 0.4 1.88 113 !alog-i_algg Dan Site
8¢ 11| i1 o.ld '-24.37 35,83 203._54 2,08 207 Noricnes ;rdyosﬁ!
: ' . it ]
§1 M 3 0.8% 33.14 0.05 1432
st 18 104 0.3 103,48 ol 1316 (#a: 15%)
54 al i3\ 0.28% 13.1) 1303 [LXR 1} 14l 4400 Caniling preposed
. . 111
510 plH n 1,04 1,80 1.1 0.10 5108
sn 4 | 0.3 2.51._ 18.11 0.06 . 7 907 (ME: §0%)
51 13 14 2.63 1385 %.12 8.38 3046 (XR: §08)
513 105 63 0.050 .87 51 §4.87 0.3 5147°(MA: &0%)
il 146 14 t.14 10.06 i0.41 163.34 0.9 1898 {88: §54)
515 i 130 ¢.01¢ 16.26 7.5 IR 1.40 16738
516 i I3 0.036 1.60 0,51 10.45 0.17 13100 (¥h: §08)
) T8 3 5.1 1.38 13.3 .4} 13367 (M2: 40%)
518 6 1} 2.0 8.57 2154 33.86 .76 11925
51% ] 8 015 0.2% 140 6.02 2657
820 54 LX) SR 12.1% 29.68 6.13 448 {2k 30
sl 17 1 6.5 L9 .51 0.2 3082 {Ma: g5Y)
51 Y £5 0.022 1_.31 15.38 4.3 ¢.23 - 4351 {xx: 50%)
Total n9 1949 LI 154.93 FOR]] 156137 H.n BI5 .
(s1-522)
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Table 3.4  COMPARISON BETWEEN VOLUMES DEPOSITED IN TAILINGS DAMS AND
FRODUCTION OF ORE

(3): (2)-(1)

y i Y
Nining Company Yailings Dam Period of Ponding Deposited Vol,  Total Vol. of
(yrs) in Tailings Dams Production of Ore  Gap
{mil. ton} during ponding
{ail. ton)
Philex Mines Ho. 1 i1 85.4 ¢l
{1997 - 1988)
Ho. 2 T 2%.3
{1981 - 1988)
Sub-Total 1 4.7 14,7 -10.0
{1977 - 1988]
Benguet-Corp. No. | 8 .1
{1969 - 1477}
Bo. 2 T 7.1
{1977 - 1988)
Ho. 3 2 .4
{1986 - 1988}
Sub-Total B 13,8 22.8 9.2
{1969 - 1988)
Itegon-Suyoc Wimes o, 1 1 0.8 0.8 t.0
: {1981 - 1988}
Total -0.8

123.1 128.3

Data Source : Nemorandus Report on Technical Data needed by DPHH and J1CA

Hote 1 (1

~ 8D . 63 ~

Ko, | Tailings Daa was washed out due to Typhoon "Dading” in 1976,



Table 3.5

ANNUAL SUSPENDED LOAD DISCHARGE OF FIXED POINT B-E

hanual Suspended Load Discharge

{1000 Ton/Vr)

(1000 cu. w/¥r) 1

Anbalanga River,
Downstreas of Denguet
Corp. and I.5.4.1, mines

Albian Creek,
Downsireas of Tailing's Dam
Ho, ! of Philex

" Hanaa Creek,

Downstrean of Tailing's Dam
B, % of Philex

661

41

Sub-Total

Agno River,
Downstrean of San Roque
Dan Site

(1: Unit weight of 1.6 Tonfcu. a was assuaed,

(2: Since the corelation between discha;ge and suspended
load is not observed, the average load of 455 Ton/day

was nsed for the estimation.
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‘Table 3.7  SEDIMENT YIELD IN BINGA DAM BASIN (1967-1986)

(1} (2) _ (3) (4) : (1) ~(2)}+(3)

Component Deposit Vol. Sediment Inflow — Sediment Outfow Sediment Yield
in Binga Dam From Ambuklao Dam From Binga Dam Vol. Percent

(10° m* ) (10° n® ) (105 m> )  (10°@® ) (%)

Sand, Gravel 12.7 - - C12.7 C 44
silt 13.3 2.4 5.0 15.9 . 56

Total 26.0 2.4 - 5.0 2B:6 100

Data Source : Report on Study of Ambuklao Dam Rehabilitation Project,
. JICA, 1988 :

Report on Study of Binga Dam Rehabilitation on’ Project,
JICA, 1989 :

