Table 4.4, the basin mean 4-day rainfall. is estimated. at: 629 mm, 575 mm, 413
mm, 168 mm and 385 mm at San Rogue, Carmen, Wawa, Tibag and rivermouth of the

Agno River respectively.
(3) outlow/inflow at Binga and Ambuklao dams

Reservoir operation record during typhoon Maring is available at both
dams of the Binga and the Ambuklao. Hourly inflow and outflow of both

reservoirs are estimated based on their operation record as shown in Fig. 4.13.

The Binga and Ambuklao dams are not equipped with a reservoir space for
flood control because of their single purpose for power generation. As given
in Fig. 4.12, therefore, outflow from reservoir shows almost same pattern of

flood inflow to reservoir at both dams.
{4} Tnundation map

Flood mark survey was carried out by the Study Team to confirm the extent
of inundation area as well as water depth of the -flood ‘caused by typhoon
Maring. Thus, the inundation map is ‘available for use in calibration of
proposed model.
4.3.3 Basic conditions for simulation

(1) Runoff coefficient

Runoff coefficient ig derived from the relationship between the volume of

direct flood runoff and the total rainfall amount’ during flood. .

Along this line, six flood inflow hydrogréphs at the Ambuklac dam are

examined to estimate runoff coefficient as illustrated in Fig. 4.14.

Shown in Fig. 4.15 1s the examined' relation for. selected flood assuming
that the base flow is equivalent to the initial runoff.immediatély before the

rising limb of flood hydrographs.

The plotted :data shows ‘that the runoff coefficient “of . 0.5 - is adequate.

until the rainfall amount reaches up to 300 mm, while it shifts to 1.0 beyond
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the rainfall amount of 300 mm.
{2) Base flow

The relationship between average base flow and .drainage area is
established as given. in Fig.. 4.16. From this relationship, the specific base

flow is estimated to be 0.055 m3iseclkm2.
{3) - By-pass floodway channel to the Poponto swamp

-Discharge rating curves at the inlet of the by-pass floodway channel to
the Poponte Swamp are constructed based on the non-uniform flow calculation as
prepared in Fig. 4.17. In this simulation, the diverted flood discharge to the

by-pass channel is estimated by use of these rating curves.

.. -In this comnnection, the flood from.the Tarlac River basin directly flows

into the Poponto Swamp.
{4) Breached/overtopped flow to the Allied Rivers

As mentioned before, there still remains several breaches/gaps dowstream

of .San Roque along the existing dike on the'fight_bank of the main Agno River.

" Thus, it is reported that flood runoff of the Agno River was partly

overflowed into the Allied Rivers.

The bankful flow capacity at the said breaches/gaps is estimated at about
1,200 mgfsec based on the non-uniform flow calculation along subjective river
stretches. In this simulation, the flood discharge over 1,200 malsec is

assumed ‘to be overflowed into the Allied Rivers,
4,3.4' Calibration results

"5Ca1ibration_ cf model .pargmétets' is performed ‘through_-tfy and ‘error by
assuming that parameter K .of storage function for each sub-basin .is adjustable

for. best ‘combination and other remaining parameters of .sub-basins and river

‘channels are fixed as values initially set up..
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After final calibration, parameters K for sub-basins ‘are taken up by
meltiplying 1.6 times to initial K values set up by impirical formula mentioned

before.

‘Phe simulated flood runofff is compared with the observed ones at 4 water
level stations and the Binga and the Ambuklao dams as shown in Fig. 4.18., As
seen .in this figure, the applied: model well simulated the recorded flood
appropriately. Fig. 4.19 shows simulated water level and discharge hydrograph
at the Poponto swamp during typhoon Maring. The retarded volume in the swamp
is estimated at about 251 x 10°m3. The results of final calibration are

summarized in Table 4.5 and 4.6 for sub-basin and river channel respectively.
4.4 Design Rainfall

The available rainfall data is anélyzed for "design of the rainfall
duration, the probable basin mean rainfall’ at . base point and its ‘hourly
distribution. The results of this analysis are used to estimate the probable

flood runoff.
(1) Design rainfall duration

The ‘design rainfall duration is determined from the duration ‘of recorded
major storms. Fig. 4.20 shows accumulated rainfall curves at San Roque, Wawa,
Tibag and Sta. Barbara stations of AFFWS. Major storms recorded at the said
stations show that rainfall'duraﬁion is usually 4 days. The rainfall duration

for runoff calculation is therefore, decided to be 4 days.
(2} Probable basin mean rainfall

Annual basin mean rainfall with ‘duration of 1., 2}"5 and ' 4 days are
estimated at each base point by means bf Thiéssen polygon method and adjustment
for basin mean elevation as mentioned before. The daily‘réinfall'dafa at 16
stations is used for this estimation. Taking into account the data
availability of selected stations, three types of Thiessen pblygon~aré'1aid out
as shown in Fig. 4.%21, "Applied 'Thiessen’s ‘weight and'adjuétmentjfactor arg
tabulated in Tables 4.7 and 4.8 respectively. The annual maximum® basin mean
4-day rainfall at rivermouth :of the Agno River (BPLI}.vtheECayanga-Pétalan

River (BP-8) and the-Pantol—Sinoéalan River (BP-9) are thus estimated for the
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period from 1970-1986 as summarized in Tables 4.9 to 4.11 vespectively.

In case that rainfall data is not available as it is missing, the rainfall
data is extraporated based on the highest correlated relation among selected

stations.

The probable basin mean rainfall is computed from estimated annual maximum
basin mean rainfall by means of Pearson Type III method. The estimated .
probable rainfall at 9 base points for duration of 1, 2, 3 and 4 days are
summarized in Table 4.12. Frequency curves of annual maximum basin mean

rainfall at each base point is given in Fig. 4.22.
(3} Hourly rainfsll distribption

- 3-hour rainfalL records of 29 major storms at 5 stations of San Roque,
Carmeﬁ,'Wawa,,Tibag;and S5ta. Barbara are adopted to design the hourly rainfall

distribution.

The average 1-day accumulated curve is developed using the l-day maximum
rainfall which is derived from the recorded distribution with 4-day duration as

shown in Fig. 4.23.

