





‘6. SEDIMENT ANALYSIS
Sediment analysls deals with:

i). Amount of natural sediment yield from the watérshed :
ii) Discharge of mine tailings

iii) Sediment balgnce in the river channels
6.1  Estimati0ﬁ of Sediment Yield
6.1.1 Natural Sédiment Yield
(1) ‘sources of Sediment Yield
'The sediment.yieldISOUrces are categorized as below:

A Natural Sedlment Yield
al. er031on of ground surface
a2. landfall, landslide
a3. erosion of river bed and channel
B. Artificial Sediment Yield
. bi. agricultﬁre development, deforestation
b2, road construction

"b3. mine tailings

- In the watershed of the Study Area, the major artlflclal sedlment yleld

sources are 'c0n51dered to be mine talllngs and road ccnstructlon.

For . estimating the natural sediment yield the sediment yield due to
agrlcultural development &nd deforestatlon ‘is treated as the exiéting

COndlthﬂ in the mountaln area.
2y ClééSification of Watershed

The watershed of ‘the 'Gtudy' Aréé 'is lelded 1nto three, Southern
bedille:a'mountains, Central Luzon Plaln and Zambales ‘mouritains. It . is
“assumed that the sediment yield from the Luzon Plain is negllglble, Most' of

the sediﬁént'_is_ yielded from the Southern Cordillera “mountains and the



Zsmbales mountains. The watershed of these mountain arzeas ig divided into

four classes for assessing the potential sediment yield as defined below:

: . . Condition of _ . Tone: in
Classification land aerial photograph
LANDFALL landfall/landslide area white

{La) without vegetation

(high yield)

BARE LAND bare land with almost white or light
(Ba) no trees and grass gray '
{medium yield)

PARTTIAL mixed with bare land : light gray or gray
FOREST LAND and forest/grass ‘land : I

{Val . _ {low yield)
FOREST LAND fully covered with forest dark

(Fa} and grass (little yield)

(3) Natural Sediment Yield

The watersheds of the Southern Cordillera mcuntaihs gnd ﬁhe Zambales
mountains are divided into 37 (N1-N37) and 22 (81-522) 'sub-baéins
respectively. The sediment yield potential of these sub-basins is_assessed

in terms of the. foregoing four classes by'-use' of 1:69,000'.s¢ale aerial

photographs taken in 1980-1981.

Areas of these four classes are measured for each sub-basin and the
natural sediment yield is estimated for each sub-basin by use of the formuia

below.

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

Where,
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NS : Natural sediment yield (m3/year)
la,ld : Area and yield depth of landfall;
assumed Ld = 500 Fd

Ba,Bd _+. Area and yield depth of bare land;

v.o .. 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

There is no regiment records of sediment yield except those of the

Ambuklao and Bingé'dams.

The sediment yield depth of fqrest land (Fd) at Ambuklac and Binga dam
sites is; therefofe, courited backward to be 1;3 mm {Fd)-from the recorded
annual sediment yield at both reservoirs; 3.71 x 106m3!year for the Ambuklao
and’ 5,01 ¥ '106m3" for the' Binga. The  record of sedimént.‘yield ‘at ‘the
Anbuklao and Binga dams is shown in Table 6.1.1. '

“The eéstimated natural sediment yield 'is shown in Table 6.1.2 for the
Southern Cordillera mountains and Table 6.1.3 for the Zambales mountains.
The aerial :distribution ig ‘shown in -Figure 6:1.1 and Figure 6.1.2

respectively.

The " estimated annual average natural sediment yields are summarized

below:
. . S Cafchment* Annual Natural Sedlment
Site ' Area (km2) ‘Average ' Average
R ' o ' Yield Rate =~ . Yield
(m3{km?/yr) (10%m3 fyr)
Ambuklao Dam ' 617 5,400 3.3
Binga Dam o 860 6,100 5.3
San ‘Roque Dam _ 11,2500 787300 10.4
Agno River Basin (Nl!) ‘ 1,310 _ 8,100 10.7
.- Allied River Basins (N18-N37) 975 . . 78,000 . 7.8
__ Southern Cordillera (N1-N37) 2,285 .. 8,100 18,5
Zambales (s1-822) C U i,e49 T 7,400 14,4
6

e
-

LStudy Atea (Nl 37 & S1- 322) . R o 7,800:

* 1 Mountaln:area-only:'
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6.1.2 Discharge of Mine Tailings
{1) Production of Ore

. The southern area of the Cordillera Central. Mountain Range is the most
important mining district in the:Philippines and is dotted with many cbpﬁer
and gold mines as shown in Figure 6.1.3. There are .three major mine
companies in the Agno River basin. The annual average production of ore by
the three'éompanies is reported to be 10,837,000 tons, and their main
disposal systems are provided ‘to. convey and deposit milled tailings in the
tailings dams. The present state of these mining activities -and'disposal

systems is summarized in Table 6.1.4.
(2) Monitoring Sediment Yield

The report "Restudy of San Rodue Multi?purpoée Dam Project® (JICA,
1985) dealt with the flow amount of Jmine tailings : and monitored'-thé
suspended load downstream of major tailings dams. The annual suspended'lbad
at three stations (B, C, D) iocated downstream of the three majof mining
areas {(see Figure 6.1.3) is estimared from monitored records as shown in
Table 6.1.5. The total annual suspended load at these sites, which is
composed of natural sediment and partly of sediment from mine tailings, is

estimated at 640,000 m3/yr (or 1,020,000 tons/yr).
(3) Sediments Deposited in ARIS

The results of grain size distribution analysis of sampled sediments iﬁ
the hain and lateral canals of Agno River.lrrigation Systei (ARIS) show that
the major componeﬁt (about 202) of tﬁe sediment’ is sand {larger than 0.42
mm). On the other hand, over 607 of the samples taken from the mine tailing

dams are composéd of silt and/or clay (smaller than 0.074 mm).

(4) Tailings Dam and Related FaCilities

A series of site reconnaissances over ‘the mlnlng areas and - Lalllngs
dams of the three mine companies were ‘conducted from June to Septembery
1989.. The inspection results suggest - that the treatment of mlne taillngs
“"wag done fairly well and no particular defects 1n ;he tailings. dam

structures were observed, at least during the inspection period..
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{5y Preliminary Assessment of the Amount of Mine Tallings

It is rather difficult to assess the sediment discharge amouunt from the

ekisting mines quantitatively since there is no definitive records.

However, the findings described in the foregoing paragraphs suggest
that it is rather difficult to assume that the major source of the sediment
deposited downstream of San Roque in the Agno River, especially in the ARIS

irrightion 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, in the order of 10
milliion m3/year.

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

3) -The amount of ore milled from illegal mines is hot increased.

In case the production of ore is increased in the future, it will be
necessary to improve the disposal system and to impose legal controls on the

illegal mines.
6.2‘ Sediment Balance Analysis
6.2.1 River Bed Fluctuations in the Existing Chanmels
A Study on river bed fluctuations in the existing channels of the Agno
River main course, the Tarlac River, and the Banila River was conducted by

using river bed oross sections surveyed inm 1981 and 1989, The results are

summarized ag follows:
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River Stretch : condition of River Bed Fluctuation

Agno  River mouth - Wawa Aggradation; especially large sedimenta-
' tion from river mouth to Urbiztondo

Wawa - Santa Maria Degradation; scouring -the narrow pass
around Carmen Bridge.

Santa Maria - San Roque Aggradation§ the alluvial fan formulated
with river bed materials composed of
large sized grains

Tarlaé . Confluence - Tagumbao Aggradation; at Poponto Swamp and the
stretch from Paniqui to Tagumbao

Banila  Confluence - Lapaz Degradation
Lapaz - Umingan Sediment deposition

The deepest river bed fluctuation and annual sediment volume of the
existing channels of the Agno River, the Tarlac River: and, the Banila River
are illustrated in Figure 6.2.1. No records are available for the other

rivers.
6.3.2 Sediment Transport Capacity
{1} River Bed Materials

Sampling of the river bed materials was conducted by the Study Team and

gradation tests wére done by DPWH during the study period.

The sampling sites for river bed materials were selected along the
courses'df the Agno River, its major tributgries and - the -Allied Rivers(
Their Jlocations and particle sizes are shown in Figure.é,z.z._f River bed
materials in the upper reaches of the Agno River down to 3San Mahuel_are 
composed mainly of gravel and coarse sand (2.0;76.2 mm). The main bed
materials gradually change into sand from the beginning of the'ailinﬁl fan
in San Manuel to the conflyence with the Tarlac River at Wawa (0.074-0.42
mm). At Wawa and the rivermouth, the content of sand and silt:ihbfeases.up
to 50%Z. Tn the lower reaches of the Agho River, the bulk of the sediment is

composed of silt (smaller than 0.074 mm).
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(2) Sediment Discharge Rating Curves

“The following formulas are employed for estimating the sediment

discharge rating curves:

Bed load :  Sato-Kikkawa-Ashida's formula
suspended load : Lane-Kalinske's formula
Wash load . Quws = A Qul

Where,

Quws : Volume of wash load (fons/day)
A : Constant

e

Flow discharge (m3/sec)

The grain size diétribution obtained from test results of sampled river
bed materials is used for the calculation.- The reference points of the
sediment dischaxge.rating Ccurves 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 of the reference points is shown in

" Figure 6.2.3.
(3) Annual Sediment Transport Gapacity

‘The annual sediment transport capacity of the Agno River and its
tributaries is estimated by_using the factors of the sediment dischazge
rating curves presented in Table 6.2.1. The estimate is based on the daily

'discharge for twéﬁty;seven years from 1960 to 1986 at San Rogue.,

- The transport capacity of  the Agno River decreases in the transition
. portlon between the mountaln area and the alluvial fan,and tends to increase
in the narrow stretch from Santa Maria to Wawa.  The capac1ty of the design’
Channel in the Framework Plan is mostly much “larger than ~ that of the

exlstlng channel, the dlfference is about 570,000 m3fjr:at the maximum
point as- shown in Flgure 6:2.4. '_The tendency'of -Cépacity-fluctuation

between the existing and the de31gn conditions is approx;mately the same.
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Table 6.1.1 SEDIMENT YIELD AT AMBUKLAO AND BINGA DAMSITES

o
.

8.
9.
10.
11.

i2.

Item Unit Awbuklao Binga Remarks

Drainage Atea km2 617 860

. Sedimentation Record oil.m3/yr. 3.6 1.2 {2y~ 1D
Pariod ¥ra. 3001956-1986) 26{1960-1986)
Sediment Voluma wil.md 108 31.32
Annual Inflow wil.m3 1287 <1 1807 <1 A
Annual Runoff Dapth L 2,085 2,101 (6)}=(5)f(1}
Ragervoir Capacity .mil..mS 329 87.4
Capacity/Inflow - 0.26 0.048 (8)=(7)/(5)
Trap Efficimncy X 97 85 by Bruna’s Diagram
Sediment Trdpped by Upper Dam wmil,w3/yz. ~ 3.8
Sediment Yield nil.m3/yr. 3.71 5.01 (11)=(2) {9 +{10)
Sadiment Yield Rate n3 fin2fyr. 6,143 5,917 (12)=1 il)l{l)

Data Sourca ! Sedimentation Studies of Ambuklao & Binga Rasarvoir, RAPOCOR, 1938

Hota 2

<1 t Re-Study of the S5an Roque Multi~-Purposs Project Final Report, JICA, 1985



“Table - 6.1.2 - ‘NATURAL: SEDIMENT YIELD IN SOUTHERN
CORDILLERA MOUNTAINS (1/2)

)] Area of cach Land (2) 3}
Mountain (km2) - Anmeal  Sedimem Remarks
Sub-Basin® Arcaof - Aresof Land Bare Parial Forest Sediment Yield Mountain Ares
Unit No. Sub-Basin Sub-Basin Fall Land Forest Yield Rate in Sub-Basin
(kra2) Gem2) Land : (L0A&3fyr) (m3km2fyr)
(La) (Ba) {Va) (Fay = (MS) ) (MA:%)
‘M1 48 48 0,023 0.24 21.03 2671 0.20 4,208
M2 56 56 1303 4297 Q14 2510
M3 60 60 0.018 1L.54 41.77 16.67 0.40 6,750
Md 33 33 0.015 0.27 8.62 24.10 0.11 3474
M5 55 55 0.048 1.78 16.17 37.00 0.30 5,457
M6 68 68 0110 2.29 . 19.62 45.98 041 5,995
M7 -4 43 0.030 1.52 10.14 S8 022 5422
M8 12 72 0.009 437 16.92 50.70 0.47 6,469
M9 103 103 0.086 298 16.33 B0.60 0.48 4,660
MI10 81 81 0.187 4.10 2192 54.79 0.60 7429
Sub-Total 617 617 0.526 19.09 188.55 40883 33 5413 . Ambuklao Dam Basin
(MI1-M10} " Sediment Yield Data
7371 X 10AGmdfyr
M1 43143 0.122 748 2448 11092 087 6,076
MI12 100 100 0.117 10.67 . 3272 56.49 106 10,557 - -
Sub-Total 860 860 0.765 37.24 24375 576.24 5.26 6,121 Binga Dam Basin
(M1-M12) Sediment Yicld Data
. 5.01 x 1076m3fyr
M13 80 80 0.125 2.07 41.00 36.81 0.53 6627
Mi4 i il 0.043 44.90 20.53 45.53 3.14 28,280  (Tanu Planning Dam)
MI15 94 94 0.036 2.63 18.63 7270 0.41 ‘_1.361
M6 105 . 105 0.043 11.97 19.22 3.7 © 103 8,779
Sub-Toal 1250 1,250 1612 9881 34513 80505 1037 8296  San Rogue proposed
{M1-Mi8) Dam Basin
M17 85 60 117 2588 3295 0.29 4785  (MATO%)
 Sub-Total 1,335 1,310 1.012 99.98 -371.01 838.00 10.66 8,135 Agno River Basin
(MI1-M17) '
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;. Table 6.1,2° NATURAL SEDIMENT YIELD IN SOUTHERN
CORDILLERA MOUNTAINS (2/2)

) " Aren of ench Land ) (3)

Mountain . : (km2) : Annual  Sedimént Remarks
Sub-Basin  Areaof  Aredof Land Bare Paztisl Porest©  Sediment Yield Mountain-Area -
UnitNo. Sub-Basin Sub:Basin Fall Land " Forest - " Yield Rate " in Sub-Basin
E&m2) Gm?) - S : Land _ (10°6m3/yr) (m3/km2pyr) :
. La (Ba)’ (Va) (Fa) (M3) MA:%)
Mis 151 151 0.020 13.50 -50.,00 §7.48 133 8,303
M9 11% 119 28.94 30.11 59.95 2.15 18,107  Lower Ambayoan
M20 - - d0 -40 820 176 30.04 058 14,587 Propased Dam
M2t .53 53 1134 4.00 37.66 0.81 15322
M2 - -5 0 50 : 1.30 1.25 471.45 015 3,086  (MA:Z0%)
M23 39 -39 0.047 .54 4.10 3431 0.14 3,510
M24 2% 6 0.018 0.27 0.81 490 004 6815  (MAZO%)
M25 69 66 0.077 3.38 9.63 5286 040 6082 (MAS95%)
M26 73 44 0.112 1.17 10.58 3214 0.26 T 5805 (MAS0%)
SM2T .- 93 14 . 0016 3.24 1074 0.05 3245  (MA:15%)
Mz8 75 75 : : 7.04 9.58 58.08 0.60 7964
M29 18 1S 127 401 9.72 0.12 8,083
M30 16 8 049 1:62 6.29 0.02 3070 (MA:S0%)
M3l 20 17 : 0.23 12.58 4:42 0.09 5,148 (MA:R0%)
M32 Tlese 10 - : 293 6.84 0.04 4289 (MA1SR) -
M33 66 56 012 5.49 5009 . 012 2174 (MASSE)
M34 caa 13 . 0.18 2.30 10.52 0.04 3,102 (MA30%)
‘M35 80 - ‘B0 G.034 1:94 2124 56,79 036 4,501 -
‘M6 102 92 0016 365 s 1628 0.43 4631 M135.36 Bued River
' o ' Basin (MA:90%)
M3T - 6T L2 045 . 6T1 19.84 0.10 3654 (MA40%)
Sub-Toial 1268 = 975 "0.340 $3.81° 19434 696:50 7.83 8,038  Allied River Basin
Mis-M3T s ' ‘. . :
Total 2,603 2,283 1:352 183.719 565.35 1,534.50 18.49 8094 Nonh Area
MI1-M37) .