Note: Sediment discharge from dam. reserveirs was estimated by assuming that all
of the sand and gravel were trapped in the reservoir but some silt were
discharged to downstream. Trap efficiencies of 97% for Ambuklao Dam and
86% for Binga Dam obtained from Brune's Diagram was used. '
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Table 3,8 ~ CONSTANTS FOR SEDIMENT DISCHARGE RATING CURVE

0o

EXISTING CHANHEE DESIGH CHAMREL
Reference  Bed Load (Ton/dsy) Suspended load (Ton/day) Bed Load(Ton/day} Suspended Load {Ton/ds)
Peint ALPEA  BETA ALTHA BETA ALPHA BETA ALPHA BETA
ABRD

-op-d 1.1 1.358 0.351 1,510 G.058 1,851 0.127 1.715

p-2 0.485 1.6 0.633 1.3 0.120  1.607 0.064 1.714

B-3 0137 1,388 0.025  1.6%6 0.260 1,387 p.028 1.1

Ped 0.401 - 1224 B,006 1811 0.909 1.145 4.016 1.773

p-§ 0128 130 0.086 1M1 0.376 1.2 0.176 1,637

B-§ 1.458  0.961 0.516  1.408 D575 1.4 0.250  1.547

p-7 N1 TR 1 1 0,237 1.559 0.311 1,266 -0.189 1.638

P8 1.113 1.642 0,401 1.471 0,512 1,181 0.184 1.678

p-9 0,150 - 1.128 0,035 1.7 0.2  1.13 0,080 1.701

P-10 0,450 - 0,868 T8 1451 0,058  1.208 0,002 -1.857
AKBAYOAN '

p-11- 0,008 .25 0.128 1400 3.965  1.295 1,382 1,649

P12 .00 203 0484 LTI 0.303  1.567 0.252  1.662
VERAT-DIPALO : _ _

P13 1.634 - 1.885 1.065  1.586 16,256 1.47% 2.483  1.562

P-14 1.18¢  1.718 0831 1.687 4,250  1.662 2.000 - .555

P-15 0.111 - L.461 C0LI2T 0 1L785 0.053 1.513 C.113  1.368
BANILA . :

P-18 £.320 1,364 §.240 158l 76,949 1.070 0,81 1717

p-17 0,037 1907 0.121 .44 17T 1500 0.064  1.806

P-18 0,752 L6 0.058  1.463 1.082  1.789 0,020  1.5T
TARLAC : :

P19 0.369 1,250 0,280 1.8 1,203 1,178 0.886  1.576

p-26 ) 1318 1.02¢ LI 1452 p.866  1.123 0,718 . 1.537
' BONKRELL : )

p-21. 42 0.688 1.3%4 - 0.288 1,721 4,088 1.1 0.280 1.727
HORIGNES _

p-22 €2 0.000  3.200 0.414 1.418 0.900 31.200 0.414 1.481
CANILING ‘

p-23 ) 0.472 1,330 0,100 1,753 0.007 2.325 0.135 1.215

p-2¢ D458 1418 0.013  1.780 0.059 1,858 0,006 2,017

p-25 <2 0.311  1.862 0,030 1,930 0,311 -1.862 0,030 1.930
BAYACAS - '

p-26 <2 1,215 1,535 6,026 1,837 1.215 1,535 $.026 1,937
TUBOY - _ '

p-27 ¢ 4,507 LS L7125 L.626 4,507 1,349 3.726 1,626
ANGALACAM : _

p-28 <2 6.532  1.443 - 62920 1530 6.532  1.448 0,920 1530
BURD '

P-29 <2 g7 LI z.388 1425 0.479 LMY 5,388 1.4

BETA
: Note; (1:; Qs'= ALPHA ¢ '
R ¥here, § :  Flov Discharge (ad/e]
Qs : Sediment Discharge {m3/fs)

<3 : River improvemenl is not carried out.
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Table 3.9  CALCULATION OF ANNUAL SEDIMENT  TRANSPORT CAPACITY

BXISTING CRANNAL DESIGH CHANNEL

Annual L _ .
‘Discharge Bad Load Sugpended Total " Bed Load Suspended Total
Base Point ' fioad _ lioad
(1000 cu.B) {1000 cu.¥) {1000 cu.B} (1000 cu.¥) {1000 cu.¥) (1000 cu.¥} - {1000 cu.M)