The average daily distribution of the total r&infall amount with 4-day

duration is analyzed as follows:

Day : - Ratio (Z)
1st day 19
2nd ‘day 25
3rd day 32
4th day 24

Considering the above average ‘distribution, .the ‘degign  -rainfall

- distribution for 4-day duration is determined'as follows:

~ lst day s 'Uniform'distribution of R4-R3
‘2nd day : Uniform distribution of R2-R1
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3rd day : Distribution of Rl by average rainfall pattern
4th day : Uniform distribution of R3-R2

Where, R1 : probable 1-day basin mean rainfall -
R2 :  probable 2~day basin mean rainfall
R3 : probable 3-day basin mean rainfall

R4 : probable 4-day basin miean rainfall

Typical hourly distribution -of design rainfall “ is illustrated in Fig.
4,23, ' '

4.5 Evaluation of Probable Flood under Present River Condition

Before proceeding to the probable flood runoff estimation under the
alternative flood control schem93=to'be:discussed in "sucdceeding Sub-section,
the probable flood' runoff estimated from rainfall is compared and evaluated
with the one resulting'from recorded flood runoff through freguency analysis. =

.Flood record at ‘5an 'Rogque is sélected for this evaluation. ' This is
because San Roque is not so far affected by flooding whenever the existing dike
gystem was breachedfovertopped. '

(1) Probable flood runoff from recorded flood runoff ™
The probable flood at San Roque_is estimated by the Pearsdﬁ Type'III

method using the recorded annual maximum peak discharge as given in Table 4.1.

Fig. 4.24 shows the frequency curve at San Roque.
{2) Probhable flood'runoff'from rainfall

The probable flood runoff at San Roque is estimated from probable basin

mean rainfall at San Roque under the preseént river condition.

(3) Comparison and evaluation

The estimatéd probable flood peak runoff is summarized below.
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~ Probable Flood Runcff (m3ls)

from Flood Record from Rainfall

io00 6,440 6,260
50 5,000 5,060

25 3,900 3,960

10 2,570 2,720

1,810 1,710

2 990 830

1.05 370 320

Fig. 4.25 shows the comparlson_ results schematlcally The estimated

probable flood dlscharge calculated based on rainfall data and the one computed
from recorded £lood agree well with each other. This fact implies that the
approach for estimation of flood runoff based on rainfall is appropriate and

applicable to flood control planning.
4.6 Probable FldodrRunoff under River Improvement Condition
4.6.1 Condition for calculatioﬁ

The flood -runoff calculation is carried out wunder the following
conditions: | ' | .
(1) River channel : Confining dike system along the main Agno River
- _ and major tribﬁta;ies S
”'(2) ﬁam]reservoir ' Q Aé.fof the existing dams of Binga and Ambuklao
o - . there is‘no flood control spéce in the reservoir.
Therefore, the outflow is assumed to be egual to
the inflow. San Roque dam in which the detail
design has been completed and Balog-Balog dam
under construction are to. be incorporated{ The
reservoir dperation proposed. in their report is
applied.

_(3)_.Rgta;dipg area  ; Poponto swamp is not taken into account.

,.Téb1§314.13 and 4.14 show:pafameters of'sﬁofage function of river channel
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under confining dike condition. Estimated storage function of sub-basin of the

Allied Rivers is tabulated in Table 4.15.
4.6.2 Probable flood peak distribution

Based on the above conditions, the flood runoff calculation is made with
different return peridd of 1.05, 2, 5, 10, 25, 50 and 100 years. The estimated
flood peak distributions for the Agno River and the Allied Rivers basins are
summarized in Figs. 4.2.6 and 4.2.7 respectively. The probable flood
hydrographs at 9 base points having reccurrence Interval of 1b, 25, 50 and 100
years are shown in Fig. 4.28. The relationship between the basin area and the
specific runoff estimated for 100-year peak fiood is illustrated in Fig. 4.29.
The'ébecifid runoff 8t_1oéétions héVing'wﬁtershed of steep mountainous area
such as the upstream basin of the Agno River and the Ambaydan'River shows
‘bigger values compared with the one in othér mountainous area. This tendency

becornies more remarkable in the Allied Rivers.

Shown in Fig. 4,30 is comparison of the probable flood peak discharge

‘distribution under confining dike condition with and without San Roque dam.
4.7 Flood Water Level and Duration in Inundation Area
(1) Inundation map dﬁring typhoon Maring

Flood mark survey was carried: out by the Study Team to confirm the extent
of inundation area as well as water depth of the flood caused by the typhoon
Maring. Thus, the inundation map is  available for use in calibration of
proposed model.

(2) "Simulation by flood inundation model

The inundation analysis for typhoon Maring in 1984 are carried out by use

of the flood inundation model.

The simulation results is éompgred'with'thé actdal inundation afeé'and
maximum depth based on flood mark survey as shown in Fig. 4.31. The 'inundated
area and maximum ihuhdation'depth by the typhoon Maring isrsimulaiéd'fairly

well.
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(3) Probable inundation area

The inundation area and maximum inundated area in the Jlowland of the
Allied Rivers basin under the occurrence of the probable 100-year flood is
estimated. by the simulation model. Calculation result is illustrated in Fig.
4.3.2.

. For 'the above simulation, the flood inflow to be overflowed from the dike

of the Apno River is estimated based on the following hydrological condition:

- The river dike is to be breached when the flood water level rises to the
level corresponding to the 502 of free board.

- The flood runoff corresponding to the above water level is assumed to be
the breach-starting discharge.

-~ The flood runoff over the breaCh—sEarting discharge is assumed to be
flowed into the Allied Rivers basin.

'~ The breach-starting discharge is determined for each river stretch based

on the river cross section data as given below:

River stretch of the Agno River ~ . Breach-starting discharge
(m3/s)

San Roque - Confluence of the Ambayoan R. 1,200

conf. of the Ambayoan R. - Conf. of the Banila R. - . 5,470

Conf. of the Banila R. - Poponto floodway 3,130

Poponte floodway - Conf. of the Tarlac R. 1,230

Conf. of'the Tarlac R. - Conf., of the Clo R. 10,200

Conf. of the 0lo R. - Rivermouth : 6,890
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5. LOW FLOW STUDY

5.1 - General

The objective of the low flow study is to obtain runoff data at selected
locations for the Sediment Study in the Agno River basin on a daily basis for a
continuous period of more than 20 years. These daily runoff data is to be used

in the sediment balance study to assess the sediment transport capacity in ‘the

Agno River.