Table 6.1.3 NATURAL SEDIMENT YIELD IN ZAMBALES MOUNTAINS

1) Area of each Land (2) (3)
Mountzin {km?2) . Annual Sedimem Remarks
Sub-Basin - Arcaof  Arcaof Land Bare Partial Forest ‘Sediment Yield Mouhtain Ares
Unit No. Sub-Basin Sub-Basin Fall Land Iigrest Yield- Rate - in Sub-Basin -
km2) {kra} Lawd (1026m3/yr) (m3kmfyn)
(La) {Ba) (Va) (Fa) (MS) {MA:%)
51 119 118 0.054 18.43 15.63 84.89 1.44 12,143
82 39 19 0.025 7.67 6.85 24.46 0.59 15,157 :
S3 121 121 7.02 F1.12 102.86 0.66 5474 Lower O'Donnelt
) : proposed Dam Site
S4 29 17 . ©17.00 0.02 1,300 (MAT5%) ;
S5 283 283 0304 32.21 12.08 238.41 268 9,459 Balog-Balog Dam Site
56 254 254 0.104 24.37 2589 203.64 2.08 8,207 Moriones proposed Dam
57 34 34 . 0.86 33.14 0.05 © 1,432
58 i38 104 . 0.32 103.68 0.14 1",3]6 (MA:75%)
59 221 221 0284 13,73 13.13 193.86 141 6,400  Camiling proposed Dam
s10 20 20 1.08 1.30 1712 019 5,208
Sii 42 21U 032 2.57 18.11 006 2807 - (MASO%)
s12 190 114 203 1385 98,12 035 3,066 (MA:60%)
513 105 63 ' 0.050 2.87 5.21 54.87 032 5,147  (MA:60%)
Si4 146 124 0,190 10.06 w41 10334 098 7,898 (MA:RS%)
S1s 130 130 0.074 16.26 27.54 86.13 1.40 10,738
S16 21 13 0.036 2.00 -0.51 10.45 0.17 13,100 (MA:60%)
S$17 78 © 30 527 738 18.35 041 13,367 (MA:40%)
5i8 64 64 0.034 8.57 21.54 33.86 0.76 11,925 -
s19 -8 E 015 0.25 7.60 002 2,657 -
S2¢ 54 43 1.13 j2.19 29.68 .19 4,448  (MA:BO%)
821 72 - 61 0.50 2299 37.51 023 3182 (MA:35%)
822 129 - 65 0.022 1.31 19.35 44.32 0.28 4351 (MA:50%)
Total 2,297 1,949 1.177 154.98 231.47 i,361.40 14.34 7375
{51-322)

94 -



Table €.1.4

SUMMARY OF OPERATING MINES ALONG AGNO
~AND BUED: RIVERS :

Produgtion

o Daily Tailing Dam. Stant - Present : o
- Mine of Ore <1 Milling Capacity of Darmn Cost Remarks
(1000DMT) Capacity (MT)  (MT) Use Status
A. AGNORIVER
1. Philex Mines 9,521 . 27,500 Dam #1 1969  Completely = PIOM  in 1976, the dam was washed
Copperore 85,375,342 filled-up " out due to typhoon "Dading".
(Dec. 1988) It was re-built the same year.
“Dam #2 1981 - S51%full P38 M
57,417,615 (good until
Feb. 1991)
Dim#3  Jan 1990 under P84S M
142,506,768 construction . {inigal --
construction
cosL)
2. Bengu'et.C'orp._ 1,199 3,500 Dzm #1  Mar. 1969 Completely P633M  of the towl mill wailings
- - 6,121,000 filled-up ‘ pmdudl'ei:l_, 16% is recovercd
June, 1986 25 sandfil for underground
openings and the remaining
- wolume is impounded inthe
. dams, "
Dam #2  June 1977 Complesely P56.03M * dnderground cpenings and the
7075000 filled-up remaining volumeis
Nov. 1986 impoundzd in the dams.
"Dam#3  Nov.1986 10%filled- P3S3I6M  this dam will be constructed
3.930,000 upasof S [ inwwo stages.
" May, 1988 C
3, Tiogon-Suyoc 117 350 109,724 1981  76%filled PI326M dam consiruction is atill
© Mines going on
Sub-total 10,837
. B.BUEDRIVER .
L Benguet Bxplo. .~ 62 150 Tailings gie being dumped
Inc. : into their underground opening,
Surface ponds are used &3

contingengy meas.

Data source: Memorindum Repﬂﬂ on-Technical Data needed by DPWH and JICA
Note &1 { Average from 1985 io 1988



Table 6.1.5 ANNUAL SUSPENDED LOAD DISCHARGE OF FIXED POINTS B-E

Fixed Point

Location

Annual Suspended Load Discharge

(1,000 tonfyr)

(1,0{)_0 cu.m/yr) ‘<1

Ambalanga River,

124 |

B Downstream of Benguet 198
' Corp.-and 1.3.M.1. mines
~ Albian Creek,
C Downstream of Tailing's Dam 661 413
No. 1 of Philex '
‘Manaa Creek, :
D Downstream of Tailing's Dam 159 <2 99 <2
No. 2 of Philex
' Sub-Total 1,018 636
-+ Agno River,
E Downstream of San Roque 5,163 3,227
~ Dam Site
<1 : Unit weight of 1.6 tonfcu.m was assumed.

Notc :

<2 : Since the correlation between discharge and suspended
‘load was not observed, the average load of 455 ton/day

was used for the estimate.
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Table 6.2.1 CONSTANTS FOR SEDIMENT DISCHARGE RATING CURVE

. EXISTING CHANNAL DESIGN CHANNEL
Reference Beid Load (ton/day} Suspended Load (ton/day) Bed Load {ton/day) Suspended Load (lonilay)
 Poimt ALPHA BETA ALPHA ~ BETA ALPHA BETA ALPHA RETA
AGNO .
P-1 1.124 1.358 0.357 1.510 0.058 1.851 0127, 1915
pP-2 0.485 . 1346 0.633 1.322 - 0.120 1607 0.064 1714
P-3 0.137 1.386 0.025 1.576 0.260 1.387 0.028 1.74%
P-4 0.401 1224 0.006 1.871 0.909 1.ids 0.016 1773
P-5 0122 1.377 0.086 1.707 0.376 1,254 0.176 1637
P-6 1.458 0961 0.516 1.403 0.575 1.145 0.250 '1.547
P-7 0.554 1156 0.237 1.559 0311 1.266 0.159 1638
P-§ L.E13 1042 0401 1471 0512 1131 0.184 1.678
P.9 0.150 1.128 0.035 1.714 0.230 1131 © 0.060 1101
P- 10 0452 0,368 0031 - 1451 0.056 1.208 0.002 1857
AMBAYOAN ' _
P11 000 2215 0128 1.809 3963 1295 0:382 1.649
P-12 0.007 . 2.143 0414 1.571 0303 1.567 0.252 1.658
VIRAY-DIPALO
P-13 1634 . 1685 1.063 1.596 16.256 1477 2.483 1.562
P-14 1.184 1718 0.634 1687 4250 1662 2.009 1558
. P-15 0.111 1461 0.127 1.785 0.053 1913 0.113 L8366
BANILA _ o '

' P-16 5320 1.364 0.240 1.561 70.949 1.070 0.871 L7117
P 17 0.037 © 1907 0.121 1.449 1177 " 1.500 0.064 1.806
P-18 0152 1146 0058 1.463 0.082 1.789 0.020 1576

TARLAC :
P-19 0369 1250 0.281 1.654 1293 1178 0.884 1.576
P-20 1318 1029 1174 1.452 0.866 1123 0TS 1537
O'DONNELL o _ '
P21 <2 0.688 1.374 0.280 1721 0.688 1374 0,280 1727
MORIONES o : '
P-22 < 0.000 3,200 0.414 1418 . 0.000 3,200 0.414 1481
CAMILING . : )
pP-23 0472 1.330 0.100 1.753 0:007 2325 0135 1815
P24 0458 1418 0.013 1.780 0,059 1.858" 0.006 2017
OLO _ : :
' P-25 <@ 83N 1862 0.030 1.930 031 1862 0.030 1930
BAYAOQAS ) :
‘P-26 <2 1215 1.535 0.026 1.937 1215 1535 0.026 1937
TUBQY o ' '
P21 o« C 4507 1349 3335 1.626 4507 1349 3725 1626
ANGALACAN - : .
P28 2 6532 1448 0.970 " 1530 6532 1.448 0.920 1530
BUED .
P29 2 QAT 1,747 2388 1.423 0479 1747 2388 1425
Note : <1: Qs=ALPHA * QMBETA

Where, Q :Flow Di_sc_hurgc (ﬁﬂ/s) )
Qs : Sediment Discharge (m3/s)

<2 River improvement is not cerried out,
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7.  GEDLOGY
7.1 Physiography of the Study Area

Physiography of the Agno River basin is divided into three provinces.
One is the South Cordillera Mountains. This province is the northern
mountainous area ranging in altitude from about 70 to 2,900 meters, and
incivdes the Agno, Aﬁﬁayoap, Tuboy - and Buad Rivers. The second is the
Central *Luzon Plain. ‘This province is the central widespread plain area
rahgfng'in altitude from 0 to 380-meters,'énd includés the Agno and Tarlac
Ribers'aﬁd“the‘Popontd-swamp. The third i& the Zambales Mountains. ~ This
ﬁfoﬁiﬁce 1§ the southweStern mountainous area ranging in altitude from about
20 to 1,700 meters, ‘and includes the 0’Donnell, Moriones (Bulsa) and

Camiling Rivers.
7.2 Gebdlogy of the Agno River Basin

‘The Agno River ‘basin ‘is underlain by sedimeéntary rocks, igreous rocks
and ‘métamorphic rocks of Jurassic to ‘Quarternary &age as ‘shown in Figure
7.2.1. Sedimentary rocks consist of sandstone, conglomerate and siltstone
of Tertiary age. These sedimentary rocks are diétributed-in the - Bued and
Tuboy River'basins,'upper and downstréam basin of the Agnd River and eastern

.area of the Zambaleg Mountains.

‘The ipneous rocks are divided into volcanic and. intrusive rocks. The
voleanic rotks consist of andesetic to dacitic ‘plugs and basaltic to dacitic
lavas and pyroclastics bf Quafernary'&ge.='Thése plugs are exposed in Mt.
Pulag, Pinatubo and isolated mountains in the Central Luzon Plain and
eastern foot of the Zambales Mountains. The intrusive rocks consist of
diorite of Neogene sge “and ultramafic rocks of Cretaceous o Paleogene ‘age.
The' former called ‘the “Agho bathollth is w1despread in- the South’ Cordlllera
Mountains . The latter con51sts Tof predomlnantly peridotite, gabbro, and
diabase dykes,:comp031ng md jority’ qf the ‘Zambales Mountalns.

‘Metamorphic rocks are the ‘oldest ‘rock in' 'the basin” and’ consist of
. .metaSQdiments'énd_met&?olcanics of'ﬁrobably jufésSic, ' Neogene age. These.
rocks are widesﬁréad in" the South Cordillera-Mountainé and exposed in a

Alimited'ﬁfé330f the'ZEmBéies'Mountains;'

_-;051;



7.3 Geology of the Planned Dam Sites

The geological line of the five damsites selected through the Dam and

Retarding Basin studyis are described hereinafter.

San Rogque damsite

The feasibility study was prepared by Electroconsult (ELC) in 1881,
The damsite is underlain by diorite complex and is considered to be in
comparatively good condition from a geological viewpoint., ELC assessad
that the fault zones are filled wlth clay and silt that constitute
impervious screens. However, further dinvestigation of the
characteristics of these faults will be required. The geological map. is

shown in Figure 7.3.1.

Lower Ambayoan damsite

The damsite is underlain by metavolcanics, and is considered to be in
good geological condition. An investigation of the damsite and
reservoir, especially concerning the inferred fault along the Ambayoan
River and the inferred landslide, is required. The geological map is

shown in Figure 7.3.2.

Lower O'Donnell damgite

The: damsite is underlain by sedimentary rocks that are sandstone,
siltstone and conglomerate, and is considered to be im good or
aceeptable geological condition. A problem in the reservoir area is
water leakasge from low saddles. At least two saddle-dams are

necessary. The geological map is shown in Figure 7.3.3.

Moriones damsite

The damsite that lies next to Lower O’Donnell damsite is undexrlain by
sedimentary rocks, These rocks are sandstone, siltstone and
conglomerate. The damsite is considered to be in good or acceptable
geological condition. A problem in the reservoir area is water leakage
from low saddles. At least five saddle dams are necessary. The

geological map is shown in Figure 7.3.4.

Camiling damsite

The damsite is underlain by ultramafic rocks that are gabbro,
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peridotite and diabase dyke. In the reservoir area there are several
landslides that might be dinduced to slide by impounding, These
landslides occurred in a mainly peridotite area. The damsite is
considered to be in acceptable geological condition. The geolégical

map is shown in Figure 7.3.5.
7.4 Geotechnical Assessment of Dike Foundation and Materizls

The foundations of the planned dikes along the Agno River have little

problem with consolidation settlement.

Rehabilitation of the broken dikes near San Roque has continued for
about thirty years, and the existing dikef location has moved  about 300
meters west of the old dike. The old dike, which is made of silty clay and
sand, was eroded ‘and broken by the swift velocity of the Agno River in the
narrow river channel during flooding because of its poorly graded sand and

gravel materials.

The hilly areas are composed of weathered sedimentary rocks and terrace
deposits and may be a suitable source for dike material. Materials in plain
:areas may be also suitable for dike materials if coarse material and fine

material are.blended well together.
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GEOLOGICAL MAP OF MORIONES DAMSITE

{See Legend in Fig. 7.3.6)

Fig. 7.3.4
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8. MASTER PLAN FORMULATION CRITERYA
8.1 Basic Concept
§.1.1 Defiﬁition of Flood Control and Sediment Control Plans.

The comprehensive flood control master plan is . composed of':flood
control and sediment control plans. The Study focuses on the flood control
plan but also studies the sediment cohtrol'at a conceptual level only. The
" flood forecasting and warning system is studied as a paft of nonstructural

measures.
8.1.2 Flood Control Measures:Subject to Master Plan

.The flood: control structural and non-structural measures.which are to

be studied in the Master Plan are listed below. .
(1) Flood Control Plans

Flood Control Dams
b. - Flood Retarding Basins

S ¢ River Impr0véments
- Improvement of channel alignment including short-cut
- Comstriction of diking “systems
- Deepening and Widening of river chanmels
- Riﬁer'bankrprbiection {Revetment and Groin)
'L ‘Other appropriate facilities o

d. Floodway
(2) Sediment Control

a. -Sediment Control in Watershed
. Sabo -dams and other facilities
- Afforestation -
- Legal.aﬁd'structural measures for prevepting mine tailings
discharge . . . o
= Legai and structural measures for ‘preventing landslide -and -

soil.erosion due to . road construction
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Afforestation and legal measures for tailings discharge and
road construction are not covered by the Master Plan and

are limited to recommendation for further study only.

b. River Improvement
- Channel improvement for flushing sediment

< Riverbed excavation andfor dredging
(3) Hon-structural Measure
a. Flood Forecasting and Warning System

8.2 Definition of Fremework Plan and Long Term Plan

The Master Plan is composed of two staged plans, the Framework Plan and
the Long Term Plan. fThe Framework Plan:is defined as an ideal portrait of a
flood control plan which is to be achieved in thée unspecified future. The
Long Term Plan is defined as & stage development plan of the Framework Plan

which is: to be achieved at the target year of 2020 {30 year-long term plan}.

The: flood control target and planning period of these plans are

specified below.

a. River Improvement and Floodway

Flood Control Target _ - Planning Period

(1) Framework Plan
- Main Agno River and o
Tarlac River 160 year flood :Non-specific‘futhre:plan
- Other Major '
Tributaries of : _ .
Agno River -+ " 50 year flood .~ ditto
- Allied Rivers ' 50 year flood _ :. ditto

(2) Long Term Plan o _
- Agno River . - Feasible scale ' 20 years (up to 2010)
-~ Allied Rivers . Feasible ‘scale -20'years'(up;td'2010)
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b. TFlood Control Dams and Retarding Basins

Flood Control Target

(1) Framework Plan . o _
- Flood: Gontrol Dam 100 year flood Non-specific future plan
- Retarxding basin = 100 year flood ditto

(2} Loﬁg Term-Plan
- Flood Control Dam 100 year flood 20 years (up to 2010)
- . Retarding basin Feasible scale 20 years (up to-'2010)

8.3 Alternative Study Criteria
8.3.1 River TImprovement and Floodway

Rivers subject to the Framework Plan are listed below:

River basin o _ River system

(1) Agnb River Main stream, Ambayoan, Viray-Dipalo, Banila,
__' Tariac, Camiling
(2) Allied Rivers Main stream of Cayanga Patalan Bued
‘Aloragat, Angalacan,
‘Main stream of Panto-Sihoecalan, Tagumising,
Macalang, Ingalera, Dagupan

The first priority of river improvement is given to construction and

strengthening of the ‘diking system,

‘Along this line, the ‘following- countermeasures are to be 1ncorporated

in formulation of the river 1mprovement plan.

dy Improving channel allgnment 1nclud3ng short cuts '
(ii) Deepening and w1den1ng fiver channel -
(iii) Protecting river bank from erosion

In:cbhnéétion with the above formulation of the river impfOVement plan,
-alternatlves including floodway are taken into con31derat10n “from the

v1ewpoint of 1east costly xiver 1mprovement ‘measures.
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8.3.2 Flood Gontrol Dams and Retarding Basins

(1} Flood Control Dams

Basic Study Criteria and Assumptions for Initial Screening

(i)

(ii)

(1ii)

{iv)

(v)

(vi)

(vii}

(viii)

The existing Ambuklao and Binga dams are studied in terms of
flood control effect under existing condition, modification

and/or reconstruction of these dams are not considered.

On-going Balog-Balog dam is also studied in terms of flood

control effect without modification of its design.

The scheme of San Rogue dam (detailed design completed) is
studied in terms of flood control effect of the present design.
A single purpose scheme for flood contrel in the same damsite is

also reviewed.

ALl the other dam schemes are studied as single purpose schemes

for flood control.
Concrete gravity type is applied for flood control dam.
50-year sediment is adopted for dead storage.

Storage efficiency and flood control efficiency are used for

the selection index in the initial screening.

Storage Efficiency (SE) = Flood control storxage/Dam volume
Flood Control Efficiency (FCE)
= SE x Catchment area x Flood peak cut ratio/1,000

The horizontal flood peak cut method is applied for the initial

screening.