ACNO o _ _ .
p-1 3,024 169,58 127,14 296,72 152,94 148.92 . 301,86
p-2 3,188 AT 83.81 157.28 ) O I 81.65. 163.01
P-3 4,416 40,86 43.96 84.82 18,01 17.86 . . 155,87
[ §,112 19,75 40,92 90,67 17,06 58,08 129, 14
p-5 5,238 13,61 245,70 289,31 63.59 320,92 384,51
-6 5,272 15,28 2844 263,12 o 5L12 260,10 311,42
p-7 8,508 91,41 560.99 652,40 SN[ TN 645.84 750,92
-8 9,701 104,07 §35.03 . 738,10 83.52 . 1226.88 - 1310.40
B-$ 10,771 11.00 359,89 186.88 £2.23 562,08 - 604,31

P10 11,208 . 15.68 52,19 68.47 T18.01 §2.27 80,29
AKBATOAN : : x .
p-11 13 9,10 19.24 38,34 £4.94 28,08 93,62
p-12 - 726 N 2. Y2143 16.00 . 20.73 36.73
VIRAY-DIPALG. Sl
P-13 89 2.1 1.48 T4 17,95 3,24 21,19
p-14 129 627 3.07 9.33 19,33 6.87 - 26.20
P15 251 0.78 - 2.65 343 1.74 3.5 (.89
BANILA . : ' _ -
p-16 129 11.20 0.83 12,03 C 76,46 2,42 78.88
p-17 450 3.62 . 1,93 5,56 IR 2,89 25,64
Coop-18 526 .99 0,78 557 5.5 1 8.24
TARLAC . o
p-19 1,587 13,69 79.23 42,92 33.98 156.53 - 200.51
- p-20 1,581 11.27 117,80 135.07 R R 1 120.19 137,15
5" DONNRLE, _ _ . . _
p-21 528 10,33 11.32 91,65 10433 17,32 . L8
HORIONES _ o
P-22 <1 475 .00 23,36 23,38 0.00 23.36 23,36
CAMILING ' '
P-23 591 6,95 8,39 5.4 LB 14,82 22.64
p-24 1,150 24,57 4.01 28.58 T O B TSR N b
oo ' . .
p-25 <1 280 11.15 1.38 12.54 11.15 1.38 12,54
BATAOAS S
p-26 <1 B TY 1.9 0.34 5.28 4,94 0.34 - 558
TUBOY - o . o
p-27 <1 156 11.8% 20,98 32,87 11,89 20,98 30.87
ANGALACAN . :
P-28 <1 1 17,66 3.06 - 20,66 17,60 h06 20,66
BUED : ' - * -
P-29 <1 637 3,40 550 99.10 R kP 55,70 9910

Note : <1 : River improvesent iz net carried out,
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Table 3.10  ANNUAL SEDIMENT VOLUME OF EACH CONDITION

Unit z { 10600 /yr )

Reference Proposed Condition Present
Point/Stretch o AD (1) (111) Condition <1

--------------------------------------------------------------------------------------

(1) River Channel

Agno

San Roque - Santa Maria -209 -209 ~-209 2,514

Sants Maria - Hawa -146 -110 -146 -173
- Hawa - River Houth 1,761 1,025 1,728 3,917
Ambayoan L 1,185 1,185 ~35 2,413
Dipalo {Viray) 138 138 5 285
Banila ' 69 69 69 149
Tarlac 1,070 -126 -126 3,669
€ami}ing 532 532 136 1,009
0o 376 376 -14 766
Bayaocas 191 191 -5 385

{2) Dam Reservoir

-Ambuk lao : 1,597 1,597 . 1,597 3,262
Binga o 835 835 835 - - 1,717
* San Rogue : 2,704 2,704 2,704 -
Balog-Ralog 1,338 1,338 1,338 -

Horiones/Lovwer G'Donnell - 2,349 2,349 -

(3) Sabo Dam

Ambayoan : - - 1,216 -
Dipalo (Viray) - - 134 -
Lamiling S - 395 -
Olo - - 390 -
Bavaoas - - 196 -

(4) Retarding Basfn
Poponto Swamp 1,216 1,834 244 3,705
{5) Irrigation System

mIS : 208 208 208 396

LATRIS ' 22 22 22 76
Ambayoan RIS 71 71 n 140
Dipato RIS 1 11 11 20
SHORIS 49 4 4 97
Tarlac RIS 3 3 3 97

Camiting RIS 64 64 64 124

‘Hote: <l:’ Caleulation is based on the period from 1960 to 1986.