Taking into account the availabiliﬁy'bf diséharge and rainfall records,
the runoff characteristic at San Roque is initially examined by applying the
tank model method using the daily discharge and rainfall records for the period
of 1960-1971.. Then’ the missing part and unfeliabie .period -0of the daily
discharge record at San Roque  is supplemented'-with- the gensrated runoff
resulting from the applied simulation model for:the period of 1960-1986 taking

into account the data reliability.

Finally the daily runoff for the period of 1960-1986 at selected locations

is estimated based on the ratio of the basin area and the annual basin mean

rainfall thereof.
5.2 Availsble Data

Along'the main Agno River and the Tarlac River, nine water level gauging

stations exist as given below:

Station Recorded: Period

Apng River
(1) San Roque 1960 - 1971
(2) Carmen 1960 - 1971
(3) Poblacion 1960 - 1971
(4) Wawa . ' 1964 - 1972
(5) Banaga - 1965 - 1972
(6) Baay Vest 1965 - 1972
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Tarlac River

(7) Villa Aglipay 1962,1964 - 1972

{8) Palublub 1965 - 1972
(9) Sta. Lucia 1966,1968 -~ 1972

Among the above stations, San Roque is selected for the evaluation of

runoff record taking into account the following hydrological conditions:

(1) Runoff record of stations located in the main Agno River shows that
the runoff at San Roque is not affected by flood overflow into the
Allied -River basins through the existing breached portion of the
right bank dike system, while the one at stations located in the

downstream of San Rogue is influenced thereby.

{2} In the evaluation of runoff reécord, the rainfall data and the runoff
o data during the corfesponding . period is- necessary to examine the
:relationabetween_basin'mean:rainfall-amount_and runoff depth. The
-rainfall.data-at four stations which cover’ in ‘the upstream basin of
San Roque are available for comparison with the record at the

stations in the Tarlac River basin which are intermittent.

(3) Runoff record at San Roque is more or less affected by the operation
of the Binga and Ambuklao dams located in the upstream basin of the
Agno - River. ‘Low flow is expected to be supplementarily increased by
the outflow from the Binga dam. However, the influence is minimal
from the viewpoint of Sediment Study, hence it is not taken into
account in evaluation. The high flow is the main focus in this
evaluation as'it is not affected by the operation of both dame where

no~space.for flood control is provided.
553 Procedure: of Simulation. :
The basic proéedure of.simulation is explained below:
(L) -The'ténk model is firstly constructed at  San Roque: for the upstream

basin of the Agno River for 1960-1971 of available runoff record.

. The concept of the model isg described in the succeeding Section 5.4.
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(1)

(2)

(3}

(4)

(5)

The calibration of the model parameters is mainly carried out in

terms of the following aspects:
-~ monthly mean runoff ..
« -duration curve of daily runoff, and

- runoff coefficient

The best combination of model parameters is determined through try

and error method.

The daily runoff at San Roque is generated on daily basis by using

" the calibrated model for continuous. 27 years from 1960 to 1986,

In the preparation of natural daily runoff at San Roque, the

“simulated daily runoff is used instead of recorded runoff when they

are judged to be unreliable or not available due to data collection

“interruption. Thus, - the natural daily runoff at San Roque is
- supplemented by generated runoff for the period of 1960-1986. The

“estimated natural runcff is examined further by the double mass curve

method to check its reliability and consistency.

Finally, the daily runoff for the period of 1960-1986 at an arbitrary
location is estimated based on the ratio of the basin‘:arega and the

annual basin mean rainfall thereof.

Simulation Model

-Basic concept of tank model

Suppose . a tank having two holes, one at the bottom and the other at the

side as shown in Fig. 5.1. When the tank is £filled with water, the water will

be released from through two holes, In the low:flow analysis, the water

released through the side hole corresponds'to'the direct runoff to a stream and

the water from the bottom hole goes into the ground water zone.

relation:

The depth of water ‘released from a ‘hole is. given 'by'7the- following
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H
vhere, I Depth of water released (mm/day)
C : Hole coefficient '
H

: Water depth above hole (mn)
{2) Applied tank model

For the low flow simulation, four tanks vertically combined are usually
applied as shown in Fig. 5.1. Each tank represents each runoff mechanism in
the watershed. The top tank corresponds to the surface runoff, the second one
to the subsurface runoff and the third and fourth to base flow from the ground

water zone.

In a process of simulation, the simulating process, 'daily rainfall depth
is placed into the top tank and the depth of water released from a hole is
calculated by the above equation. ‘The water from the bottom hole is put into

the second tank and the same process is repeated to the fourth tank.

The depth of stream runoff is given as the. sum of the water released fEOm
the side-holes of four tanks. Loss due to evapotranspiration is expressed by
subtracting the depth of daily evapotranspiration from the storage of the top

tank.
5.5 GCalibration of Model
5.5.1 Input data
(1) Basin mean réinfall
The daily basin lhean rainfall in the upstream basin of San Roque is
estimated by means of weighted average of the four rainfell stations in its

watershed considering the basin mean elevation as described in previous Section

4.3, The Thiessen weight and adjustment factor of the selected four stations

areas follows:

'%HY;Z5-'-



Station Thiessen weight : Adjustment factor for -
basin mean ‘elevation

e mm mm m rm . = s S AN RA % AR fN e e e e Pm e CR A B8 R M I A4 T e T A me wn e e TR G G AR e T T e wm of MR A v bl A T TR A

Bugias 0.25 1.41
Ambuklao 0.28 1.36
Baguio 0.20 0.86
Bobok 0.27 | 1.8

s . . e Ty 2 R A3 B b i e ) W e e M et A e e et e vm MR W e o b e S om e R R R e e S SRS e

The estimated monthly basin mean rainfall at San Roque is summarized’ in

Table 5.1.
(Z)H Evaporation:.ratio

 The, monthly evaporation data by class A-pan is available  at "Ambuklao and
its average monthly mean evaporation for the period  of 1954-1966 :is given

below.

“(Unit:.imm/day}

_ Jan. Feb. Mar. Apr. May June Jul. Aug. Sept. Oct. Nov. Dec.

(3) Observed runoff at San Roque

Recorded monthly runoff at San Roque for the period from 1960 to 1971 is

summarizéd in Table 5.2.