Second Screening Criteria for Least Costly Compariseon

(i} River improvement works are selected as the . alternative
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(2)

(ii)

(iii)

(iv)

facilities to the flood control dams. Reduction in river
improvement construction costs pgained by flood control effect of

the dam and the dam construction cost are compared.
Design flood is 100-year flood.

The constant-rate and constant-volume outflow method is assumed

as the reservoir operation method.

The design dead storage is assumed to be equivalent at least to
the sediment volume of 50-year period by use of the sediment
vield estimated in the Supporting Report (SD :- Sediment Control
Plan}.

Retarding Basins

Basic Study Criteria and Assumptions

(1)

(ii)

(iii)

(iv}

(v)

Design flood is 100-year flood.

The horizontal flood peak cut method is applied to flood control
at -a retarding basin for the cases having- artificial flood

control structures.

Existing 1:50,000 topographical maps are used for estimating

the retarding basin capacity.

The maximum flood water level of the Poponto retarding basin is
set at El. 18.5m while that of the Camiling retarding basin is

set at El. 15.0m to avoid inundation of Camiling town.

River improvement works are selected as the alternative
facilities to & retarding basin. Reduction in river improvement
construction cost gained by flood control effect of a retarding

basin and the retarding basin facility cost are compared.

- 120 -



8.3.3 Sabo Works

Basic Study Criteria and Assumption

1) Design sediment discharge “+ 50X of the present natural
for sediment control sediment yield
23 Design allowable sediment : Sediment transport capacity at

the reference point
3) Design excess sediment :  Balance between 1) and 2)

volume to be controlled
8.4 Design Criteria
8.4.1 Structural Design

_ Structural design of alternative flood control facilities and related
structures is made by a ‘standard design method. = The standard design is
prepared for each of the following structures under the basic design-

conditions prepared by the Study:

~ Related structures for River Improvement-?lan;
River dike, Revetment, Groin, Groundsill, Water gaﬁe, Sluice way,
Bridge | N
- Related structures for'Flgodway Plamn;
Floodway dike, Revetmeni.-Diversion facilities
- Closing dike in Allied Rivers; |
Closing dike, Revetment, Groin
~ Related structures-for'Flood_COntrolLDam;Plan;'
Dam, Spillway, River diversion facilities
- Related structures for Retarding Basin Plan;
Retarding basin dike, Overflow facilities, Drainage gate,'Pumpiﬁg
stétions '
- Related structures for Sediment. Control Plan ;

Sabo Dam
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8.4.2 BPBasic Design Criteria Applied

‘The basic design is made based on the two standards shown below. The
design of the river improvement works executed recently in the Study Area is

also taken into consideration.

(i) Technical Standard for River and Sabo facilities prepared by the
Mihistry of Construction of Japan,

(ii) Design Guidelines, Criteria and Standards (Vol. I & II) prepared
by DPWH. |
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9, SCREENING OF FLOOD CONTROL ALTERNATIVES
9.1 River Improvement and Floodway
9.1.1 Definition of Alternatives

The subject river systems are divided into three groups; the Agno River
main stream, the Agno River tributaries and the Allied Rivers. River
improvement alternative plans are formulated for each group. Floodway and
closing dike plans are also independently formulated for the Agno River main
stream and the Allied Rivers as an alternative to the respective river
improvement plans. These aluernatives are summarized below,

A. Sole River Improvement

Agno Main stream

Alternatives with respect to type of bypass channel at Alcala

A.2.1 : Natural diversion thrbugh Popontc  bypass channel with
existing Agno main channel unchanged

A.2.2 : Controlled diversion through Poponto bypass by a weir
provided in Agno main channel

A.2.3 : VFull diversion of Agno main stream from existing Agno
channel to Poponto bypass and river maintenance flow only

released to existing Agno main channel

Apno Tributaries

Sole River Improvement

Allied Rivers

Sole River Improvement

B. River Improvement with Floodway

-Agno Main stream

Bl. : River Improvement with Agno Floodway
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Allied Rivers
A floodway to divert Alorapat River flood flow of the Cayanga-

Patalgn River

B2 : Aloragat floodway; a bypass_floodway.toward Angalacan River

Alternatives with respect to diversion of Tuboy River flood flow of

the Pantal-Sinocalan River

B3° :  San Manuel floodway toward Agno River main stream

“B4 ' : binalonan floodway; a bypass floodway toward Angalacan-

Patalan River

C. River Improvement with Closing Dike-
Cl : River Improvement and Bued Closing Dike for “the Cayanga-

Patalan River
(1) Alternative with Respect to Type of Bypass Channel at Alcala

The technical highlight of river improvement for the masin stream of the
Agno River is ‘to dissolve a hydraulic bottle-neck at Bayambang and to
increase its flow capacity in connection with improvement of the existing
by-pass channel through Poponto swamp area. - Three 'alternatives (A.2.1,
" A.2.2 and A.2.3) are formulated for this purpose, "and the ‘case of full

diversion, A.2.3 is adopted.
(2) Agno Tributaries aund Allied Rivers

For the Allied Rivers and the tributaries of the Agno River, only river

improvement plans are formulated based on.the initial screéning:study.7
(3) River Improvement with Agne Floodway

An alternative which combines river iﬂmrovément works of the éxisting
river system and a new bypass floodway is formulated for~c6ﬁpaiisonfﬁith 8
sole river improvement plan. The'AgnoffloodWay“in'ﬁlﬁérﬁative Bisfor the
main stream of the Agno River aims to divert the major £lood runoff (about
6,400 m3/s) from the drainage area upstream of the San Roque:dam site:toward

‘the Lingayen Gulf, while the said runoff -is discharped downstream throﬁgh'
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the existing Agno river channel in the case "without® Agno floodway (river

improvément'only). ‘(Refer to the alignment in Figure 9.1.1.)
The advantages of the case "with® Agno floodway are:

i)} Reduction of flood discharge in the Agno River main stream

especially in the stretch between San Roque and WaWa.

ii) Incidental use as a main drainage channel for the Allied Rivers

{(Bued, Aloragat, and Angalacan).
(&) Flooding Alternatives for Allied Rivers

For the Allied Rivers two floodway alternatives are forﬁulated. The
Aloragat floodway in Alternative B2 aims to divert the flood runoff frdm the
Aloragat River into the Angalacan River. .The altsérnatives B3 and B4 aim to
‘treat the flood runoff from the Tuboy River by constructing the. San Manuel
flbodwa? (B3) br-the_Binalonan floodway (B4) respectively. A closing dike
" is planned on the left bank of the Bued River in Alternative Gl to pfevent

~overflow into the Alorapat River.

“The layouts of the alternatives of river improvement and floodway plans

are 1]lustrated in Figure 9.1.1.
9.1.2 Screening of Floodway Alternatives

These 1ndependent plans (sole river improvement, river improvement with
-.floodway, river 1mprovement with closing dike) are compared by the least

cost crlterla

“The constLuctlon cost of the Agno floodway is very high and theréfore,
the qcheme "with" Agno floodway is 1nfer10r to ‘the scheme of sole river
'1mprqyement, though  the flood dlver310n and dralnage effectlveness in - the

" latter case are extremely high.

For the Allled Rlvers the tase Wlth the ‘Binalonan floodway, ‘B4 lS the

cnly case which is superior to the cases of sole river 1mprovement
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“The Bued closing dike is compated with the case of sole xiver
improvement for.the Angalacan river, and is adopted as a part of the river

improvement works of the Bued river.

9.2 ¥lood Control Pams and Retarding Basins
9.2.1 Eléoa Control.Dams

(1)  Existing and Onégoing Dams

The existing dams in the Agno River basin are Ambuklao and Binga dams.
Both are located in the east of Baguio City in the upper reaches of the main
in ‘1956 and 1960 respectively for

Agno. These dams were constructed

hydropower generation by NAPOCOR.
The' Balog-Balog dam in the upper. reaches of the Bulsa river, a

tributary of:Tarlac river is- the ‘only dam project under construction in the

Study Area. The primary purpose of this -dam is irrigation water supply: by

NIA.

The San Roque dam is planned upstream of ARIS intake weir and its
detailed design was completed, but implementétion-has-ﬁot been started yet.
The primary purpese of this dam is hydropower generation Dby -NAPOCOR and
irrigation water supply by NIA,
these dams are

Principal features of summarized below and - their

locations are shown in Figure 9.2.1.

_Balongalog

Ambuklao Binga 'san Roque
Catchment area (km?2) 617 860 283 1,250
Storage volume (x106m3) o o
- Gross . ‘ 327 (1956). 87 (1960) 683 ‘1,150 .
_ 217 (1986) 61 (1986) ‘
- Effective - 258 (1956) 48 (1960) 575 . _ 670
209 (1986) 39 (1986) . - .. - ST
- Flood control o 80 -~ 160
Dam type Rockfill Rockfill ‘Gravelfill Gravelfill
Dam height (m). 129 107 ~113.5 . 2210
Dam volume (x106m3) 5.8 1.9 11.9 43,2
75 100 33 390

Installed capacity (MW)
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(2} Screening of Prospective ?lood Control Dams

In addition to the identified NAPOCOR and NIA damsites, the Study
examined the possible damsites on .1/50,000 topographical maps. The
seventeen prospective damsites selected by the Study are all the ssme .as
those already identified in the previous studies. Those éxisting, on-going

and identified dams are listed in Table 9.2.1 and shown in Figure 9,2.1.

. Among the seventeen damsites, three dams are existing or under
construction. The remaining fourteen damsites, therefore, are studied by

applying: the initial screening criteria defined in Section 8.3,

Storage éfficiency and flood control efficiency are estimated for each
damsite and the results are shown in Table 9.2.2. Five damsites having high
storage'and flood control efficiemcies are selected for a further
alternative study. These chosen-are the San Roque, Lower,Ambayoan, Loﬁep

0’Donnell, Moriones and Camiling damsites.
(3N Selection of Flood Control Dams

River improvement works are selected as the alternative facilities to a
flood contfol dam. The dam cost is compared with the  reduction imn river

improvement cost gained by the flood control effect of a flood contrel dam.

The alternative costs of the river ‘improvement works are assumed to
consist of dike embankment, high water channel revetment and maintenance

dredging costs.

"The study results including dam features, dgm construction costs, peak
discharge at base points, and decreased river improveﬁent costs .due to flood
cdﬁtrol'effectsfbffeach dam ate”summafiZEQ in Tﬁble 9.2.3. . The
cpﬂétrutﬁionfhostfof each dam exceeds the cost reduction in river
imprqvemeht-erEpt'the_Lowér 0'Donnel and Moriones dams. . it is assessed
”that,thg damlplaps‘ﬁith a single:pufpose-Of-flodd;control are not
ﬁ'ecqﬂpmically'SQpérior:to"the,river'improvement‘plansﬂeXCept:in the caseféf

_Moriones‘ahdlthe_nger 0'Dannel.

The Moriones and Lower O'Donnel reservoirs are connected with ah open
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chamnel constructed across their two watersheds at . the part-of the low and
thin ridge. The flood control efficiency of the combined Moriones-0'Donnell
“dam - (herein. after 'definéd.-as Motiones~0'Dotnell dam) - is assessed to be
higher than that of two single dams. The Moriones-0‘'Donell dam is,

therefore,  selected for the integrated flood control plan.
9.2.2 Retarding Basinas

Potential retarding basin areas are Poponto swamp and Camiling ‘swamp

from the viewpoints of topographical conditions and land use.

' (1) Poponto Retarding Basin

-The Poponto swamp is located south of the confluence of the main Agno
and  Tarlac Rivers s shown in Figure 9;2.1.-_This swamp area furctions’ as a
natural- retarding basin partly for the Tarlac River and partly for the Agno
River. The f£lood flow of the Agno River is dive?ted into the Poponto  swamp

through the existing floodway.

In the initial screening study three types of retarding basins are

formulated as below:

i) Natural retarding basin,
ii) Retarding basin with confining dikes, and

iii) Retarding basin without confining dikes.

The type with confining dikes, however, iS'disqualified because. of the

constraints summarized hereunder.

The flood runoff of the Bska River and ‘its tributaries, whicH is
drained into the downstream of the Tarlac River near the junction with the
Agno River, is trapped béhind the confining dike. " In short, the "ateas
surrounding the swamp to be protected from flood disaster by”COnfinipgkdikes
suffer from inland inundation in ‘the Baka river drainagé~ar9a;3'Thévtétal
drainage area is -about 580 km2, and ' its probable 100—yéar:%fldod-ﬁpeaﬁ
discharge is estimated to be:z}SQD m3f/s as iilustratédlianigurel§32:2.75Thé
drainage pumping facilities required to treat this condition Vare ‘not

‘feasible due to their hige construction cost.
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A patural retarding basin and three types of retarding basins without

Confihing_dikés-are studied further as illustrated ‘in Figure 9.2.3.

‘- Case 1 ::. Natural retarding basin with an improved floodway.
Natural - retarding - effect without artificial structures except
‘upgrading of a floodway. _

- Case 2 : Gate controlled retarding - basin without a side

overflow dike. A part. of the flood runoff of the Agno River is
diverted through the floodway &nd flood runoff from the Tarlac
River is controlled by a gate controlled weir provided at. the
outlet of the Poponto Swamp with horizontal peak cut. '

- Ccase 3 : Gate controlled retarding basin with.s side.overflow
cdike. —A-floodway which conveys the. flood water from: the Agno
River:directly to the :dowmstream is provided through the northern
ﬁart of the swamp while the flood water from the Tarlac River is
-retained in the swamp. for retardation by a gate controlled weir
prdvided at the ‘outlet: of the swamp. - Two alternatives are

_considered: i.e., with a side overflow dike at the floodway and
without a side overflow dike. A part of the Agno flood water is
:'rétainéd in the swamp through the side overflow dike.
- Case 4 : . Retarding baSinIWith a dike, two -overflow dikes and a:
'dfainage gate. River channels of both the Agno and Tarlac Rivers
© are provided. A part of the Tarlac flood runoff and: the Agno
flood runoff overflow into the retarding basin through respective
ovérflbﬁ dikes.provided on the floodway'channels and the stored
water.is-draiﬁed ﬁhrough'the'drainage gate after the flood in the

Agno River has subsided.

The resuitSTOf:altérnative'cost comparison with river imp:oﬁement works
‘dre summarized in Table 9.2.4. The facility costs for retarding basins are
all -1ess'_than 'the -reducktion  in rive: 'improvement costs. . The natural
.tetarding.baéin'type, of ‘which additional cost is negligiﬁle, is the most
“gfficient of thé'four:altéfﬁativES, though the amount of.peak flood
reduction 1s least aﬁong them..-The_genéfal plan of this natural retarding

basin is shown in Figure 9.2.4.
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(2) Camiling Retarding Basin

The Gamiling swamp is located in the downstream reaches of Gamiling
river as shown in Figure 9.2.1. A natural retarding type and an overflow
type which has a higher flood coentrol effect than the natursl one are
introduced as alternative retarding basins taking into account topographic

and land use constraints.

The natural retarding type is assessed to be inferior to the river

improvement alternative due to the following constraints:

i} retarding capacity of this swamp is limited because of the small
SWamp area.
ii) reduction in river improvement cost gained by flood peak-cut by the

basin is small because of its location in the downstream reaches of

the Agno River.

The overflow type is studied Ffurther by changing the amount .of flood

peak cut from 2,000 m3/s (case-1) to 3,000 m3/s (case-3).

As shown in Table 9.2.5, the facility cost for this type of retarding
basin also exceeds the reduction in river improvement cost, therefore, it is
assessed that the Camiling retarding basin plan is not economically superior

to the river improvement plan..
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Table 9.2.1 PRESENT STATUS OF DAM PROJECTS

No. Name of Dam River . Catchment Present iatest Agency -Remarks
© Basin  Area (km2) Siatus Swdy )
1. Ambuklao . . Agno 617 Existing NAPGCOR
2. Binga * Agno 860 Existing NAPOCOR
3. Tabu Agno 1,051 Master Plan Lll?PS <l NAPOCOR Selected thru 2nd screening in LHPES
4, SanRoque Agno 1,250 YD completed NAPOCOR
&NIA
5. Upper Ambayoan .EAmbaymin 151 Master Plan IDP <2 NIA  Recommended sit for development in TDP
6. Upper Sépim't -~ Ambaycan 270 Masler Plan 1P NIA Excluded due to studiés of economic &
F - ) alternatives in IDP
7. Lower Ambayoan Ambayoan 310 laventory e NIA  Only site inventory in IDP -
8 Kalipkip Tuboy 5 Master Plan IDp NIA Excluded due to studics of economic &
o alternatives in JIDP
9. Lubas Tuboy 90 Master Plan IDP NIA  Recommended site for development in IDP
10, 'I:Snngal N Tarlac 39 Master Plan  Balog-Balog NIA Evafl;awd as aiteéa_&ive sile.in F/s
' FiS <3
11. O'Donnell Tarlac 119 Master Plan Baiog-Baiog NiA Evaluated ss altemnative site in F/S
. . : FIs
12, .lmi'_gr O'Donnell Tarlac 278 Invenory IDP NIA Only site inventory in IDP
13. Balog-Balog Tarlac 283 Qu-going “NIA
14. Moriones Tarlzc 337 'Master Plan Ba.l'og-B'aldg NIA  Evaluated as altemative site in F/S .
: i F/s
‘15, Camiiing o Camiling 221 Master Plan IDP NIA  Recommended site for development in IDP
16. Pita’ C T Olo 130 Master Plan 1P NIA  Recommended site for development in P
17.-- Bayaoas Bayaoas 64 Magtey _Flén IDP NIA  Excluded due to studies of economic &

aliernatives in IDP

Noie : <] Study on Hydwppwéf Poteacials in Luzon Island
_ IICA, August 1987

. <2 Trvigation Development Plan {or Central {uzon
NIA, January 1978 ’

<3 Feasibility Siudy on Balog-Balog M

ELC and Philech, July 1980
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Table 9.2.2

RESULTS OF DAMSITES SCREENING

River Catchment Srorage Hfficiency Flood Conrol Efficicn_cg Sclected
Name of Damsite Basin Arca 100-yr 50yt - 1004t 50-yr damsite - .- Remarks
(an2) Flood Flood Flood Flood

Tabu Agno 1,051 178 178 80 86 High effisiency for flood controt,
howeves, Tabu is discax_ded in favor
of San Roque due 10 lower fleod
control efficiency.