- SD .71~



Table 3.11  EXCESS SEDIMENT VOLUME TO BE CONTROLLED

- Ry (2) (3): (1)-(2)
Base Point of  Reference Point Design Sediment Desigh Allowable Design Excess
Sediment Control  Number " Discharge  Sediment Discharge Sediment Volume Remarks
: (10* > fyr) o malyr) to be Controlled
(10w fyr)
AGNO _
ap-1 - 1,681 - 1,681 Ambuk Tao Dam
8p-2 - 960 - 960 . Binga Dam
Bp-3 - 2,550 . - - 2,550 San Reque
' Proposed Dam
AMBAYOAN )
8p-4 P-11 S 2.439 1,313 1,126
VIRAY-DIPALO :
BP-§ P-i3 ' 68 55 13
BP-6 p-14 ' 200 126 74
BANILA
- Bp-7 P-16 131 145 1]
TARLAC
8p-8 - 1,304 ' - 1,344 : Balog-Balog Dam
Bp-9 a - 1,042 - 1,042 Moriones Proposed Dam
ap-10 - 1,349 ’ - 1,349 Lower 0'Donnell
Proposed Dam
CAMILING :
gP-11 P-23 791 418 373
oLo
BP-12 p-25 781 405 . 376
BAYADAS
BP-13 P-26 : 392 201 191
TuBoY
BP-14 p-27 600 333 267
ANGALACAN R
8p-15 p-28 120 81 39
BUED
BP-16 : p-29 : 890 844 36

Total 15,338 | 3,621 11,731
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Table 5.1 (1/2) MAJOR DIMENSION OF PROPOSED SABO DAM

Dam No. MName of River He'ight Width River Bed Coﬁstruction Total Ram Remarks
(m) - {m) Gradient  Cost (mil. peso) VYolume {m3)
D-1 Ambayoan 20 100 1/35 _ 70 1,190,000 Upper Ambayoan Dam Site
D-2 - ditto - 20 100 1/35 70 1,190,000
D-3 - ditto - 20 . 200 1/65 140 4,810,000 Upper Sapinit' Dam Site
D-4 - ditto - 20 100 1/70 0 2,380,000
D-5 - ditto - | 20 300 1/100 210 11,400,000
‘[)—6 - ditto - 120 150 1/30 105 1,620,000
Sub - Total (Ambayean) 665 © 22,590,000
D-7 Dipalo 20 100 1/20 70 680,000
D-8 Viray 20 100 1/5 70 170,060
D-9 - ditto - 20 100 1/12 ' 70 425,000
D-10 - ditto - 20 100 1/20 S 70 ' 680,000
D-11 - .ditto - 10 100 1/15 .40 205,000
Sub - Total (Viray) ' 1320 1,480,000
D-12 Cami ling 20 180 1/75 125 4,950,000 Camiling Dam Site
0-13 - ditto - 15 140 1/25 77 935,000
D-14 - ditto - 10 140 1/75 ' 56 1,875,000
Sub - Total (Camiling) S 258 7,760,000
p-15 0lo 25 150 1160 126 4,050,000 Pila Dam Site
016 -ditte- 20 00 . 1/3% .70 - 1,190,000
b7 -ditto- 2 100 B | o 1,190,000
D-18 | - ditto - 20 100 1135 - 70 1,190,000
| Sub - Total (0lo) ' | o _ 336 7,620,000
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Table 5.1 (2/2) MAJOR DIMENSION OF PROPOSED SABO DAM

Dam No. Hame of ﬁiver Height  Width ‘River Bed Censtruction Totai flam . Remarks
(m} (m) Gradient Cost (mil. peso} Volume {m3)
0-19 Bayaoas 20 . 180 1/75 125 4,950,000 Gayapas Dam Site
.20 - ditto - 20 150 1765 " 105 3,510,000 Kalipkip Dam Site
ozl - dito - 15 100 1/40 65 1,020,000
D-22 - ditto - 15 140 1/25 77 : 935,000
Sub - Total {Tuboy} : 362 5,465,000
923 Angalacan 15 . 80 1/25 a 485,000
D-24 - ditto - 5 - 100 1/15 55 380,000
Sub - Total (Angalacan} oo . 09 : 865,000
D-25 Bued 200 100 1/45 70 X '1,530{000
D-26 - ditto - 20 100 1745 70 1,530,000
b-27 - ditto - . 20 100 1}45 70 1,530,000
D-28 - ditto - 20 100 C1/15 70 510,000
0-29 - ditto - 20 100 1/25 70 850,000
D30~ -ditto-~ 200 100 1/15 70 510,000
0-31 - ditto - 20 100 /10 .70 : 34b.000
0-32 - ditto - 20 100 1/10 70 340,000
Sub - Total {Bued) _ . 560 7,140,000
Total : . 2,600

fote: The construction cost of each dam was estimated in proportion to the
volume of dam, based on the estimation that the cost of dam of 20 m
in hejght and 100 m in width was 70,000,000 pesos. :
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