5.5.2 . Calibration results

The simulation model developed at San Rogue is calibraﬁed by'eiamining‘the
following three aspects of the calculated runoff:
- duration carve
-~ ‘monthly mean tunoff

- runoff coefficient
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Calibration of runoff on 'daily basis is not wvalid because area
distribution of a rainfall is usually not uniform in the basin and the basin

mean rainfall does not coincide the peak in the observed runoff.
(1) Monthly mean runoff

Monthly mean runoff simulated by the model is compared with the observed
monthly mean runcff as shown in Fig. 4.2, The simulated runoff ig
setisfactorily -similar to the recorded . runoff for the period of 1960-1966,
while the occurrence -of flood do not coincide with observed one after. 1967

except in 1968.
(2) Duration curve

Tank parameters of the 31mulation model .is firstly adjusted so as to fit
the daily flow duratlon curve of .the simulated runoff to that of the runoff
observed in each year.. . Along this line, fitting of the curve is mainly made in
high,flowrdischarge-to satisfy the requirement of the Sediment Study. Flow
dufation curves of simulated runoff is prepared in comparison with that -of
observed runoff for each year for the period from 1960 to 1971 'as given in Fig.
5.3,

‘In calibration of duration curves, curves in 1967, 1970 and 1971 do not
show similar patterns to the observed ones, This . is. mainly because the
observed runoff data involves unreasonably high discharge in dry season. The

calibration disregards these years.
{3) Runoff coefficient

Table 5.3 shows runoff coefficients of observed and simulated runoff
together with errors of simulation. The average runoff coefficients for the
period of 1960-1971 are estimated to be 0.71 and 0.72 for observed and
simulated'réspeétively. The coefficient -for each.year varies from 0.60 to 0.88

which is within an acceptable range.

" In addition, the errors range frOm'OZ to 17%, which is considered to be

acceptable for this calibration.
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{(4) Tank parameters

Based on the above calibration, parameters of the applied tank model are

determined as shown in Fig. 5.1
5.6 Long-term Runoff at San Roque

Fig. 5.4 shows simulated daily runoff at San Roque  after the final
calibration. Thus, daily discharge record at San Roque is supplemented with

the generated runoff for the continuous 27 years from 1960 to 1986.

In this extrapolation by simulated runoff, the daily runoff for 1967-1986
is estimated by means of simulation model. The observed runoff for 1967-1971
is'judged to be unreliable due to unreasonably high discharge ﬁeriod in the dry
season. - The - estimated long-term runoff - at San Roque - is examined by
introduction of the double mass curve to check its reliability and consisteney
based on the relation batween runoff depth ‘and basin mean rainfall. As shown
in Fig. 5.5, the double mass curve shows reliable relation between runoff depth

and basin mean rainfall with a satisfactory consistency.

Accordingly, annual runoff at San Roque is estimated to be 95.3 m3[sec. on

an average in 1960-1985. Monthly mean runoff is summarized in Table 5.4.
5.7 Estimate of Runoff in Sub-basin:

In order to estimate the daily runoff at an arbitrary location from

estimated runoff at San Rogue, the following equation is applied:

Qg = C. Qs
C = AfAs . R/Rs

where, C : Conversion ratio
Q : Daily runoff at the objective sub-basin
Qs : Daily runoff at San Rogue

A : Catchment area of the objective sub-basin

As : Catchment area at San Roque
R : Annual basin mean rainfall of the objective ‘sub-basin
Rs : Annual basin mean rainfall at San Roque '
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"Flow duration curves of natural runoff for the period of 1960-1986 are

constructed at Wawa and rivermouth of the Agno River based on the daily natural

runoff at San Roque as shown in Fig. 5.6.

The dependable discharge for different percentage of time are derived from

the above flow duration curves. The estimated dependable discharge 1s

tabulated below:

San Rogue
Wawa

Rivermouth

{(Unit: msisec.)

e BA S8 e e W mA Tm e = e b ek e o LB MB R M e T e e e e e A

Percent of time (2)

90 80 50 20 10
15 18 41 161 233
42 51 115 452 654
56 67 152 597 864
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6, METHOHYDROLOGICAL OBSERVATIONS

6.1 Establishment of Observation Stations

Four automatic -raingauges and hine automatic water level gauges were

installed by DPWH as shown in Fig. 6.1. Their detailed locations are given in

Appendix.

These station were selected from the hydrological viewpoint taking into
account the existing meteohydrological observation network in the Agno River
and the Allied River basins. The observed metechydrological data thereby

tégether with the existing stations are to be used for the hydrological study

in the Feasibility Study stage.

The selected stations are given below.

Raingauges (4 sets)

(1y Camp 4 : Near the Aropong-Camp 4 in the. upper basin of the
Bued River '

-(2) Saytan : At the compound of Saytan Elem. School in  the
lower basin of the Bued River

(3} Sto. Domingo : Near the Tacnien town in upper basin of the Tuboy
River

{4) 1Iba : Near the Iba town in the lower basin of the Bulsa

River

Water level gauges (9 sekts)

Agno River (3 seté)
(1) Poponto Left Dike : Just upstream of the 6verflow gpillway in the
left side earth dike at the Poponto floodway,
‘Agno River - _ .
(2) Poponto'Right Dike: End of the right side'éafth'dike at.the Poponﬁo
' floodway, Agno River . _ B '
(3) Cojuangco Bridge : "Road bridge connecting the ~ towns 6f.Gamiling

and Moncado, Tarlac River
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Rivers (6 sets)

(4}

(3)

{(6)

(7

(8)

(2

Camp 1

Aloragat

Angalacan

Tagamusing :

Sinocalan

Ingalera .

Road bridge crossing Bued River

between  Baguio

-City and Brgy. Saytan, Tuba.

Road bridge at Aloragat River and connecting

towns of Manaoag and Barangay Nalsian

Road bridge at Anpgalacan River <connecting

Barangays Aloragat and Cabanbaran.

Road bridge at Tagamusing River connecting the

tocons of Binalonan and San Manuel

Road bridge at Sinocalan River connecting the
town of Mapandan and Brgy. Pinmaludpud, Urdaneta
River

Road bridge crossing Ingalera at Brgy.

Nansangaan, Malasigui.