San Rogque Agno 1,250 110 106 138 133 * Higl efficicncy for flood control.

Upper Ambayoan Ambayoan 151 45 43 7 6 Low efficiency for flood conttol.

Upper Sapinit Ambéyoan 270 - % 80 pr 22 Upper Sapinit is discarded in favor
of Lowst Ambayoan due to lower
flood controf efficiency.

Lower Ambayoan Ambnyoan 310 &1 79 25 24 = Lower Ambayoan has highest flood
control efficiency in the Ambayean
River basin,

Kalipkip Tuboy - K] ) 0 & 5 Low efficiency for flood control.

Lubas Tuboy 90 81 76 7 7 Low efficiency for flood control.

Banga: Tarlac 39 123 117 5 5 Low elficiency for flood conwol,

O'Dornell Tarlae 119 - 81 79 10 9 Liow efficiency for flood controf.

Lower (Donnctt Tarlac 278 225 225 s +  Highefficlencies.

Moricmes Terlac 537 1,263 1,263 556 597 * High efficiencies. Compensation .
problem can probably be seitled,

Camiling Camiling 221 133 130 29 28 0 * High efficiency for flood control, .

Pila - Clo 130 83 84 it il Low efficiency for flcod control,

Bayaoas Bayaoas 64 115 108 7 7 Low efficiency for llood ¢ontrol. .
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Table 9.2.3 SUMMARY OF FLOOD CONTROL DAMSITE ALTERNATIVE STUDY

Danusite . Without
hem ‘ Moriones
SanRoque ~ Lower Lower Moriones & FLower  Camiling Dam
. Arabaycan  O'Donnelt O'honnell
L. River Basin Agoeo Ambayoan  Taslac Tarlac Taslac Coamiling
IL. Catchisent Arca (km2) 1,250 310 278 537 g1s -
[iL Peak Cut Ratio (%) 30 30 K11} 50 © 50 30
1V. Discharge st Damsits (m3/s) _
1.:100-yr pork inflow . 6,380 1,800 1,700 2,250 3,310 1,240
2. 100-ye controlied cutflow 4,500 1,270 1,200 1,160 1,690 280
* V. Flood Contral Storage (mill.m3) 173 2 s 245 35 49
VI Elevation (EL.m} . ) .
1. Surcharge water level 240.0 2300 1672 94.0 987 215
*2. Dam creil etévation 244.1 233.2 109.9 97.9 103.0 2354
VI Dam Height (m) : 149.1 1132 T4d9 419 530 - §54
VIIL Dam Volume (mill.m3) : -
" 1. Main dam (concréte) 3.87 2.24 0.3 - 022 0.37 0.55
2. Saddle dam (easthfill) L0.00 0.00 1.50 0.21 0.65 0.00
. TX. Construction Cost (MilLP) _
1. Mzin consiruction 8,036 4,551 897 8020 1,547 1,355
2. Compensation _ 10 -n 26 ! 107 4
3. G/A, B/S & Contingency 2,955 1,674 334 309 550 459
o) 008 6,236 1257 1,182 2,244 1,858
X. Pesk Discharge at Base Poind (ni3/s) _
1. 8Pt . 16,970 17,078 17,130 16,590 16,170 17,210 11310
2. BP2 14,100 14,520 143580 13,980 13,490 . 14320 14820
“3.BP.3 ' ©ORAT0 8940 9,150 9,190 © 9,190 9,19¢ 9190
4, BP.4 ©4,840 6370 - 6370 - 6,370 6,370 6370 6370
5.BPS ' 2,180 2,180 2,180 2,180 2,180 1,840 2,186
6. BP-6 6,720 6720 - 6410 5830 5260 ' 6,720 6,720
~1.8p7 1,730 1,240 1,730 1,730 1,730 1,730 1730
XI1. Reduction in River I:nprc@vc.meﬁl Cosis by Darm Plan {mill.P) .
1. River improvemeéni works 185 13 w0 . 460 745 133
2. 0& Mcost (dredging) - 2,529 - 2,010 1332 1,630 2,362 698
 Toul Came 2123 1492 - 1490 3,107 #31
XIL. Dain Cost less Rcductfq.n= in River : : - .
Improvement Cost (mill.P) 8,287 4,113 235 -308 863 1,027
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Table 9.2,4 POPONTO RETARDING BASIN ALTERNATIVE STUDY

Alternatives

TEEM 00000 e mmeaac e emi e m e mm e — i ———
Case 1 Casgse 2 Case 3 Case 4
I. Dischage (m3/s) .. o o . . o
1. Peak inflow into basin 13,110 13,110 10,860 8,330
2. Peak outflow from basin : . 9,930 5,610 3,360 L i
3., Peak cut 73,180 7,500 7,500 8,330
4. Peak side overflow into basin . - - 5,000 6,000
II. Flood Control Storage {(mill.m3} 757 1,445 1,356 - 1,515
III. Flood Water Level (El.m) - 16.59 18,37  18.15  18.55
I¥. Inundated Area (km2) L 347 445 433 . 455
' V. Dimension of Structure (m) o
1., Width of control gate _ - 150 150. -
2. Length of side overflow : : - - 2,100 . 5,000

VI. Construction Cost (mill.Pesos) : . : _
1. Control gate - 1,128 1,107

2. Side overflow weir B - . 546 1,300
3. Drainage gate i ‘ - - . - .. a3pl
Total 0 1,128 1,653 - 1,681

VII. Peak Discharge at River Mouth{BPl),(m3fs) 13,260 . 10,030 101340 9,740

VIII. Reduction in‘River Improvement Costs by
Retarding Basin Plan (mill.Pesaos)

1. River Improvement works 1,542 2,285 2,137 2,085
2. 0 & M cost (dredging) ' ' 2,584 2,584 1,129 0
Total 4,126 4,869 3,266 2,085

IX. Retarding Basin Cost less Réductioﬁ _ o : o
in River Improvement Cost(mill.Pesos) . -6,126  -3,74) -1,613 Ch04
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Table 9.2.5 CAMILING RETARDING BASIN ALTERNATIVE STUDY

Case No.
Item = e
1 2 ' 3
1. Discharge (m3/3)
1.Peak overflow to basin 2,000 2,500 3,000
_ 2.Peak cut 2,000 2,500 3,000
11, Flood Control Storage (mill.m3) 120 173 230
111. Flood Water Level (El.m) 12.25 13.37 14.30
1V. Inundated Area (km2} ' 43 - 52 60
V. Dimengion of structure (m) _
1.Length of dide overflow 2,400 2,370 2,350
V1. Construction Cost (mill.P} o
1.8ide overflow 624 616 611
2.Drainage gate . 88 124 168
' Total. 712 740 779
VII. Peak Discharge at BP1 (m3/s8) - . 15,700 15,250 14,800
VIII. Reduction in River Improvement Costs 371 451 521
by Retarding Basin Plan (mill.P)
1X. Retarding Basin Cost less Reduction 341 289 258

_in River Improvement Cost {mill.P)
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10.  MASTER PLAN

10.1  Pilan Formulation Process

Plan formulation and optimization of the Master Plan (Framework Plan

and Long ferm Plan) were made in the following process.

Step=-1

Alternative Flood Control Structural Measures

(1)

(2)

River improvement, floodway, flood control dam, and flood: .retarding

basin plans were independently formulated to fulfill ‘the  fiood

‘control ‘target (100-year flood  for the -Agno main stream and the

Tarlac River and 50-year flood for the otheré).

The least costly measures were selected from .each.of the foregoing

independent plans.

Framework Plan

Step-2 -

(1)

- (2)

Step=3

Alternative framework plans were formulated by integrating the least

costly measurés selected in Step-1.

“Optimization of the framework plan was made among these altermatives

for each river by the least .cost criteria assuming that the
reduction in flood damage pained by the structural measures 1is the

same among all the alternatives.

(1)

S (2)

Lonpg Term Plan

A feasible combination of the structural ‘measukes was reorganized as

..a stage development plan on the way Lo the Framework Plan based on

the Framework Plan in_Step-z for'each-river,:téking‘into account the

‘fsocibeeéonomicacon¢itibns in the target-year, 2010.

Optimization was made for each river using an economic benefit cost

analysis to find out the economically feasible scale and the most

3efficiént.flobd control scale,
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Step-4

Implementation Program for Long Term Plan

(1)

An implementation program was formulated for the optimum scale of
the Long Term Plan. An alternmative implementation program was also
formulated under constraint of the -available amount of investment

fund up to the target year, 2010.

10.2 Framework Plan

10.2.1

Alternative Framework Plans.

The least costly schemes selected from each of the -four independent

alternative structural measures in Chapter 9 are summarized below.

i)

ii)
iii)

iv)

River improvement only : AlLl the river improvement works including
Bued closing dike for the Cayanga-Patalan River

Floodway : Binalonan floodway for the Pantal-Sinocalan River

Flood control dam : Moriénes—O'Donnel'dam for the TaflacwRivér'
Flood retarding basin : Poponto natural retarding basin for the Agno

River and the Tarlac River

These least costly structural mesdsures were integrated and several

alternative framework plans were formulated for the respective river

stretches in the Study Area as set out below. -

Agno River Main Stream and Tarlac River

Case 1 : Sole River improvement

Case 2 : Combination of river improvement and Poponto natural
retarding basin |

Case 3 : Combination of river improvement, Poponto natural retarding'_
basin and Moriones-0'Donnel dam '

Case 4

.

Combination of river improvemént and Moriones-0'Donnel dam

-~ 142 -



Apno River Tributaries

. Ambayoan River : Sole river improvement

. Viray-Dipalo River ; Sole river improvement
. Banila River = : 'Sole river improvement
Camiling River t Sole river improvement

| Allied Rivers

. Pantal-Sinocalan _
Case 1 : Soie river improvement
Casé'z : ‘River imprdvement and Binalonan floodway
Gayanga-Patalan :

Sole river improvement with Bued cloéing dike

The de31gn flood dlstrlbutlons of aLternatlve framework plans for the
Agno River and its main tributaries are illustrated in Figure 10.2.1 and for
the Allled Rivers in Flgure 10 2.2. The economic cost of these alternatives
Ls,summarlzed in Table 10.2.1. Correspondlng work quantltles are shown in
Table 10.2. 2.for the'Agﬁd River and the Tarlac Rlver Table 10.2.3 for the
Agno River Trlbutarles, and Table 10.2.4 for the Allled Rivers.

10.2.2 Proposed Framework Plan

Among the'four_alternatives for the Agno River and the Tarlac River,
:.Case 2, which is a combination of river improvement and Poponto, natural
'retgrding' basin, has the least construction cost. Casé 3, which is a
combination of river improvement, Poponto natural retarding basin and the
.Mériones - O’Donnel'dam, has the least project cost if the annual sediment
dredglng cost. of river channels is taken into: account., The project. economic

cost of the two cases 1is: summarlzed below:
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Project Economic Cost {(million pesos)

Case 3; River improve-

Case Z; River‘improv?s ment, Retarding Basin
ment & Retarding Basin & Dam
Construction Cost Only _ 11,988 13,357

Construction Cost with _
reduction in annual cost 11,988 11,718
of dredging sediment

The combined case of river improvement, Poponto retardihg basin'and
Moriones-0’Donnel dam is proposed as the Framework Plan for the Agno River
and the Tarlac River. The 'Mbriones»O’Dbnnei' dam is included in the
Framework Plan in spite of the land acquisiticn and resettlement
difficulties identified in Section 10.3.1 because the project life of small
irrigation schemes and small impounding dams is expected to be short and the
need for thié dam is ekpeCted to be very highhiﬁ.the future.

For ﬁhe AgnozRiver tributaries, the case of sole river improvement is
the 1eésﬁ costiy and is pfoposed. as the Framework Plan. The economic

project cost is summarized below.

Project Economic Cost (million pesos)

Camiiing river _ 451
Banila River . ©1,023
Viray-Dipalo River - s 278
Ambayoan River ' o 173
Total ' ' 1,925

For the Allied Rivers, Case 1 which'is a Ccombination of river
improvement and Binalonan floodway is the least costly and is proposed as
the Framework Plan. The Bued closure dike 'is provided upstream of ‘the Bued
River as a part of river improvemeﬁt works. The location of the Binalonam
floodway and the Bued closure dike is illustrated in Figure 10.2.%4. The.

economic project cost of Case 2 and Case 3 is summarized below.
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Project Economic Cost (million pesos)

Case 1; River improve- Case 2; Sole River
ment with Binalonan Improvement
Floodway
Pantal-Sinocalan River : 2,553 2,824
Cayanga-Patalan River 1,246 1,158
Total 3,799 ] 3,982

10.2.3 FPeatures of Framework Plan

The general layout of the proposed Framework Plan is illustrated in

Figure 10.2.3 for the Agno River and Figure 10.2.4 for the Allied Rivers.

The alignment plans, longitudinal profiles and typical cross-sections

of the proposed Framework Plan are shown in the following figures:

Agno River Tarlac Agno River Allied
Main Stream River Tributaries Rivers

Plan (new 1/25,000) Figs.10.2.5 Figs.10.2.6 . -

( 1/50,000) - - Figs.10.2.7 Figs.10.2,10

- 10.2.9
Longitudinal Fig. 10.2.11 Fig. 10.2.12 Figs.10.2.13 Figs.10.2.17
Profile - 10.2.16 - 10.,2.24
- pypiecal Figs.10.2.25 Fig. 10.2.26 Figs.10.2.27 Figs.10.2.31
Cross-section - 10.2.30 - 10.2.38

The major design features including design discharge, river bed
gradient, low water channel width, high water channel width, dike height and
low water channel height are tabulated in Table 10.2.5 for the Agno River
main stream, Table 10.2.6 for the Tarlac River and ;hé Agno River

Tributaries and Table 10.2.7 for the Allied Rivers,

In the Framework Plan of the Agno River, new dikes with high water
channel width of about 1.5 km are planned on the left and right banks from
the riﬁér mouth to the middle reaches at Bayamban. At present only the
right bank levee exists from AG-45. These new dikes are provided to protect

Lingayaﬁ town ares (refer to Figures 10.2.5 and 10.2.25). Since the
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existing high water channel in the section between AG-45 and AG-83 varies
from 2.5 km to 3.5 km, the new dike on the right bank is te Dbe constructed
inside the existing dike. If this new dike is provided the land use between
the new dike and the existing dike will be enhanced, However, the existing
dike which is planned to be raised in the Long Term Plan, should be kept in
the same place as the secondary dike system even after the construction of
the new dike. The purpose of the secondary dike is to secure the safety of
the primary dike although the newly planned high water channel is wide

enough.
1¢.3 Long Term Plan
10.3.1 Optimization of Development Scale

The Long Term Plan is formulated as a stage development plan of the
Framework Plan up to the target year 2020. For optimization of the
development scale of the Long Term Plan, the following combinations of flood

control structural measures are adopted:

i) Agno River and Tarlac River; combination of river improvement and
Poponto natural retarding basin without

Morioneg-0’'Donnel dam
ii) Agno River Tributaries; river improvement only
iii) Allied Rivers; river improvement with Binalonan floodway

Although the Moriones-0'Donnell dam is included in the prpposed
Framework Plan for the Agno River and the Tarlac River, it is excluded from
the Long Term Plan because of the expected implementation difficulties
involved in the land acquisition and resettlement in the saild reservoir
areas. The reservqir areas are occupied by about 1,600 families {90% in
Moriones area and 102 in O'Donnell area), agricultural land of about 40 lkm2
including irrigation systems of the Sula-Iba (250 ha) and the Lubigan (200
ha), and the on-going Western Barrios Impounding Irrigation Project (1,030
ha}. The Western Barriqs Project is under construcfion by a grant from.the

Government of Japan.
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The minimum development scale of the river improvemént is set for the
10-year flood and the project economic costs: for different developﬁent
scales of the Long Term Plan are estimated as presented in Table 10.3.1 for
the Agno River and the Tarlac River, Table 10.3.2 for the Agno Tributaries
and Table 10.3.3 for the Allied Rivers.

The optimization was made in the range from 10-year flood to 50-year
flood. in terms of economic internal rate of return (EIRR} assuming. a 13 year
construction period from 1995. Table 12.2.1 presents the economic. project
cost, economic benefit and EIRR for each development -scale. The. optimum
points are illustrated -in Figure-lz.z.l. The corresponding optimum

developmient scale is summarized below.