Installation of automatic gauges st the above  stations was completed as

given below:

Station

Date of Completion Elevation!Zero

of Gauge (EL.m)

Rainfall
(1) Camp 4

“{2). Saytan:
(3) Sto. Domingo
(4) 1Iba

Water level

(1)

(2)
(3)
(4)
(5)
(6)
(7)

(8),
(9)

Poponto Left. Dike

Popénto Right'Dike

Cojuangco Bridge
Camp 1
Alotagat-
‘Angalacan

- Tagamusing
_Sinocalan

ingalera

Aug. 21, 1989 about 700
‘Aug. 21 -~ about 190
Sept. 3 about 90
Sept. 3 ‘about 100
Sept. 28, 1989 18.325
Oct. 5 : S 12.669
"Nov. 23 14.500
Dec. & 1178.600
Oct. 23 11.400
oct. 17 10.300
Oct. 25 31.800
Oct. 20 9.200
Dec. 15 2.700
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6.2 Observations

The following observation works ‘were carried out by DPWH under the

supervision of the hydrological monitoring expert.
(1) Rainfall
Hourly observation by the automatic rain gauge.
(2) Water level
. 'Hourly reading of the staff gauge installed at gauging station
during flood before completion of the installation of automatic water
level gauges. : '
{3) - Discharge measurément
Discharge measurement to construct discharge rating curves at
respective stations. Measurement by float is applied during flood,
" while current meter during low flow.
{4) Sediment load
Sediment sampling at 10 sites and their laboratory test
(5) Water quality
Electric conductivity test is scheduled to be conducted in
coming dry season in 1990 to assess the sea water intrusion into the
Agno, the Cayanga-Patalan and Pantol-Sinccalan Rivers:
6.3 Observation Record

{1) Normal observation

Hourly observation by automatic rainfall and wdter'leVEl'gadges was called

out after completion of their installation.
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(2) Observation during typhoon Openg

In the period of September 10 to 14, 1989, the typhoon Openg attacked the
Agno River basin. Hydrological observation records observed during the typhoon

are summarized below:

Rainfall
- Hourly rainfall were observed at four new stations.
- 3-hourly rainfall were observed at five stations of the Agno river
FFWS.
Water Level
- Hourly water level were observed by staff gauge reading at four new

stations, at Cojuangco Bridge, Ingalera, Sinocalan and Tagamusing.

The observation records of ‘hourly rainfall and water level are compiled in
Fig. 6.2 and Fig. 6.3 respectively. The water level hydrograph observation
was started almost at the time of flood peak because the typhoon hit the area
during the weekend and, therefore, dispatch of bbservation érew was somehow

delayed.

The basin mean 4-day rainfall is estimated at 431 mm. The rainfall
isohyetal map shown in Fig. 6.4 indicates that a very heavy rainfall was
experienced at Bued river basins. The basin mean rainfall iﬁ Allied River
basin is estimated at 506 mm which corresponds to the 3-year probable rainfall. .
On the other hand, the basin mean rainfall in the Agno River basin is
calculated at 253 mm, which is less than the probable rainfall with a 2-year

return period.
(3) Flood inundation due to typhoon Openg

Field investigation on flood conditions was carried out in two days,
September 10 to 11 1989. In addition, aerial survey by helicopter was alsc
condiicted on September 13, 1989. The flood inundation area widely spread to
:thé ﬁoﬁnstreﬁm of ' Sinotalan fiver, especially at Dagupan City, Calasiao and
Santa Barbara. Two bridgeé were broken at Manadag along Aloragat river due to

the flood.
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Oct.

26.17

Table 4.1 RECORDED ANNUAL MAXIMUM DISCHARGE
Station SAN ROQUE
Year {ccurrence Gauge Height  Discharge
Date () {ni/ssc)
1950 fug, B §:00 4H 5.06 © 1,040
1951 Jul, 31 6:00 AN 4,28 Y
1952 et 28 6:00 At 3,95 4n
1933 fug. 21 0:00. PH 5.10 1,03
1954 Hov. B 0:00 PH 5.80 1,404
1955 Sep. 24 &:00 AH 3.49 583
195 Sep. 25 £:00 AN 3.8 4
1960 g, 26 6:00 PH 5.60 1,093
1961 Jul, 14 6:00.PH §.99 158
1962 Jul. 22 - . 500
1943 Sep, 12 6:00 AN 6.44 1,214
1964 ftug. 7 0:00 o4 6.%96 2,046
1965 Jul. 15 7:00 AK 6.20 80
1966 Hay 20 5:00 PM 7.99 3,694
1967 pct. 18 - - 1,182
1968 Sep. 29 . G:00 PH B.40 4,350
1969 Juk, 29 6:00 AR 1.03 2,158
1970 Oct. 15 1:00 AK 5.90 550
1911 fwg. 14 - 6.9% - B&2
Statien CARMEN
Year Occurrence Gauge Height Discharge’
Date . {m) {n3/sec)
+ 1950 fug. B 6:00 A 25,53 1,120
1951 Jul, 31 - 0:00 PH 25.60 1,180
1952 fvg, 17 0:00 PH - 24.30 125
1953 Jun. 0;00 M 25.20 3,400
1954 fioy. 9 “0:00 PH 25,48 3,075
1955  Sep. 24 6:00 A% 25.61 5200
1956  Sep. 2 5:00 PH 24,32 £,283
1960 fug. 23 g:00 PH 26.38 2,476
1961 Jul. 14 10:00 PX 24.88 1,326
1962 Jul. 23 £:00 AY 25,75 1,950
1953 Sep. 12 1030 AR 25,97 L
1964 fiug, £ 3:00 PH 26,43 2,527
1965 Jul. M 7:00 AN 26.66 2,743
1966 Kav 20 16:00 Pk 26,60 2,404
1947 “Oct. 17 100 SH © 21160 3,853
1968  Sep. 29 5:00 P 26,68 2,764
1969 - 1 B 7:00 PH - 25:83 1,658
1970 “Sep. 12 BRI 2518 1,545
191 I - ’ 2,307

Source : Philippine Water Data - Surface Water Records, NHRC
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‘Table 4.2 MAJOR FLOOD RECORDS OBSERVED BY AFFWS

(1) Rainfall (duration: 4-day)

. W E R g W T R mm O TS e S Dw W M mE e A S LD O MR R e ke fel W me me = A SEb yw v me A om e = e mm e MO e b e e

San Carmen Wawa Tibag Sta.
Roque Barbara
Maring 475 2177 © 250 105 334
Kuring - - 336 331 207 397
Daring 279 181 338 330 367
Gading o= 401 345 241 548
Miding 457 S 202 187 165 360

e g e S e A O ke A8 Al e e e h m ryr e e e B TR TR e M M R W e M M M W D TED M M v AN M R W e e Al e

Py POON  ~ - s e e e e e e
San Carmen Wawa Tibag Sta.