EIRR (1)
) - : . Future ‘Current
_ _ _ Optimum Development  Development
" River/Region " Development Scale - Level “Level

a. Agno River and Tarlac River 25-year flood 16.6 (3.9)
b. Agno River Tributaries 25-year flood -15.5 { 3.1)
c. Alljed Rivers '10-year flood -33.8 (15.2)
:Regional Agssessment _ _ : .
d. 5tudy Area _ 25-year flood 20.5 - { 6.5}

The highest EIRR 'is found at the minimum development scale (10-year
flood) for. the Allied Rivers,

10.3.2. . Proposed Long Term Plan
3Ths'dévelopment scale of the Long Term Plan is proposed as set out

_ below assumiﬁg.thaﬁ all the investment fund is available by the target year

12020 (refer to Section 13.2),

Proposed - Financial
Development Praject Cost
Scale ~{million pesos)
- Agno river and Tarlac River . 25-year flood ‘11,048
Agno River: Tributaries - 25-year fload ' : 1,640
_Allied Rivers . © 1l0-year 3,286

Total | o 15,974
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The desipn capacity of the stretch in TA-246 of the Tarlac River (near
San Tsidoro) is planned at 1,750 m3/s which is slightly smaller than the 10-
year flood (2,100 m3/s) without provision of the prospective Moriones-
0’'Donnel dam. The reason is that the design capacity of the Framework plan
with the Moriones-Q'Donnel dam becomes higher than the 100-year flood if

the capacity of this stretch is set at 2,100 m3/s.

The proposed Long Term Plan {10-year flood) for the Allied Rivers i5
worked out without the Binalonan floodway but takes into account the design
flood distribution of the Framework Plan with the Binalonan floodway (50-
year flood). The reagon is that simultaneous implementation of the Pantal-
Sinocalan River and the Cayanga-Patalan River is expected to be difficult
(refer to Section 13.2)., The design capacity of the Tagamusing River is
smaller (160 m3}s) than the 10-year flood (360 m2fs) at the downstream
stretch for the time being before implementation of the Framework Plan. The
design flood distribution of the proposed Long Term Plan is illustrated in

Figure 10.3.1.
10.3.3 JYeatures of Long Term Plan

The composition of the foreign currency and local currency portions of
the financial cost of the proposed Long Term Plan is shown in Tables 10.3.4.
The corresponding cost breakdown and the work quantities are presented in
the Supporting Reports, GCP : Construction Plan. The alignment plans,
longitudinal profiles and typical cross-sections of the proposed Long Term
Plan are presented in the same Figures for the Framework Plan (Figures
10.2.5-10.2.38). The major features including design discharge, river bed
gradient, low water channel width, high water channel width, dike height and
low water channel height are tabulated in Table 10.3.53 for the Agno River
main stream, Table 10.3.6 for the Tarlac River and the Agno River
Tributaries, and Table 10.3.7 for the Allied Rivers. The work quantitles

are summatrized below:
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Agno Tarlac Agno River Pantal Cayanga Total

Work Items Unit River River  Tributary River River
Improvement

Length km 109.4 37.0 9.7 129.6 77.0 432.7
Excavation 1,000 m3 24,670 4,300 1,200 4,220 1,840 36,230
Dredging 1,000 md 13,030 0 0 40 260 13,330
Embankment 1,000 m3 15,270 1,360 2,580 4,010 720 23,940
Revetment 1,000 m? 514 96 190 373 193 1,366
Groin no. 958 244 1,070 952 1,095 4,319
Sluiceway no. 16 2 26 39 22 105
Water Gate no. 2 0 0 0 0} 2
Bridge no. 5 3 14 22 9 53
Fixed Weir no. 1 0 0 0 1

10.4 Flood Forecasting and Warning System

10.4.1 Definition and Objective of Flood Forecasting and Warning System

The flood forecasting and warning system ( FFWS) is defined as one of

the non-structural component of the flood control Master Plan Framework

and Long Term Plan).

Plan

The FFWS Framework Plan aims to up-grade the existing system and to

achieve an 'integrated mnation-wide flood forecasting and warning system which

fulfills the following objectives:

i} FFWS for Resident's Protection from Flood Incident

It aims to secure the life of people and to minimize flood damages in
the flood prone area by enhancing prompt flood protection activities
which necessitate sufficient and accurate information, through agencies
and ‘organizations concerned. It mnecessitates advanced forecast of
extreme floods which may exceed the capacity of existing river

facilities.

i1}’ FFWS for Flood Operation

"It aims to execute promptly effective operation of the flood control
facilities such as dams, floddﬁays”and retarding basins by forecasting

'the magnitude of flood inflow into these facilities in advance. It
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also aims to avoid artificial flood disasters by disseminating ‘in
advance to the people to be affected information concerning fleood

release from those facilities.

iii) FFWS for Basinwide Flood Management

Tt aims to execute effective basinwide flood management and
administration by integrated real time  operation of all the flood
control facilities in the basin. It necessitates teal time access to

the informstion on river and basin conditions.

The target area of the integrated FFWS is the whole flood prone area in.

the Study Area (refer to Section 5.2).
10.4.2  Existing FFWS

In the Agno River basin there are the ABC (Agno, Bicol and Cagayan
Rivers) System installed in 1982 and ‘an on-going system for the Binga-
Ambuklao dam basin (refer to Figure 10.4.1 and Table 10.4.1).  These

systems, however, have the following operational problems;

iy insufficient budget and staff for maintenance, _ .
ii) insufficient reliability of forecasting due to limited number of
raingauge stations, and _ ) _ _
iii):insufficient warning activities due to ~unreliable communication

system among agencies concerned.
10.4.3 ¥FFWS Framework Plan
(1) Basic Conditions of the FFWS Framework Plan

The FFWS Framework Plan is formulated to fulfill the;folldying*baSic
conditions: _ _ _ ._ _ o  _
i) The contreol center of the system is estabiished aﬁ Rqsﬁles, the
same place of the existing ARFFO. | -
ii) The existing ARFFO is unified with the newly established Control
Center to execute operatlon and  maintenance of the observation-
facilities in the basin effectively and consistently

iii) The authorized limlted rlghts “of PAGASA with respect “to warnlng
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actions in the basin are reinforced in order to execute warning
activities promptly.

iv) A éommunication system is installed in the headquarters in order
to monitor the flood forecasting and warning activities in the
subject river basin. r

v) FFWSDO Ambuklac and Binga control offices are connecﬁed with the

integrated FFWS center by intensified communication systems in

order ta monitor all the observation records and operation and
mﬁintenance records obtained from the offices at-the center. The
flood discharge information recorded in the downstream areas is
sent to the offices through the systems as.a'supplemental
information for flood releasing operations.

vi) Intensified communication systems are provided among the newly
constructed flood control: facilities ' and ‘the integrated FIwS
Center for the same purpose'étated:above. '

vii) Flood warniﬁg'netWOrkfsystém among local agencies such as
municipality and FFWS control offices are provided to intensify
‘the local level of flood warning, flood preparedness and flood
fighting activity.

viii) Warning stations are provided along the river course to prevent

the residents from approaching the river during flood.
(2)_-FFWSfFrameworkiplan.

The prbposed FFUS ‘Framework Plan -is composed of the system components

listed below.

‘(é) "Hydrological Observation Network System
' ~ Water level stations : 17 stations {existing 7 stations
| included) . |
.Q'ﬁaingauge stations 1 ‘32 stations (existing 6 stations

o ' included) -

<. (b} ‘Telemetering Network System .
' .= 8ystem Control. Genter . Rosales, DBWH
- Reépeater Station : 2 sﬁatiohs N
Jiﬁtn-Ampucéo (extension.bf;thé-exis:ing stétion)

- Mty Bamban-(newly constructed)
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{¢) Flood Forecasting System

- One computer system in Rosales control center

(d) Flood Warnling Network System
- Duplex link between Rosales control center and the related 29
local agencies

- 31 Warning stations along the river

{e) Monitoring System: & monitors in Rosales: Control Center
a. Flood Operation System
- For Balog-Balog Flood Operation System (New)
- For San Roque Flood:.Operation System
(New after dam construction)
- For Moriones Flood Operation System
(New after dam construction)

b. Monitoring at DPWH central office

"The locations of the proposed hydrological obseivation network system,
the telemetering network system and the control center are illustrated in
Figure .10.4.2.. 'The location of the flood warning network system is

illustrated in Figure 10.4.3.

The total project cost of the integrated FFW$S in the Agno River basin
is estimated at 796 million pesos as shown in Table 10.4.2. The economic
internal rate of return is expected to be 19.3%.

The flood forecastiﬁg points of the intégrated FFWS are illustrated in
Figure 10.4.4. The effectiveness of these forecasting points is’aéseséEd in
terms of affected population in the related municipalities and is summarized

in Figure 10.4.5.
(3) Institutional Arrangement

The following institutional arrangement is recommended ‘For further

_study to achieve smooth operation of the proposéd’intégrated‘FFWS:

(a) Local ‘level of FFWS ‘activity: shall be transferred ‘to the local

agency,
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{b)

(c)

{(d)

(e)

The DPWH "is respoﬂsibie for the local flood  forecasting in
connection with ite responsibility fbr the river administration
and -the regular maintenance work of the hydrological stations.
Flood warning activity is responsibility of 0CD. 1t is tasked to
prepare the pngram for improvement of Disaster 'Coordination
Council's activities.

A telecommunication training center is to be éstablished in

“collaboration with PAGASA, NAPOCOR, NIA, DPWH and NTC in Manila.

The purpose. of the center is to train the staff and to stock and
supply the spare parts of the. telemetering facilities. Prompt.
repair work will be expected once the center is established.

The provision of flood operation systems for new dams is the

‘-responsibiliﬁy of the owner agency.

10.4.4 FFWS Long Term Plan

(1) Basic Conditions of'the'FFWSlLong.Term Plan

The Long Term Plan'is formulated as a stage-wise developmeént plan up to

the target.year'2010 wvhich finally aims to set up the FFWS integrated system

" planned as the Framework plan. The basic conditions to - be taken into

account for formulating the Long Term Plan are set out below:

i)

id)

iii)

Civ)

‘To resolve the problems experienced in operation and maintenance

of the existiag FFWS in the basin. o

To select the apprbpriate technology of -fldod forécasting in
respect to the present technology level of DPWH and AFCS.

To establish an appropriate scale whlch is economlcally feasible
w1th respect to the value of soc;al assets in the flood prone
area

To select the" priority area ﬁith ‘respect to distribution of

Zaffected pOpulatlon (populatlon density) and degree of the flood

damage potential.

-The"following objectives are assessed to formulate the Long Term FFWS

‘development plan in the Study Area.

'11)

To “improve the ' flood forecasting"accur§Cy;'qi' the  forecasting

points 1n the exlsting Agno Rlver FFWS.
To carry out the effective flood warnlng act1v1ty 1n the Study

Areg
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{(2) FFWS Long Term Plan

The proposed- FFWS Long Term Plan is composed of the system components

listed below.

(a) Hydrological Observation Network System
- Water level stations : 7 stations (existing)

- Raingauge stations : 14 stations (existing 6 stations included)

{b) Telemetering Network System
- System Control Center : Rosales, DPWH
- Repeater Station : 2 stations

- Mt. Ampucao (extension of the existing station)

- Mt, Bamban (newly constructed)

(c} Flood Forecasting System
- One computer system in Rosales control center

{d) Flood Warning Network System
- Duplex link between Rosales control center and the related 5

local agencies

{e) Monitoring System
- Flood operation system for Binga-Ambuklao FFWSDO sub-system

(existing).
-~ Monitoring at DPWH central office with the existing
communication link.
The location of the proposed system is illustrated in Figure 10.4.6. The

total project cost of the FFWS Long Term Plan is estimated at 281 million

pesos as shown in Table 10.4.3. The economic internsl rate of return is

expected to be 28.9%.
10.5 Sabo. Works
106.5.1 Definition and Objective of Sabo

It is assessed that active yield of sediment in the Study Area is
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mainly due to poor vegetation in the mountainous area of about 4,200 km2
which'dccupies 55% of the study area of 7,460 kmZ. Slope erosions caused by
road construction and some portion of mine tailings constitute a part of the

sediment yield in the watershed.

_The?average natural sediment yvield of the mountanous area is ‘estimated .
to be about 7,800 m3/km?/year (refer to Section 6.1). ' Neither -sabo works,
afforestation nor legél sediment control only can control this large amount

of sediment vield.

‘The Sabe Framework Plan is formulated as a part of sediment control defined
in Sections 8.1.1 and 8.1.2, assuming that the sediment control plan will be

impleﬁénted.in the future as described below.

. a. -Afforestatlon
Flfty percent of the sedlment yleld in the mountain area w111 be
fmltigated by afforestatlonfreforestatlon. In order to achieve this
target all of the partial forest land (800 km2) and about 60% of .
the;ﬁare land-(ZOO_km2) must be totally afforestéd; tbtal
afforestation of about.l,OOO km2 ,

b. Mine

Sediment due to mine tailings will be totally controlled.

e lRoad _ _ _ _
Landsllde and solid eros1on due to ‘road construction will be

totally controlled

d. Sabo Works _ _
"~ The fem'aiining"pé'rt-- of the sediment "yield‘ which will ‘not be
'controlled by the foregoing three me&sures (a b and ¢) will be

.fdealt with by ‘sabo works such ‘as sabo dams.

‘The excess sedlmentatlon in the river channels caused by imbalanced
sedlment transport capac;ty is treated by malntenance operatlon “of dredglng

L ar ExC&V&thI’l .



10.5.2 Sabo Framework Plsn

(1) : Sabo dam

The Sabo Dam Framework Plan is formulated for the projiect life of 20

years assuming that the excess sediment yield will be all stored inside the

sabo dam reservoir. : The required number of sabe dams, -32, are in addition

to the San:Roque dam and the Moriones - 0'Donnell dam as summarized below.

Required Number of Sabo Dams

Locdation

Volume (103m3/yr)

for 20 years

for 50 years

Ambukliao Dam
Binga Dam

. 8an Rogue Dam
Ambayoan

Dipalo

Viray )
Balog-Balog'Dam
HMoriones Dam
Lower O'Donnel Dam
Camiling

0lo

Bayaoas

Tuboy

Angalacan

Bued

Total

1,681
960
2,550
1,126
13
74
1,344
1,042
1,349
373
376
191
267
39
346
11,731

Ambuklao Dam
Binga Dam
San Roque Dam

6 .

1
Under const.
Moriones and Lower

Moriones and Lower

3

oW

8 .
32 plus San Roque,

" Moriones and Lower

0'donnell’

Ambuklao Dam
-Binga Dam
San Raque Dam
33
1
_ 6
Under const.
O'donnell ‘dam
O'donnell dam
]
11

9
3

The_locations of the dam sites for the 20-year plan are shown in Figure

10.5.1 and their major dimensions and construction cost

are summarized in

Table 16.5.1., The total construction cost is éstimated at about 2.6 billion

pesos.

If the project life is set at 50 years an additibngl'72_dams_w11;'be_

required with an apﬁroximate dam héight of 25 m.

therefore, to proceed with afforestation]refqrestation'simultaneousiy'with T

It - is recommended,,

sabo dam construction instead of proceeding sabo dam construction only.
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(2) Other faéilities

‘Groundsill

Degradation occurs due to the imbalance of sediment discharge meinly

caused by the decrease of sediment supply from the upper basin due to the

construction of large scale dams: such as San Roque. Groundsill should be

provided at the scouring portion of the low water charnnel., The stretches to

"be provided with groundsill are proposed as follows:

River Strefch
Agno River San Roque - San Manuel

Tarlac River Lower ©O*Donnell Dam -~

Confluence of the Tarlac River

- Ditto ~ Moriones Dam - Cdnfldénce'qf

the Tarlac River

‘Settling Basin

A.settliﬂg basin shall be provided to
of the intake of each irrigation system
basin shall also be conducted. The annual

systems 1° estlmated based on the results

trap inflowing sediments in front
and maintenance dredglng in the
sediment 1nflow to the 1rr1gat10n

of the sedlment balance analysis

for the Proposed Framework Plan (River lmprovement Morlones -0’ Donne1l dam

and sabo dams)

- Irrigation System

‘Sedimehﬁ“lhfloﬁ Volume

(m3/yr)

ARIS. 208,000
. LATRIS 22,000
. Ambayoan RIS - 71,000
- Dipalo RIS © 11,000
SMORIS 4,000
“Tarlac RIS 3,000
"Camiling RIS 64,000
Total 383,000
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10.5.3 River Maintenance

The total sediment volume in the river channels of the Agno  River and
the trjbutaries is estimated at about 1,400,000 m3/year by the sediment
balancé simulation analysis under the condition with the proposed Framework

Plan as swmmarized below (refer' to Figure 10.5.2):

Item Sediment Volume
' (103m3/yr)
(1) Sediment Yield . _ 15,481
{2) Sedimentation in Dam Reservoirs 8,823
{(3) Sedimentation in Sabe Dams 2,334
(4) Sedimentation in Poponto Swamp g : 244
(5) Sediment Inflow to Irrigation Systems o © 383
(6) Sediment Discharge to Lingayen Gulf 2,291

- 1,406

(7} Sedimentation in River Channels : _
(15,481 - 14,075)

The amount of excess sedimentation shall be disposed of annual

maintenance dredging operation.
10.5.4 Dam Maintenance

. The: remaining dead storage of the existing dams, Amﬁuklad'dam and Binga
dam is not -enaugh because of the unexpected huge sedimeﬁf yiéld.
Maintenance dredging of the dam reservoir should be conducﬁed- for the
conservation of the design dead storage. The remaining life of the dead
storage is estimated at 18 years for the Binga‘dam'wﬁile_thé dead_storage'of

“the Ambuklao dam is almost full.
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Table 10.2.1 PROJECT ECONOMIC COST OF ALTERNATIVE
FRAMEWORK PLANS

A. AGNO MAIN AND TARLAC RIVER Unit : Million Pesos
Case 1 Case 2 Case 3 Case 4
sole River River River
River Improvement Improvement, Improvement
Improvement & Natural Natural & Dam
' fietarding Retarding
Basin Basin & Dam
Agro Main Stream 4 10,700 10,485 11,202
Tarlac River 1,587 1,288 © 1,081 1,265
Moriones-0. Dam ‘ - - _ 1,811 1,811
Sub-total 13,059 * _11.988 13,357 14,278
Productiqn Foregone - - 340 340
Increase in Dredging c 2,166 T - 2,166
Reduction in Dredging - _ -1,979 -1,979
Suli-total 2,166 - -1,639 527
Grand total 15,225 11,988 * 11,718 14,805
8. AGND TRIBUTARIES Unit ¢ Million Pesos
Cami Hing River ' 551
~ Banila River 1,023
= Viray-Dipalo River 278
" Ambayoan River _ : 173
Total 1,925

Case 1 _ “Case 2
with Binalonan without Binalonan
Floodway Fleodway
. Panto-Sinocalan : 2,653 2,824
Cayanga-Patalan . 1,246 _ : 1,158
Total * 3,79% 3,982

" Remarks
* :. The case of least cost



Table

{1}

(2}

(3}

(4)

(5)

{6)

(7)

{8}

{9y

(10) Concrete Woir

10.2.2 WORK QUANTITIES OF ALTERNATIVE FRAMEWORK PLANS OF

AGNO MAIN STREAM AND TARLAC RIVER

Work Item

Excavation
Dredging
meank;unt
Soddiﬁg |
Revatm;nt

Groin .

Sluice Hay.

Water Cate

Bridge
How
Rehab,

" (11) Dam

it

(m3)

(m3)

(m2)

(M)

(Hr}

{Hr)

{n2)

{n)

(Hr)

(Hr}

River
Improvaﬁent
Only

" 33,275,000
.17,075,000
29,953,000
8,215,000

- 614,400

20

65,250

1,202

Improvement

and Watural

Retarding Basin Retarding Basin

33,925,000
17,075,000
- 23,361,000
7,45a,quo
687,700
1,202

18

65,250

= 160 -

Rivgr

Improvement,

Hatural

and Dam

33,175,000
17,075,000

21,725,000

7,029,000

683,500
1,202

18

River
Improvensnt

and Dam

32,525,000
17,075,000
27,066,000
7,903,000
608,500
1,302

20,

65,250



Table 10. 2 3 WORK QUANTITIES OF ALTFRNATIVI‘ FRAMEWORK PLANS OF
" AGNQ TRIBUTARIES (RIVER IMPROVFMENT ONLY} g

Hork Item - Unit Camiling Banlla Viray-Dipalo Ambayoan

River . Riwvar Rivar Rivar

(1) Excavation  (m3) 845,000 968,000 185,000 85,000
(2) Dredglig - {a3) o : o . .o 0
{3) Enbankment (m3) - 1,22&,36‘0 1,664,800 . 144,200 332,500
(4) Sodding (m2) 537,100 . 827,200 134,400 " 171,500
(5} Revatment C(m2) - 59,900 67,000 39,900 23,400
{6) Groim | I I 776 420 : 286 | 88
(1) Sluice Vay (Nr) : 4 14 4, | &
(8) Water Gate (i) 0 0 o e
(9) Bridge . o

New (12) 2,300 8,600 6,200 3,000

Rehab. - (n2) _ 0 0 0 0:
(_10)'00;1;“:9 Weir (M) 0 o o . 0
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Table 10.2.4 WORK QUANTITIES OF ALTERNATIVE FRAMEWORK PLANS OF
' ALLIED RIVERS |

pantal-Sinocalan River Cayanga-Patalan River
Hork Ifem Undx “Cast 1 Case 2 . Case 1 Case 2
Wi Binalonan ¥/0 Binalonan :
- Rloodway Floodway
(1) Excavation (u3) 5,711,800 6,376,000 2,361,300 2,220,800
(2) Dredging (m3) 38,000 T - 133,000 440,000 . 390,000 -
{3} FEabenkment ) 6,514,600 8,058,000 1,772,600 1,330,600
{4 Scdding {(12) 3,525,500 4,154,100 883,100 £50,200
(5} Revetment (m2) 470,400 399,500 193,800 193,500
{6} Groin (Nz) . 754 962 1,095 ST 14095
(7). Sluice Way {Nr) 33 39 : 16 _ ‘16
(8): Water Gate " {Nr) ) ] 0 -0
(9 Bridge
How - tu2) 15,000 16,000 4,400 4,500
Rohab. (m2} 400 750 3,000 2,700
(10): Concrate Heir [§:79) b) 0 ] : . ]
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Tﬁb!e: 10.2.5: FEATURES OF, DESIGN CHANNEL- OF AGNO RIVER FOR
i .. FRAMEWORK -PLAN

Rfver: AGNO RIVER
Design Flood: 10G-yr

Agno R
item Unit RH - AG45 - AGE5- - AGLOG - AG177. -
AG45 _ AGGS AGLO9 AGLZ7  AG180:0.8k
Design Bischarge mi/s 12300 12300 12300 11100 ag00
Distance m 6850 9650 . 15150 10500 2200
Gradient of River Bed - 1/6500 1[6500 1/3500 1/2008 _1/2000
River Width m 1500 1500 1500 - 1800 1500
#idth of Channel Bed mn 400-300 - 300 T 240 200 200
Dike Height (Ave.) mo 4.7 5.3 6.2 5.6 8,8
"Hater Depth m 8.73-9.57 8.57-16.7 10,7 10.7-9.41  9.41.9,14
Low Channel Height(Ave.) m 6.5 6.5 . 5.5 6.5 6.0
Retarding 1> Floodway Bayanbang 2> Agno R
item Un{t AG180+0.8Kk AG314 - AG282{a)- A6320(b) AG351 -
-AG314 Aﬁazo(b) . AG387  -AG35) AG367
Design Discharge ‘m3fs - 8200 1000 9200 8200
Distance : m .. 6100 _ 3600 10450 15300 7650
Gradient of River Bed - - 11/1550 1/1850  Existing -1/1550 1/1000
. River Hidth ' Som - 1000-830 Existing  900-2500 1000-3200
':._Hidth of Channel Bed om - 180 . .-180 Existing 180 180
" Dike Height (Ave.) m . 5.4 4.8 4,5.6.0 . 5.5 5.2
'Hater Pepth m 9.14-7.66 7.66-8.00 8.0-4,0 8.0 -B:0-5,5
Low Channe) Height(Ave ) [ 4.5 &5 5.0 4,0 .30

1>:Retérding Basin Stretch.  2>:Bayanbang Stretch of Agno R.

Agno R

Item Unit  AG367 AGALA - AGA53 - AG459 -

AG414 - AGAS3 AG495 AG473

Design Discharge md/s 8200 8200 6400 6400

" Distance - . .o 7700 - 5306 - 3000 6450

. -Gradient of River Bed . - .. 1/700 1/370 1370 17210
‘River Hidth m 1050-2500  1250-2400  1000-1900 3001300

. Width of Channe Bed .. nm 180 150 . 150 .. 150

. Dike Helght Cm 80 o33 2.8 2.8-4.0
. Mater Depth ‘m 6.5 4,8 4.3 4,3-5.5

i}

ilowcnannel Hemnt 3.0 3.0 3.0 3.0
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Table -10.2.6 ‘FEATURES OF DFSIGN CHANNEL OF TARLAC RIVER AND
TRIBUTARIES OF AGNO RIVER FOR FRAMEWORK PLAN (I/Z)

River: TALRAC RIVER
Design Flood: 100-y

Retarding Basin Tarlag R,
Item “Unit AG180+0.8k  TA200 - TAZ27 - TA251 -
- TAZ00 TA227 C-TA251  TARIS DAM

Design Discharge md/s - 2600 2600 1750
Distange ' m 8100 13000 11800 4150
Gradient of River Bed - 171850 171300 1/760  1/692
River Width t - 1700-640  1600-600  600-270
Hidth of Channel Bed in 160 © 160 ‘160 140
Dike Height (Ave.) m - 8.2 3.9 3.5 1.5
Yater Depth m 8.9-4.82 4.82-4.0 4.0  4.0-3.5
Low Channel Height(Ave.) m

5.0-2.0 2.0 2.0 3.5

“River: CAMILIMG RIVER
Design Flood: 50-yr

Ca‘ﬁﬂiihg R.

Item Unit AGIA3+1.0k CA156+0.3k CALBZ - CAI67 = CA172 - CAL73 -
CA156+0.3k - CAL62 CA167  CAL72 CAL73 A7
Design Discharge C m3fs 2200 1556~ 1850 1550 1150 1150
Distance m 3550 4650 4300 4950 1300 2050
Gradient of River Bed - 1/2000 '1/2000 "1/1000 1/550 1/300  Existing
River Width m 250 180 186 180 130 130
Hidth of Channel Bed m 60 " 50 50 50 35 Existing
Dike Height (Ave.) m 5.3 4.2 ' 3.6 2.8 1.8 '1.8-8.0
Water Depth m 8.86-7.71 . 7.71-7.5 7.5-7.1  7.1-5.42 5.42-5.22  5.22-4.8
Low Channel Height(Ave.) m 4.7 -2 AT Y SR W 4.5 4.0
River: BANILA RIVER -
Pesign Flood: 50-yr
“Banila R,
Item Unit AG349- AG349+3.7K BNSSI - BH386 - BN394 - BN397 -
AG349+3.7k - BN38I BNSBG BH394 - BN397 - BNAO1

Design Discharge m3/s 1400 © 1400 950 480 a0 o U3a0
Distance ‘m 3700 8050 - 4550 ' 7600 2900 74100
Gradient of River Bed - 1/1295 14835 “1/520 1/265 Existing Existing
River Width m 180 .180 Tl 120 - a0 a0
Hidth of Channel Bed m 30 .30 200 .10 - Existing . -Existing'
Dike Height (Ave.) m 3.5 3.2 2.9 2.4. 2.1 . 1.3
Hater Depth m 7.5 7.0 7.0-6.42 6.42-3.314  3.14-1.5 1,5
Low Chapnel Height (Ave.) m 5.0 4.8 4.8 4.8-2.5 - 1.0 1.0 .
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Table 10.2.6 FEATURES OF DESIGN CHANNEL. OF TARLAC RIVER AND
TRIBUTARIES OF AGNO RIVER FOR FRAMEWORK PLAN (2/2})

 River: .UlRA'_hDIPALO RIVEIVER
Design Flood: 50<yr

" Viray-Dipalo R, . \Hray R.

“Ttem © o Undt AGHA- VD425- VD428~ VD430~  VD430+0.6k VDA33-
- VD25 V428 V0430 . VD430+0.6K  -VD433 UD434+0,5k
Desigh Discharge . m3/s 750 750 750 750 370, 370
Distance o m 2800 3100 2000 600 2000 1450
Gradient of Rtver Bed - 1/375 . 1/300 /250 1/1127 i Y7/
River Width . m . 380-290 320-270 320-260 300 150 150
Hidth of Channel Sed " 30 ‘30 30 30 8 O
Dike Height (Ave.) m 1.7 1.7 1.7 1.7 0.9- 0.9
Water Depth m 4,0 4.9 40 4.0 2.9 2.9
Low Channe] Height (Ave.) m 3.3 3.3 3.3 "33 . 2.8 2.8
" Dipalo R.
item Unit VD430+0.6k VD436 VD437~ - VD439- VD441~
' ' VD436 VD437 VD439 VD44l - vDd4r
Design Discharge wdfs 350 © 350 a0 210
Distance _ m 1500 700 1950 1950 1000
Gradient of River Bed  ~ 11 1/125 1/125 1/80 1/68
River Width o 100° 100 100 - 100 7100
Hidth of Chanhel Bed  m 15 15 10 0 - “10
Dike Hefght (Ave.} n 2.6 2.6 2.3 21 - 14
' Mater Depth m 3.8 30 0 2.5 A3 2.1
Low Channel Height (Ave.) m 2.0 1.2 . 1.0 1.0 1.0 -
River: AMBAYOAN RIVER
" Pesign Flood: 50-yr
_ Arrbaydan R.'
ftem mnmm— AMA4440.5k  ANA4S-
o AH444+0 5 -Aadqa AHA5120. 4k
Design Discharge 'mjls" 1750 1750 1750
Distance - mo 1800 3550 3350
tradient of River Bed = 17390 1/205 - 1/150
River Width m 400 a00 a0
Kidth of Channel Bed n - 50 50 50
- Dike Heightn (Ave.) " 4,2 o 20
* HWater Depth n 5.5 7 A X
Low: Channel Height (Ave.) m 2825 - 2.5
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Table 10.2,7 FEATURES OF DESIGN CHANNFL OF ALLIED RIVERS FOR

- FRAMEWORK PLAN (1/4)

River: CAYANGA-PATALAN-ANGALACAN RIVER
Design Flood: 50-yv (with Closure Dike)

Cayanga R. Patalan R.

Angalacan River

____________________________________________________________________

Item Unit R.H - Bued R.- Moragat R. 21.0 k- Maraboc 27.0 k -
Buad R,  Aldgragat R. - 21.0 kK Maraboc - 27.0 k Dugayong
pesign Discharge m3/s 3100 1850 1250 . 1250 500 500
Distance m 6500 8300 6200 2800 3200 3300
Gradient of River Bed - 1/1300 i/1100 1/650 17460 1/460 1/230
River Width | m 500 200 159 120 100 an
Width of Channel Bed m 65 .45 40 35 25 20
Dike Height m 2.9 3.3 2.2 2.1 0.7 0.3
Water Depth ™ 8.2 1.3 6.2 6.1 4.7 4.3
Low Channel Hefight n 6.5 5.0 5.0 5.0 5.0 4.0
Angalacan H.
Ttem Unit Bugayong  Kiilo Br,
: -Killo Br. -37.5k
Design Discharge o om3fs 370 370
Distance : m - 2700 4500
Gradient of River Bed - 1/190 1/140
River Width m 60 50
Hidth of Channel Bed I 15 15
Dike Height (Ave,) m - 0.4 1.1
Water Depth m 3.6 3.3
Low Channe] Height {Ave.} m 4.0 3.0
River: BUED RIVER _
Destgn Floed: 50-yr {with Closure Dike}
Pusd River
Item Unit Junction 2,0k~ 4.0k~ N]A Dam - 11.9k- 16.5k-
2.0k 40k NIA Dam  -11,9% 16.5% 19,7
Design Discharge m3/s 1300 1300 1300 1300 1000 1000
Distance m 2000 - 2000 13300 4600 4600 3200
Gradient: of River Bed “ 17400 " 1/280 Y1700 17143 1/140 /70
River Hidth. m 400 400 400 400 100 - 400
Width ofi Channel Bed m 30 20 - 20 .20 - 20 20
Dike Height (Ave.) m 4.4-2,0 2.1 2.1 1.9 1.6 1.4
Hater Depth " 8.2-5.8 5.6 “3.3 2.4 2.1 1
m 50 3.5 1.5 1.5 1.5

Low Channel Height (Ave.)

© 2.0
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Table  10.2.7 FEATURES OQF DESIGN CHANNEL OF ALLIED RIVERS FOR
FRAMEWORK PLAN (2/4) .

River: ALORAGAT RIVER
Design Flood: 60-yr (with Closure Dike)

ALORAGAT RIVER

L R 0 R R L B L A e P A L AL o e e AP o

Item “Unit - Junction 7.0ke 11,58k~ 17.0k-

S7.0k - 1.k 17.0k 19.7k
Desfgn Discharge m3/s 470 470 250 170
Distance m 7000 4500 5500 2700
Gradient of River Bed - 1/680 1/355 . 1/355  1/185
River Width m 90 ] 50 45
Width of Channel Bed m 30 20 10 10
Dike Helght (Ave.} m 2.8-0.0 0 1.3 1.4
Hater Depth m 1.3-4.2 4.0 . 4.0 2.8
Low Channel Height {Ave.}'m

5.5 5.0 © 35 2.0

River: PANTO—HARUSA‘{-S]HSIHDCA_LAE-TUBDY RIVER
Design Flood: 50-yr (with Flaodway)

PANTO R, rwwsm R. ' "SIKDCALAN R.
Item - Unit. R.M- Dagupan R. . 4.0k - Inga]era R. 18.0k- - 25,5k-

. -Dagupan R. -0.0k . Ingalera R, -15.0k 25.5k Mitura R.

Design Discharge m/s - 2700 1650 1650 1000 650 - 650

Distance m 2500 1500 4300 9700 7500 5500
Gradient of River Bed - 1/1750 " 1/1750 171750 171750 /1450 - 171300
River Width m - 400 Vil - 220 220 150 100 -
" Width of Channel 8ed m 70 . 60 . BB "30 36 . - 25

"Dike Height (Ave.) om 3.7-3.4 3.0 ©3.0 2.6 2.4 +2.0
Water Depth ‘m - 8.0-7.7 - 1.5 7.5 7.1 6.9 8.0

m 5.5 5.0

Low Channe) Height (Ave.) .. 6.5 5.5 © 5.5 5.5

TAGU’?IISING R.