Rogque Barbara

Maring 2,816 2,220 3,061 610 265

Kuring - - 1,365 730 265
Daring. - - 2,423 1,181 260
Gading .’ - - 2,363 - -
Miding - - 2,705 - 262

i B e B e wm  bap e At e e e R S e o e R v e e Am TP Tem b T mmy v = W TR PR T v v T e A R T e e ——
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Table 4.3 DISCHARGE RECORD OF TYPHOON MARING IN 1984

San Sta.

Date Time Roque Carmen Hawa Tibag Barbara

Aug. 28, 1984 2:00 493 252 605 137 166
5:00 349 243 590 137 162

8100 203 292 582 37 162

11:00 261 261 586 137 159

14:00 294 282 597 137 157

17:00 373 282 616 137 166

20:00 863 292 632 137 192

23:00 1365 410 651 137 226

Aug. 29 2:90 1923 %13 - 691 - 147 257
5:00 2392 513 1523 308 264

8:00 2581 513 1697 440 265

11:00 27137 2220 2037 519 265

14:00 2776 L2181 - 2186 440 265

17:00 2816 2142 2288 398 265

20:00 2710 2142 2378 137 5

23:00 2355 - 1932 © 2593 443 265

Aug. 30 2:00 ig70 .. 1932 . 2665 471 2653
5:00 | 1870 © 1932 2753 474 T 265

8100 1992 1266 | 2810 542 . 265

11:00 2071 - 1214 « 2851 Bl0 . 265

14:00 1969 - 1227 2893 566 265

17:00 2122 1227 2926 555 264

20:00 1992 - 1227 ¢ 2934 555 . 264

. . 23:00 1316 1227. . 3019 . 509 264
Rug:. 31 2:00 1567 11227 3053 " 496 264
5:00 1474 1227 3040 463 © 263

8:00 ©1383 1227 3027 431 h3

11:00 1026 1227 . 3081 363 262

14:00 923 1227 ° 2976 .. 346 * 262

©17:00 871 1227 2737 315 . 260

20:00 1050 1273 2689 301 L

) 23:00 10902 1112 2641 © 280 260

Sep. I coo 2000 0 . i 947 1227 2617 255 2%
- 5:00 . 931 1227 2586 240 . 257
8:00 . 923 1227 2523 226 Ce2uS

v ) 11:00 © - 636 --..:1227 2465 215 252

14:00 580 1227 2423 197 247

17:0Q0 - 611 1227 2363 184 241

20:00 ) 592 1227 2303 180 R

. 23:00 476 1227 2230 163 - 226

‘Sep. 2 2:00 533 1227 2179 159 L
5:00 465 1227 ‘2129 157 209

B:00 449 1227 2065 147 - ., 201

11:00 449 1227 - 2009 137 195

-14:00 ’ 438 513 1954 137 139

17:00 418 513 1800 137 s182

20:00 3g2 - ‘513 . .. 1866 137 . 177

: 23:00 574 513 1813 137 172
Sep. 3 2:00 498 513 1768 137 168
5:00 433 513 1723 137 165

g:00 407 513 1697 137 CLs0

11:00 339. 513 1659 137 154

14:00 2312 ‘513 . 1560 137 LAg

17:00 308 513 1523 137 143

20:00 290 513 1434 137 133

23:00 325 513 1365 137 133

Sen, 4 2:00 358 513 1303 137 13
5:00 282 ‘513 1259 137 124

§:00 449 513 1221 137 10

11:00 387 513 1194 137 116

14:00 444 513 1183 137 1ED
17:00 460 - 513 1189 137 109

20:00 290 513 1173 137 1056

23:00 237 513 1141 137 102

Sep. 5 2:00 196 513 1090 137 99
5:00 156 513 1009 137 97

8:00 156 513 932 137 6
11:00 156 513 854 137 95

14:00 363 513 805 137 4

17:00 498 513 175 137 93

20:00 286 513 753 ; 91
23:00 261 513 :2%:} 137 b



Table 4.4 “BASTN MM\N RATNFALL AT TYPHOON MARTING

Adjust- Thiesen Weight at Base Point

Rainfall Station diust-

(4-day - Rainfall) Factor SanRoque Carmen Wawa Tibag Rivermouth

1. Baguio 0.73  0.18 0.09  0.05 : 0.04
(826mm) :

2. Ambuklao 145  0.70 0.42  0.24 -~ 0.18
(538 mm) ' IR

3. SanFogque  1.52 0.2 0.12  0.07 - 0.05

' {475 mm) = _

4. SanNicolas = 1.49 0.23  0.13 -+ 0.09

© (381 mm) k :

5. Binalonan . 1.06 - 0.01  0.01 - o.01

. (254 mm) o g

6. Balungao® 1.08 . ez 042 - 0.09

"~ (283 -mm) . P S :

7. Camen = 1.00 e 0.01  0.03 - 0.02

(@79 mm) L : .