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

" ltem ' umt Hitura R. - 36.7k-  Sta. Haria
--36.7k . . Sta. Haria ~43.5k

-——-----—mn-n-————w---—v--—---w—n----q--p——---—--u—-----unu-bah——-n* ______________________________

Design Discharge ' m3/s © 160, 160 o120

- Distance . : .ooom ~. 5700 - 4700 2100
Gradient cf River Bed - 1/709 1/430 17350

- River Width e 100 -80 BO
Width of Channel Bed me 10 10 . 10
Dike Height m 0 0 ¢

© Hater Depth v 4.0 S 3.3 3.0

m 5.0 a5 EX-

Low Channel Height -
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Table 10.2.7 FEATURES OF DESIGN CHANNFL OF ALLIED RIVERS FOR
FRAMEWORK PLAN (3/4) ‘

River: DAGUPAN RIVER
Dasign Flood: 50-yr

DAGUPAH R. . SAN JUAN R, ELARG R..
Item Unit  Junction 7.5k- - 12.7k- - San Juan
7.5k 12,7k Elang R~ -~ 27.6k
Design Discharge m3/s 1100 900 650 310
Distance mn 7500 5200 9000 5900
Gradient of River Bed - 1/5000° 1/5000 1/5000  1/5000
River Width M 250 100 100 50
Yidth of Channel Bed m 60 30 30 20
Dike Height (Ave.) m 3.z 3.6 4.1 - 3.3
Hater Depth m 7.7 7.6 7.6 7.0
Low Channel Height {Ave.} m 5.5 - 5.0 4.5 4.5
River: INGALERA RIVER
Design Flood: 50-yr
IHGALERA RIVER
ftem - “Wnit  Junction Malasigui - 2640k - 3Z:0k-  San Micolas
-Malasigui - 26.0k 32,0k San Hicolas -37.5k
Design Discharge m/s 500 460 260 260 150
Gistance m 13300 12709 6000 - 4000 1500
Gradient of River Bed - 173600 171800 1/1000 1/700 /700
River Width m 100 60 - 50 50 a0
fidth of Channel Bed m 25 15 15 10 10
Dike Height (Ave.) m 3.0 C 2.2 2 I B Y 1.3
Kater Depth m ‘7.5 6.9 B8 4.9 4.2
Low Channel] Reight (Ave.) m 5.5 5.5 5.0 4.0 "3.5
River: MITURA-MAGALONG RIVER ER
Design Flood: 50-yr
MITURA R, " MAGALONG ~RIVER
Item " Unit Junction 5.3k~ Taboy - 19,0k -
-5,3k Taboy 19.0k - 21,0k
Des ign' Discharge /s 250 - 250 180 . 140
Distance m 5300 _'8900_ g0 2009
Gradient of River Bed - 17800 17460 1/460  1/280
River Width mn 50 40 35 30
Hidth of Channet Bed m © 10 8. 6 '
Dike Height {Ave.) m 2.0-1.0 1.5 1.4 ¥
Hater Depth m 6.0-5.2 4.7 4.3 ' 3.7 -
tow Chanpe) Height (Ave Y m 5.0 4.0 .33 3.0
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Table 10.2.7 FEATURES OF DESIGN CHANNEL OF ALLIED RIVERS FCR
FRAMEWORK PLAN (4/4)

River: BINALONAN FLGﬁDHMITUBDY RIVER
Design Flood: 50-yr

Binalonan Floodway Tuboy R,
[tem Upit  Junction 1.8k~ 6.7k~ 10.6k-
~-1.8% . 6.7 10.86k 12.2k
Design Discharge mi/s 650 650 550 850
Distance m 1800 4900 3900 2000
Gradient of River Bed - 1/400 1/355.5 17190 1/143.1/67
River Width m 60 60 60 60
Width of Channel Bed m 15 15 15 15-10

Dike Helght (Ave.) © 2.5 2.4 1.7 1.7-0.3
Water Depth m 6.1-5.0 §.0-5.7 4.7 4.7-3.3
Low Channel Height {Ave.) m 4.5 4.5 4.0 4.0
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Table 10.3.2 PROJE(‘T ECONOMIC CQST OF ALTERNATIVE LO'NG TERM PLAN

FOR AGNO RIVER TRIBUTARIFS

(Unit ;: Mitlion Pasos)

G_rand Total

s

Viray-
‘Retum Work Iteo Camiling Bariila Dipalo  Ambayoan Total
Pesiod River River River River
1/50 I. Main Construction Cost -
1. Pyeparatory Woiks 24 54 15 9 102
" 2. Main Works 239 543 ‘148 3 1,022
3. Miscellancous Works 40 90 24 15 169
Total of T, 303 637 187 116 1,293
1. Compensation 30 69 19 12 130
1. Administration 17 3% 10 & 1
1V. Bngincering Setvices 48 i1 30 19 207
V. Physical Contingency 53 19 32 20 224
-Grand Tolal 451 1023 273 17 1925
1/25 1. Main Construction Cosl’ _
1. ?mparamr)j_w_ﬁrks 19 - 3% 14 9 T80
2, Main Works 190 379 144 &7 800
3. Miscellancons Works 31 - 63 24 M 132
- Towd of 1, 240 480 182 110 1012
I Compensation p2! 48 18 1n 10
IiJ. Administration. 13 2% 10 6 55
TV, Engincering Services 38 n 29 18- 162
V. Physical Contingency 4z 83 32 19 176
" Grand Tolal 357 74 271 164 1,506
BRI 1. Main Construction Cost .
1. Preparatory Works 15 34 14 8 n
2. Main Works 148 337 140 81 706
3. Miscellancous Works p 56 23 13 116
Total of 1 187 427 RiL 102 893
. . Compensation 19 43 18 i0 90
I1I. ‘Administration 10 24 10 6 50
" IV, Bpgincering Services 0 68 28 16 142
V. Physical (,onlmgency 32 74 n "~ 18 155
636 264 152 ©1,330
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Table 10.3.3 PROJECT ECONOMIC COST OF ALTERNATIVE LONG TERM PLAN
FOR ALLIED RIVERS . (112)

1, Pantel-Sinocalan River with Binalonan Flopdway

(Uniz : Miflion Pesos)

Pantal- . )
Rewm Work Item Sinccalan  Tagupan  Ingalera  Macalong  Binglonan Toal
Period River River -River River Fleodway
1450 1. Main Construction Cost _ _ .
1. Preparatory Works 49 39 38 7 13 136
2. Main Works 389 189 375 7 131 1,355
3. Miscellaneous Wotks 64 64 62 12 22 224
Totat of L 492 492 475 o0 166 1,715
iI. Compensation 49 49 48 9 17 172
T1. Administration 27 21 26 5 9 94
IV. Engineering Services 79 i 76 14 27 275
V. Physical Contingency 85 85 82 16 29 97
Grand Total 732 732 707 134 248 2,553
125 1. Main Construction Cost . - -
1. Preparatory Works 36 34 34 7 12 123
2. Main Works 360 342 339 65 116 1,222
3, Miscelancous Works 59 56 56 1 19 201
Total of I. 455 432 429 83 147 1,546
il. Compensation 46 43 43 8 15 155
111. Administration 25 | 24 ‘24 5 S8 86
IV. Fngineering Services 73 59 69 13 24 245
V. Physical Contingency 79 75 74 14 26 268
Grand Total 678 643 639 123 20 230
110 1. Main Constrnection Cost . _ ]
1. Preparalory Works 73 2 27 s, .1 105
2. Main Works 326 287 273 43 T8 1,047
3. Miscellaneots Works 54 C 47 45 3 18 172
Total of 1. a13 363 343 6 137 1319 -
11, Compensation a1 36 35 6 s 132
111.-Administration 23 20 19 3 B T3
IV. Engincering Services 66 58 55 1 3 .21
V. Physical Contingency 72 63 60 h 24 230
Grand Tolal 615 540 514 o 205 1965
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Table 10.3.3 PROJECT ECONOMIC COST OF ALTERNATIVE LONG TERM PLAN

FOR ALLIED RIVERS (2/2)

.2, Cayanga-Patalan River with Binalonan Floodway

(Unit : Million Pesos)

. Cayanga-
Retvm Work ftem Patalan Bued Aloraga Total
Period  River River River

1/50 1. Main Constraction Cost
1. Preparatory Works 40 19 7 65
2. Main Works 401 190 71 . 662
3. Miscellancous Woiks 66 3 12 169
“Total of §. 507 240 - 90 837
H. Compensation 51 .24 9 84
111. Administration ' 28 13 5 46
V. Engincering Sexvices . 81 38 14 133
V. Physical Contingency 88 42 16 146
Grand Total 755 357 134 1246

1125 I Main Construction Cost
1. Preparatory Works . 36 19 7 62
2. Main Works - . Tt 360 186 68 614
3. Miscellaneous Works 59 3 11 . 101
Totat of I 455 236 86 717
11. Compensation 6 2 9 ”
I1i. Administration S35 .13 5 43
IV. Engineering Services 73 - 38 14 125
V. Physicat Contingency 79 41 15- 135
Grand Total _ 678 352 129 1,159

1710 1. Main Constmiction Cosl .

1. Preparatory Works 32 18 7 57
2. Main Works 3T 181 67 565
3. Miscellanedns Works 52 <30 1 29
~Total of I. _ : 401 29 85 715
11, Compensation - 40 23 9 72
I Administeation . 22 13 5 40
IV. Engineering Services . 64 37 14 115
V. Physical Contitigency : : C69 40 15 124
" Grand Total L s06 342 128 1,066
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Table 10.3.4 PROJECT FINANCIAL COST OF LONG TERM PLAN (1/2)

(Unit: 1,000 Pasos)

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

I. Agno River

1. Lower Agne River

(1} RM-AGD45 955,609 679,183 1,634,792
(2} AG045-AG122 1,958,053 963,113 2,921,166
{3) AG122-AG282 979,063 519,039 1,498,102

Sub-total of 1 3,892,725 2,161,335 6,054,080

2. Poponto Stretch

{1) Dayambang Stretch 76,139 53,450 129,589
{2) Poponto Floodway 685,298 312,500 997,798

Sub-total of 2 761,437 365,950 1,127,387

3. Upper Agno River

{1} AG309-AG3I51 299,418 225,551 524,960
(2) AG351-AG405 222,559 158,322 377,881
(3) AGA05-#G473 871,344 429,655 1,300,999
Sub-total of 3 - 1,393,321 010,526 2,203,849
Total of 1 6,047,483 3,337,813 - 9,385,206

Il.. Tarlac River

(1) AG180-TA200 456,111 184,589 690,700
(2) TA200-TA265 446,532 333,839 780,371
Total of [I 902,643 518,428 1,421,471

111.,. Agno River Tributary

(1) camiding River 225,737 161,015 386,752

{Z) Banila River 459,202 314,534 773,736

{3) Viray-Dipalo River 150,001 149,433 T 300,234

{4} Ambayoan River 101,274 78,013 179,287

Total of i1 937,014 702,995 1,640,009

GRAHD TOTAL (Tell+IIl) 7,887,140 4,550,235 12,446,376
{CF-LG25A)
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Table 10.3.4 PROJECT FINANCIAL COST OF LONG TERM PLAN (2/2)

(Untt: 1,000 Pesos)

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

20 Pt e v o R R A S B B 4 R TR Y e TR L O e B o o T Bk PR e e o 23 R D B

I. Panfo_-SinocaIan River

(1) Panto-Siriocalan River 539,589 376,417 916,006

{2) Dagupan River . 39,880 207,483 586,924
{3) 1ngalera River A 334,502 219,459 554,001
{4) Hacalong River 57,757 - 45,235 102,992 |
(5) Binalonan Floodway (I ] 0
Sub-Totat I. 1,311,369 848,634 2,160,003

I1. Cayanga-Patalan River

(1) Cayanga-Patalan River 338,084 262,748 601,432
(2} Bued River _ . 24,179 " 161,985 376,164
{3) Aloragat River 61,882 86,802 148,684

Sub-Total 1. 614,745 . 511,535 1,126,280

Total of I.-and 11, = 1,926,114 1,350,269 3,286,283
(CF-16250)
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Table 10.3.5 FEATURES OF DESIGN CHANNEL OF ACNO RIVER FOR

LONG TERM PLAN

River: AGND RIVER
Pesign Flood: 25-yr

Lew Channel Height{Ave.)

Agno R
Item Unit Rivermouth AG45 - AGE5 ~  AGLIO9 - AG177 -

~AGA5 ) AGBS AG109 AGL77  AG1B0+0.8k

Design Discharge m3/s 8000 9000 9000 8100 7500
Distance i1 - 6850 9050 © 15150 10500 2800
Gradient of River Ded - 1/6500 - 1/6500 173500  1/2000 ‘172000
“River Width ' m 1500 (1560} - {1500) (-]500}' - {1500}
Hidth of Channel 8ed m 360-250 240 200 200 200
Dike Hetght (Ave.) ‘m 3.6 4.2 5.1 4.5 4.1
Hater Depth n 8.1-9.0 §.0-10.1 10.1 10.1-8.8 8.8-8.4
m 6.5 6.5 6.5 6.5 - 6.0

____________________________________________________________________

- Ttem _ Unit AG180+0.8k  AG314 - AG282{(a)  AG320(b)  AG3S1 -

-AG314 AG320{b) - AGI0? - AG351 AG3E7

Desigh Discharge m3/s - 5200 600 5800 5100

~ Distance m 6100 3600 10450 15300 7650
Gradient of River Bed - 1/1550 171550 Existing 1/1550 1/1000
fiver Width m - 1000-830 160-2000 600-2500  100-3200
Width of Channe} Bed m 180 180 Existing 180 185
Dike Height (Ave.) m 4.7 4.0 4.1-0.0 4.4 4.4
Water Depth m 8.4-7.0 7.0 7.6-3.4 6.9 6.9-4.8

Low Channel Height(Ave.) m

4.5 4.5 5.0 4.0 3.0

1>:Retarding Basin Stretch

2»1Bayambang Stretch of Agno R,

Agno R

Item Unit  AG367 - = AG4LA . AG4E3 - AGASY -

AGA14 A6453 AGI5Y  AGAT3

Design Discharge mi/s 5100 5100 3800 3800

Distance m 7700 5300 3000 6450

Gradient of River Bed - 1f700 /30 /316 1f210
River Width m  1050-2500  1250-2400  1000-1900  300-1300

Hidth of Channel Bed m 180 150 . 150 ¢ 150

Dike Height {Ave.) mn 3.3 2.8 2.0 2.0-3.0

Hater Depth n 4.8 4.3 3.8 3.8-3.8

Low Channel Meight (Ave.} m 3.0 3.0 3.0 3.0
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“Table - 10.3.6 ‘FEATURES OF DESIGN CHANNEL OF TARLAC RIVER AND
... 'TRIBUTARIES OF AGNO RIVER FOR LONG TERM PLAN (i/2)

River: TALRAC RIVER
Design Flood: 25-yr

Returding Basin Tarlac R.
Item Unit AG1BO+0.8k . TA20D - TA227 -  TA251 -
- TA200 TA227 TA251 ~ TARIS Dam
Design Discharge mdfs - . - 2600 2600 1750
‘Distance L ‘m 8100 13000 11800 4150
Gradient of River Bed - 1/1850 1/1300 1/760  1/692
River Width . m - 1700-640 .- 1600-600 - 600-270
‘Width of Channel Bed m 160 160 160 . 140
Dike Height {Ave.) m 7.2 3.9 3.5 1.5
Water Depth m 7,9-4.82 4.82-4.0 4,0 4,0-3.5
Low Channel Height{Ave.) m 5.0-2.0 2.0 2.0 3.5

River: CAMILING RIVER
Destygn Flood: 25-yr

"Cami}ihg R.

Item Unit AG143+1.0k CA156+0.3k CAl62 - CAL67 - - CAL72 - CAI73 -
. . CA15640.3k - CAL62 CAl67 ~ Cm72 CAL73 CAI75
Design Discharge w/fs 1650 1150 1150 1150 850 -850
Distance m 3550 4650 4300 4950. 1300 - 2080 - -
Gradient of River-Bed . - 1/2000 - 1/2000 1/1000 1/650 - 1/300  Existing
River Width m 250 180 180 180 136 . 130
Width of Channel Bed  m 50 40 40 40 30 - Existing..
Dike Height {Ave.) m 5.0-3.2 3.1 2.8 2.6 1.0 .1,0-0.0 .
Nater Depth m 8.2-6.9 6.9:6.7 6.7-6.3 6.3-4.8  4.8-4.4 4,4-4.2
Low Channel Height(Ave.)- w 4.7 4.7 N 4.5 . 4,5 ENE
‘River: BANILA RIVER
Design Fiood: 25-yv
Banila R.
Item Unit AG349- - .AG349+3.7k = . BN3BL - BN3B6 -  BN394 - -BN3O7 -
: ' AG349+3.7k . ~BN3BL :BN3B6 .  BN394 BN397 BN401
- Design Discharge m3/s 1000 1000 650 300 300 230
" Distance _ m 3700 " - 8050 - 4550 7600 2900 4100
“Gradient of River Bed - 1/1295 C 1835 1/520 - 1/265 - Existing - Existing
" River Hidth ' m 180 180 1120 120 120 120
. Hidth' of Channel Bed m I 0. 15 © 8 Existing Existing
Dike Hoight {Ave.) cmo 3.1 < .2.8 2.5 2. 1.9 1.1
Hater Depth i 7.1 6.6 6.6-6.0 6.6-2.8  2.8-1.3 - 1.3
m 5.0 © 48 4.8 4825 1.0 o 1.0

Low Channel Height (Ave.)
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‘ Tahle 10.3:6 FEATURES OYF DESIGN CHANNEL OF TARLAC RIVER AND
=+ “TRIBUTARIES OF AGNO RIVER FOR LONG TERM PLAN (2/2)

Rivers VIRAY-DIPALD RIVER
Design Flood: 25-yr

Viray-pipalo R.. Viray R.

Ttem Unit " AGA14 CovDazs - VD428 VD430~ VD430+0,.6X Vl)1!33
: -VD425 ~vD428 -VIM30 - vDA30+0,6K -V0433  -VD434+0.5K
Design Discharge | m3/s 550 550 550 550 270 1270
Distance m 2800 3100 2000 600 . 2400 - 1450
Gradient of River Bed - _ 113_75 1/300 1/250 /127 /127 : 1/7%
River Hidth M 380-290 . - 320-270 '320-260 360 150 Y150
Width of Channel Bed m 30 30 30 ‘30 15 ‘15
Dike Height (Ave.} [ 1.4 _ i.4 1.4 1.4 0.75 0.75
Hatar Cepth m 3.7 3.7 3.7 3.7 2.75 2,75
Low Channel Height (Ave.) m 3.3 3.3 3.3 3.3 2.8 2.8
River: VIRAY-DIPALO RIVER
Design Flood: 25-yr
DipaloR.
item ’ Unit VD43040.68 VD436 VD437 VD439 Vo4l
-VD436 _ -VD437 ~yD439 -Vhaal VD442
Design Dischorge m3fs 250 250 150 150 150
Bistance. m 1500 700 1950 1950 10c0
Gradient. of River Bed - 1/170 1/125 1/125 . 1/80 1/68'
River Hidth m 100 100 100 100 100
Hidth of Channel Bed m 15 15 10 - 10 B | {
" Dike Height (Ave.) m 2.4 2.4 1.95° ©  1.75 . 1.55
Water Depth m 3.6 .2.8 2.35 2.15 1.95
Low Channel Height{Ave.) m 2.0 1.2 1.0 1.0 “1.0
River: AMBAYOAN RIVER
Design Flood: 25-yr
Arbayoan R,
“Ttem Unit AGAGI- . AMA4S3D.5K  AMSAS- :
' AMA4440 5K - AMa4BY AMQSHO 4k
Design Discharge 'rri315- 1350 1350 1350 e L
Distance m 1806 - 3550 3350 :
Gradient of River Bed - 1/390 1/205 1/150 .
River Widih m > 400 400 © 400
Width of Channel Bed m 50 50 - B0
Dike Height(Ave.) 1] 3.9 1.9 1.7
Water Depth n 5.2 3.4 3.2
Low Channe} Height{Ave. ) " 2.8 2.5 2.6
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Table 10.3.7 FEATURES OF DESIGN CHANNI:.L OF ALLIED RIVERS FOR
'LONG TERM PLAN (1/3)

Rivers CAYANGA-PATALAN-ANGALACAN RIVER
Desion Flood: 10-yr (with Closure Dike)

Cayanga R. Patalan R. Angalacan River

Item Unit " R.H - Bued R.- Aloragat R. 21.0k- HMaraboc C27i0k -

Bued R.  Aloragat -R. - 21.0k " Maraboc - 27.0k  Bugayong

Design Discharge ‘m3/s 1500 800 400 400 280 280
Distance m 6500 8300 6200 2800 3200 3300
Gradient of River Bed - 1/1300 /1100 1/650 - 1/460 " 17460 1/230
River Width m 500 200 "150 120 100 80
Width of Channel Bed m a0 C30 25 - 25 20 20
Dike Height - m S O R 2.1 0.3 0 0 0
Hater Depth il 7.4 6.1 4.5 4.1 3.8 - 3.2

L1}

Low Channe} Height 6.5 - 5.0 5.0 5.0 5.0 . 4.0 ¢

Angatacan River

" Item © Unit  Bugayong  Kille Br.
. =KILLO Br. =37.5%

Design Discharge - mi/s’ 190 190
Distance "R 2790 4500
Gradient of River Bed - 1/190 1/140
River Width n 60 50
Width of Channel Bed m 15 15
Dike Height o m 0 0
Water Depth m 3 2.4
Low Channal Height . m 4.0 3.0

Riuer BUED R!VER
Design Floods lﬁ-yr (mth Closure Dike)

‘Bied River
Ttem Unit  Junction  2.0K - - 40K - NIA Dam 11.6K -  16.5K
- "=2.0K 40K - NIADam . 119K 16.5 K 19.7
Design’ Discharge . . -md/s 750 - 750 750 750 500 - 500
‘Distance - : m 2000 - . 2600 C 73300 - -460D ‘4600 13260
Gradient of River Bed - 1/400 - 1/280 . 1/170 .1/143 1146 1470
River Width Coom 400 - 400 -400° 400 400 400
Width of Channe) Bed m R 20 2 20 - 200 20
Dike Height m 1.9-1.1 - 2.1 RS X TS O 1.2 1.1
Water Depth- = - - m  7.4-501 4.6 2.9 1.9 1.7 1.6
Low Channel Heaght m 5.0 3.5 2.0 1.5 1.5 1.5
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‘Table 10.1.7 FEATURES OF DESIGN CHANNEL: OI‘ ALLIED RIVERS FOR
LONG TERM PLAN (2/3)

River: ALORABAT RIVER
Design Flood: 10-yr (with Closure Dike)

- ALURAGAT RIVER

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

Item Unit Junction 7.0%- 11.5k~- 17.0k-

- o=7.0k -11.5k 17.0k 19.7k
Design Discharge m3/s 300 300 150 100
" Distance n 7000 . 4500 5500 2700
Gradient of River Bed - 1/680 1/355 17335 17185
River ¥idth m 90 80 i 50 45

Hidth. of Channel Bed 30 20 10 10
iHke Height 15} 1.6-0.0 0.0 0.3 0.8
Hater Depth mn o 6.1-3.2 3.2 3.2 2.2
Low Channel Height m 5.5 . 5,0 3.5 2.0

River: PMTG-MM\USA‘{-—S!NOCALAH-TAGUMISIHG RIVER
Dasign Flood. 10-y+ {wfo Fleodway)

PANTO R. MARUSAY R. S -SINOCALAN R.
Iiem Unit R.H - Dagupan R. 4.0k - . 1Irgalera. 18.0k- 25.5k -
Dagupan R. ~4,0K Ingalera R. R. -18.0k 25.5k Kitura R,
Design Oischarge mdfs 1990 1250 1250 900 . 650 ~ 650
Distance m 2500 1500 4300 9700 - 7500 "5500
Gradient of River Bed - 171750 111750 171750 1/17580 IIMSD_ 1/3100
River Ridth m il 120 220 220 150 -100
Width of Channel Bed m 60 60 40 30 30 . 25
Dike Helght m 2.7 2.5 2.6 2.4 2.4.. 2.0
Hater Depth mn 7.2 7.1 S 6.9 6.9 . 6.0
Low Channel Height m 5.5 5.5 5.5 5.5 5.5 5.0
TAGUHISIHG R.
Item Unit Mitera R. 36.7k- -~ Sta, Maria
- -36.7k Sta. Maria - -43.5k

Design Discharge m3/s 160 160 120
Distance mo - 5700 4700 2100
gradient of River Bed - - 1/700 17430 1/350
River Width ‘ m 100 80 80
Width of Channel Bed m 10 10 C1e
Dike Height m _ 0 ] 0.
flater Depth m . 3,0 3.3 3.6
Low Channel Height m 5.0 4.5 4.5
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Fable 10.3.7 FEATURES OF DESIGN CHANNEL OF ALLIED RIVERS FOR
LONG TERM PLAN (3/3)

“River: DAGUPAN RIVER
Besign Flood: 10-y

" DAGUPAN-R. - SAN JUAN R, . ELANG R.
Ttem CUnit  Junction 7.5k~ 12.7k= San -Juan

' -7.5% C 12k Erang R, - 27.6k
Design Discharge . m3/s 700 . 580 - 390 190
" Distance . ™ 2500 . B200 9000 5900
Gradient of River Bed. - -1/5000 .- 1/5000 S 175000 - 1/5000
River Hidth m 250 100 -100 50
Width of Channel Bed m 60 : 30 C20 15
Dike Height m 2.7 3.2 3.3 2.3
Rater Deépth m 7.2 1.2 7.0 8.0
Low CHarinel Height = m ‘5.5 5.0 4.5 4.5

-'River; THGALERA RIVER
Design Flood: 10-yv

IHGALERA RIVER

Ttem Unit . Junction Malasigui 26.0k- 32,0k - San Ricolas
-Malasigui ~26.0k 32.0k San Micelas -37.5k

Desian Discharge md/s 360 260 150 150 80
" Distance m * 13300 12700 THODD - 400 1500

Gradient of River Bed - 1/3600 141800 f1gon - 1/700 ‘14700
.River Width m 100 60 50 50 10

Hidth of Channel Bed -m - 15 Sz 8 '8 .6

Dike Helght mn 24 08 0.0 0.6 0.3
Water Depth " 7.1 5.8 4.3 4.0 3.2

Low Channel Height m " 5.5 5.5 5.0 4.0 3.5
" River: MITURA-MAGALONG RIVER

Design Flood: 16-yr

~ HITURA R. HAGALONG RIVER
Item gn{t Junction 5.3k~ Taboy - 19.0k -
-5.3k Taboy 19.0k 21,0k

" Design Discharge m/s 130 130 . 90 L0

Distance S om 5300 8900 - 4800 - 2000

Gradient of River Bed - C1/800. . 1/460-  1/460 -1/250

River Width m 50 40 35 7 30

Hidth-of Channel Bed m . 10 .8 6 -4
U Dike Height Com 2.0-0.0 o 03 0.4 0.5

Hater Depth’ mo 6.0-3.8 3.7 33 2.9

Low Channel Height - m 5.0 . 4.0 3.5 . 3.0
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Table 10.4.1 PRINCIPAL FEATURES OF THE EXISTING/ON-GOING
TELEME’I‘ERING GAU(‘ING S'I‘ATIONS

jsting Telemetering Stations.

{m AMSL)

Note: (#1) RF : Rainfall siation
{*2) WL : Water level gauging station
{*3) AMSL ; Above mean sea level

- 182"

Station Name Binga dam San Roque Casmen Tibag Wawa Banags - Sia. Basbard
1. Location Binga Irtigation immediately Agana Br. . 300m Padilla Br. Maramba Br. .
damsite intake site downslream : dowristrépm '
"'of Plaridel Br. of Wawa Br.
- Latitedo L o4 SN Uy cr A by . 150324 157297 14" 15'46'28" -!6'01'5_0" T 16%00°24"
- Longhude - 120107 1200 07" 120035734" 126°34'09" 120126'50" 120°12°44" 124°24'04"
2. Kindofsiation  RECFD&WL(*2)  RF&WL RE&WL RF&WL ‘RE&WL WL T RP&WL
3. River Name Agno River AgtoRiver  'AgnoRiver ~ TaerlacRiver Agrio River - Agno River  -SinotalafRiver .
4. Catchment Arca 936 kin2 1,225 km2 2,209 k2 C ¥R km2 4,196 km 5,560km2 . - 1BOkmZ -
3. Water Level ) . ‘
" Gaugé type Sensingpole  Sensing pole . Sensingpole  Sensing pole “well Well | Well
6. High Water Level T 4193 - 1009 90 502 15.8 338 - 12
(m AMSL(*3))
7. Low Water Level 478.8 944 215 3.5 5.5 12 1.7
{m AMSL) ’
The Telemetering Stations to by consiructed on FFWSDO Project:11. ,
© Station Name Apunan . Bobok . Badayan . AmbkiaoDam  BingaDam -
1. Locationy M. Apunan M. Bobok - Hilltop at Ambuklao Binga Damsite
Badayaniown - Damsite :
- Latitude 16"34'22° 16° 270" 16°45°18" 16727407 16'23'52"
- Longimds 12074929 120°49'03” £20°49°53" 120°44'38" 120°43'38"
2. Kind of station RF " RF RF RPF&WL - RP&WL,
3, Alitade - 240 1,497 1,700 758 586
{m AMSL)
4. Catchment Ares - - - 686 936
5. Water Level .
Gauge type - - - Pressure Pressure
6. High Water Level - - - 7520 " 575.0
(i AMSL) ) .
7. Low Watzs Level - : - - 694.0 555.0



Table '10.4.2° COST ESTIMATE OF AGNO' RIVER INTEGRATED FFWS-

(Unit : Million Pesos)

wemNo.  ~  Descripion - . EquipmentCost  Civil Works Total

1. Construction Cost
1.1 Direct Cost

(13 Agno River FFWS 10745 1406 1215

(2) San Roque FOS 67.83 578 73.61
(3) Meriones FOS . 71.73 6.25 77.98
(4) Balog-Balog FOS - IR b Yy ! 6.25 7198
(5) Mt. Ampucao Repeater Station 14.00 : 008 - 14.08

(6) Mt. Malabobo Repealer Station 1174 1:57 1331
(7) St. Ignacia Repeater Station 9.79 063 L 1042
(8) Binga Dam Office : 240 0.03 243
(9) Cabanatuan Repeater Station 030 - 002 . 032
- (10) NTA FFWS Center 07 0.03 0.80
(11) PAGASA FFWS Center (DIC) 3.74 0.08 S 3B2
(12) OCD Monitor Station 0.97 0.03 1.00
(13) DPWH FFWS Center 358 0.08 : 3.66
(14) Municipal Waming System 1454 0,60 15.14
(15) Measuring Equipmens 534 077 0 6l
(16) Spare Pans ' 3151 0.717 3228
Total of Direct Cost - . 41742 37.03 45445
1.2 Indir_eg:t Cost . 97.97 o 2475 12272
Total of Construction Cost 515.39 61.78 577.17
2. Engineering Services - 115.38
3. Conlingency 103.85
~ Grand Total - _ S _ 796.40
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Table 10.4.3 COST ESTIMATE OF AGNO RIVER LONG TERM FFWS§

{Unit : Million Pgsosl

Item No. Description . Equipment Cost Civil Works - Total

1. Construction Cost

1.1 Direct Cost

(1) Agno River FFWS - 8167 832 89.99
(2) Mt. Ampucao Repedter Station - 14,00 008 14.08
(3) Mt, Malabobo Repeater Station 1174 1.57 . 1331
(4) Binga Dam Office 240 0.03 : 243 -
(5) PAGASA FFWS Center (DIC) -3.74 0.08 3.82
(6) DPWH FFWS Center 3.58 .. 0.08 366
(7) Municipal Waming System 14.54 0.60 1514
" .(8) Measuring Equipment 534 0.77 S 6,11
(9) Spare Parts 13.17 . 1.07 1424
Total of Direct Cost . 150.18 12.60 16278
1.2 Indirect Cost 37.55 3.15. 40.70
Total of Construction: Cost 18773 1595 . 203.48
2. Engineering Services 40.70
3. Contingency ' 36.63
Grand Total . 280.81
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Table 10.5.1 MAJOR DIMENSIONS OF PROPOSED SABO DAMS (1!?.)

Dam Ho.  Name of River Height Hidth River Bed Construction Total Dam flemarks
(m} {m} Gradient _ Cost (mil, peso). Volume {m3)

p-l Ambayoan 20 100 1/35 70 1,190,000 Upper Ambayocan Dam Site
b-2 —.§1tto - 20 100 1/35 70 1,190,600
D-3. - ditto - 20 2007 1/65 - 140 4,810,000 Upper Sapinit Dam Site
D-4 - ditte - 20 100 170 .70 2,380,000
D-5 - ditto -. 20 300 1/100 210 11,400,000
0-6 - ditto - 20 150 1/30 105 1,620,000

Sub - Total (Ambayoan} 665 22,590,000
D-7 Dipalo 20 100 1[20 70. 680,000
D-8 Viray 20 100 1/5 70 176.000
D-9 - ditto - 20 100 1/12 70 425,000

C e3¢ - - ditto - 20 R {ili] 1/20 70 680,000
n-11 ~ ditto - 10 160 1/15 40 205,000

Sub - Total (Viray) 320 1,480,000
D-12 Camiling -20 180 1475 125 4,950,000 Camiling Dam Stte
D-13 - ditto - 15 130 125 77 935,000
D-14 - ditto - 10 140 1175 56 - 1,875,000

Sub < Total (éami]ing) . 258 7,760,000
D-15 Olo- . 25 ‘lsb 1760 126 4,050,000 Pija Dam Site
.Dulﬁ - ditto - | 20 100 ©1/35 70 l.lgq.OUU
p-17° - ditto - 20 100 3 70 1,190,000
0;13 o ditto - 20 100 1/35 70 1,190,000

336

“Sub - Total (0lo)

7,620,000
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Table 10,5.1 MAJOR .-DIMENSIONS OF PROPOSED SABO DAMS (2/2)

Oam Ho. Name of River lefght  Width  River Bed  Construction  Total Dam " Remarks

(m) {m) Gradient  Cost (mil. pese) Volume (m3)
0-19 Bayaocas 20 180 1775 125 i 4,950,000 Bayaoas Dam Si.te
020 - ditto - 2 150 1/65 105 3,510,000  Kalipkip Gam Site
D2t - ditto - 15 100 1/40 55 1,020,000
0-22 - ditto - 15 140 1425 77 935,000
Sub - Total {Tubay) ' 162 5,465,000
D-23  Angalacan 15 80 1/25 4 485,000
D-24 - ditto - 15 100 /15 55 © 380,000
Sub - Total (Angalacan) ’ B | 865,000
0-25 Bued 20 100 1/45 L0 1,530,900
0-26 - ditto - 20 100 1/45 70 " 1,530,000
0-27 - ditto - 200 100 1745 70 1,530,000
p-28 - ditto - 20 100 1/15 70 510,000
D-29 - ditto - 20 100 /25 - 70 850, 000
0-30 - ditto - 20 100 1/15 70 510,000
0-31 - ditto < 20 100 /10 70 340,000
D-32 - ditto - 20 100 1/10 70 340,000
Sub - Total (Bued) 560 7,140,000
Total | 2,600

Hote: 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 hetqhit and 100 m in'width was 70,000,000 pes¢s. :
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