8. Wawa 1.00 . .- 0.06 - .. 0.06

9. Tibag 1.19 - - - 0.20 0.59 0.15

{105 mm) ' o

10. Mayantoe. ~ . 1.28 ; . 0.09  0.41 0.17
(179 ‘mm) - - |

11. Mangatarem  1.37 - - - - 0.10
(273 mm) | |

12. Matalava 116 - oL - 0.04
{334 - mm) ' .
Basin Mean o _ |
4-clay ‘Rainfall - 629 . "~ 85758 413 168 385
(mm) . :

—'HY..38-



Table 4.5 STORAGE FUNCTION OF SUB-BASIN QF AGNO RIVER

Coeff. of Storage

Sub-basin - Catchment River River Function Lag~time
No. Area Length Gradient  co-eeeccmceomeneee
{Km2) {Km) K P {hr}
A0l 514 58.5 1/ 40 62.9 0.666 5.0
AD2 103 22.5 1 /10 95.3 0.481 2.0
AD3 243 27.5 i1/ 20 TT.4 0.566 2.0
“AG4 19 16.5 1/ 20 77.4 0.566 1.0
ADS 199 14.0 1/ 10 95.3 0.481 1.0
A0S . B 16.5 1 /20 7.4 0.566 1.0
AQ7 10 1.1 1 7 1480 21.3 0.990 0.0
- AQB 151 25.5 1/ 20 77.6 0.565 2.0
AOD 119 11.0 1/ 10 95.3 0.481 1.0
Al0 40 7.0 1./710 95.3 0.481 © 1.0
All 53 - 14.0 1 /10 95.1 0.482 1.0
AlZ 7 1.6 1 /1510 21.2 0.990 0.0
Al3 50 17.0 1720 77.4 0.566 1.0
Al4 47 12.5 1/ 240 36.7 0,990 2.0
- AlS 11 - 8.0 1 /190 39.4 0.961 1.0
AlS 39 14.0 1/10 96.4 0.477 1.0
ISV 26 8.0 1 /10 . 9B8.3 0.481 1.0
AlB 70 18.0 1/ 10 95.3 0.481 " 1.0
Al9 4 0.5 1/ 1630 20.7 0.990 0.0
A20 b4 2.2 1 / 1380 S 21.7 0.990 0.0
A21 119 23.0 1/ gz4c " 36.7 0.990 3.0
A22 73 23.0 1 /20 . 77.8 0.564 2.0
A23 4 0.8 1/ 1470 C21.3 0.9%0 0.0
AZ24 93 27.5 1720 77.4 0.566 2.0
AZ5 94 17.0 -1/ 180 40.0 0.94% 2.0
A26 3t 17.0 1/ 850 25.1 0.930 2.0
. A27 14 3.5 1/ %0 49.3 0.806 ¢.0
A28 20 1.1 1 / 1450 21.4 {.990 0.0
A29 © 24 2.2 1/ 1660 20.6 0.980 0.0
A30 119 23.5 1/ 20 ' 77.4 0.566 2.0
A3l ‘39 17.0 1/ 20 77.4 0.566 1.0
A32 120 13.5 1/30 68.5 0.623 1.0
A33 _25 4.0 I/ 100 S 47.8 0.826 0.0
A4 - 283 37.5 1/ 190 39.4 0,961 3.0
A35 254 23.5 ‘1 / 60 - 55.7 0.733 2.0
A6 21 3.5 1/ 90 49.3 0.806 0.0
A37 155 22.0 1/ 150 42,3 0.9509 2.0
A38 102 13.5 1/ 270 .~ 35.5 0,990 2.0
A39 778 32.7 r /1220 22.6 0.990- 4.0
A40 221 27.0 1/ 20 77.2 0.567 2.0
Adl 20 5.5 1/°10 © . 85.3 0.481 0.0
Ad2 42 11.5 1 /70 ~53.2 0.760 1.0
A43 26 8.5 1/ 430 30.8 0.950 1.0
Ad4 190 31.5 1/ 60 - 55.7 0.733 3.0
Adb 105 29.0 1/ 30 - BB.B 4.623 2.0
Adb 44 8.5 1/ 850 25.1 :0.990 - 1.0
Ad7 - 51 2.2 1/ 1340 21.9 0.980 0.0
A48 157 25.5 1/ 20 “77.4  0.566 2,0 -
A49 130 25.5 1/ 20 77.9 0.564 2.0
A50 10 1.5 1:/-1410 21.6 1 0:.9%0 0.0
AB1 78 15.0 i/ 30 “BB.H 0.623 1.0
Ab2 64 15.0 1/ 20 77.4 0.566 1.0
AB3 8 1.1 1 /. 1590 20.8 0,990 0.0
AS4 b4 11.0 1/ 20 774 §.566 1.0
ASS - 42 3.5 1/ 1660 - 20.6 0.990 0.0
A56 122 20.5 1/30 - 68.5 - 0.623 - 2.0
AT 74 B.5 1 /10 95.3 0.481 1.0
ADB 80 - 6.0 1/ 1330 22.0 .0.990 1.0

~H7.39-



Table 4.6 STORAGE FUNCTTON OF RTVER® CHANNEL UNDER PRESENT RIVER
CONDTTION OF AGNO RIVER

AN EN e NN AR LR AR AR AL A AAL SN RARrHMGANSENGEAREARSALE 2 AL ANAGAReENRRTAR- AR ARG d e CRmEORRRRECNAANS ALl AR A G

Chan- River River Storage Function Lag Chan- River River Storage Punction Lag
nel Length Slope ----e--v-eeemssocmmmmeranos Tine nel “Length Slope -------mcoocosomomominianns Tiee
§o. (k) S P (kr) I, (ke} 4 P {kr)
1150 1) 70 19264 0.65% L0 19 115 1/ 350 29519 0.669 9 < 350 30
2.0 1f 150 59433 0,608 2.0 3197 l.040 0> 350
3 2.5 1/ 10 84650 0.6 2.0 0 108 1/ 180 38MT  0.6620 ¢ 750 2.0
¢ 12,0 1/ 190 62208 (.61 1.0 4000 1.000 g > 750
§ 0.5 1f 400 25920  0.611 1.9 i 9.5 1/ 230 M1 . 0.661 ¢ < 4D0 1.0
§  13.0 1) 0 13006  0.829 9 < 1800 3.0 766 1026 ¢ > 400
: {9844 0.645 > 1800 2 18.0 1/ 8%0 308903  0.596 40
1 5.5 1) 90 - 670 0.761 Q < 5500 0.0 23 165 1/i350 - 312500  0.602 2.0
19798 0.845 9 > 5500 U 5.0 1/ 80 10934  0.646 0 < 550 0.9
8 42 1 M0 sy 0753 Q <3506 0.0 1200 1000 9 > 550
- 19107 0.641 0 > 3500 25 1.0 1130 29877 0.667 @ < 400 1.0
L 8.0 1/ 200 16384  0.796 ¢ < 1000 L.t 2% L0220 400
3396 0.653 0> 1000 L0 % 215 1/13% 95132 - 0.650 § < 200 3.0
19 7.2 1/ 180 14236 0.748 @ < 800 1e 17486 0.968 ¢ > 200
o 39063 0.602 ¢ > 800 0.0 1/1650 152258 0,597 0 < 3500 5.0
11 7.0 1/ 350 11525 0.854 9 < M0 Lo 246 1,388 3500 < @
: 29515 0.669 0> 149 ‘ ¢ 8400
12 0.8 1 s 6833 1.048 ' 3.0 50516 .0.801 0> 840
13 $.0 1/ 600 24927 - 0.661 0 ¢ 150 1.0 % 10.2 1f 600 22606  0.681 Q < 200 1.0
: 6391 0,931 ¢ > 150 _ 3582 1.036 0> 200
i 5.5 1/ 800 18434 - 0.637 9 < 300 1.0 25 6.2 1/ 700 14400  0.699 1.0
' 17 L0360 > 300 S3 M40 /23200 242532 0.581 9 ¢ 3400 2.0
15 10,5 1/ 800 36868  9.637 @ < 300 1.0 ' 33 L.67B M0 < .
16 15,0 -1f1650 133714 0.954 @ < 2300 2.0 _ ' < 8200
N 106718 0.685 ¢ > 2300 : 141615 0.752 ¢ > 8200
17 18,5 11630 0 23662 0954 Q <2300 . 2.0 31 19.2 1/7000 334925 - 0,581 Q ¢ 3400 3.0
: ; 188810 - - 0.685 0 > 2300 : 85 1.676 3400 < ¢
18 15,3 1f 130 29519 - 0.669 ¢ 550 e < 8200
S B9 0.923 0> 550 _ 195563 0.752 > 8200

----------------------------------------------------------------------------------------------------------------------
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Table 4.9 (1/2) ANNUAL MAXIMUM BASIN MEAN 4-~DAY RAINFALL
AT RIVERMOUTH OF AGNO RIVER (BP-1)

(it s mm)
Ocarrrence . Rimfall Gavging Station Basin
Year  [ate - : _ . Pean
.1 2 3 4 5§ 6 7 8 9 1 1n 12 13 14 1 16 '
9% a1l 7.6 Rb 60 137 - L7 197 233 20 - 108 - 187 - - 4D 0.2
am 12 754 22 200 W2 - 460 4.9 5.0 03 - HZ - B3 - - 00 4.7
Cam. 13 253 717 201072 - 703 %1 07 B2 - K8 - @8 - - 00 €0.8
An. 18 7.8 BS 2.0 BT - 5 4.3 483 HE - Bl - 2F - - 00 3.1
E (177.8)
1971 Qct. 9 307 4.0 FA.8 @0 . 4501068 0.6 RS - 462 - HO - - 00 6.0
Oct. 10 5511084 20,1132 - 7.7 448 550 487 - RO - 487:- - 0.0 2.9
Get: 11 533 404 157 4.6 - L3NLL 918 955 - - 73 - %4 - - 0.0 54,0
Gct. 12 610 3.0 365 5.6 - 50181 52104 - W7 - Bl - - 00 0.1
: ' . - {251.1}
¥R AL 041002 SH8236 - ABEINILAEING - 153 - M5 - - B3 176.0
At 18 607 RABSIWBY - WEWSMIEULL - WL - W2 - - RS 100,4
Cal. 18 457 75.0187.0 470 - IVO0IMZ 10 907 - 1188 - 188. - 121 123.6
AL 0.0 0.0 783 505 - 14451020 06 8.2 - 703 - U986 - - 1026 12,2
_ . . o {81.1)
93 Dt 13 99 61 0.8 424 - 21 39 132 368 - 7 - 152 .- - 191 5.5
ot 18  28IN8 29 1.3 - 36 00 02 00 - 00 - 00:- - 4L 8.2
Gct. 35 3.1 7.1 40.910.8 -- £33 765 6.0 3 - A0 - W24 .- - 467 4B
Det: 16 211 204 150418 - NS5 %7 76 B9 - 209 - BE - - - KD A
o : (186.0)°
197 A 18 0.3 739 304 M9 - B B2 A3 V7 - LI - 02 - - A2 8.9
Ag. 15 T0.8147 ROIGE - 1HKIIWIGIW64 - M5 - IHO - - 167 182.2
My, 16 6.7 401 22106 - 1W5IVEIMSIELL - M08 - FEE - - DA 4.3
TRg 17 102 Z1 2.0 709 - 1018 428 S.4 465 - RE& - MBS - - He ®.3
C _ _ ’ (58.6)
1975 fuge 10 6.0 165 762 1.5 - 1836 793 203 L0 - 260 -~ 77 - - 686 .7
A 11 765 104 798 B4 - 24 28 20 82 - 03 - 59 - - 53 2.0
Ag.12 9 70254 84 - 152 31 L8006 - 33 - 10 -7 - 18 6.7
Ag. 13 87 06157 165 - 2073 R6 0 - RI - A - - WS x4
P . _ (13.7)
1976 My 2 6.7 465 B.7 467 - 196167 00202 - 9.0 - 189 . - Bl 15.8
My B B.62501R9 H.6 - 681207 001067 - 161 - 1000 - - 1039 13,8
My 24 9L57.026.7 191 - L9106 00325 - 1760 - 9.8 - - T4l 5.7
By % 19017836751 313.0 - 653 00 00189 - w4 - 04 - - B0 1646
' . ’ ) o (655.9)
197 M. - - - B/ SB6 %2 20 0883 56 RS - - 79 41 00 a5
M2 - « - 29 59 MO107 %5 B3 %4 69 - - 66 7.6 483 13.1
HLB - - - 826 RIAGOUBT 622 M4 36 88 - - 198 2B 4.5 6.2
MW - - - 384 628 428 6.9 8.0 38 0.0 97 - - 295 39 85 B2
) {12.0)
198 mg. 2 B4 @7 N3 40 - 204 B3 13 84 - 23 - 498 - - 38 4.2
g, ®8.9 %8 $B.6764 - FR2ITGMS0INE - 81 - 468 - - 145 136.7
Ag. 24 120.8190.6 7.5 200.7 - 266 ©0.2N18.2 B3 - 064 - 4.0 - - 123 124
Mg, 25 12449776813 29.2 - 380130 1.0 86 - I35 - 46 - - RS 0.3
- {320.6}
Remarks ; 1: Buguias 2 Adacay 3 Syanmn 4z fobok
5: Tabsyo 6: Baic 7: San Kicolas ' 8: Riraloren
9: Bahngo 10 Alcala 11: San Higuel  12: Tibog

13: Surgut " M= Maentoc 15: Manmtarem  16: Matalava

~HY N 3-



Tab.le h.9 2/ 2.) ANNUAL MAXIMUM BASTN MEAN 4-DAY RATNFALL
AT RTVERMOUTH OF AGNO RTIVER (BP-1)

~HY 44—

{Unit :om)
Gearens Rimafall Gaging Station Bissin
Year Date Yem
2 3 4 § 6 7 8 % 1 1 2 13-4 15 16
W8 A, 13 - - 150 BD %1 A2 BL 5L 6L HE - 168 185 31 5.8
Ag. 1 - - 166 6252854131 50.3 49.0 %64 BB - 116.1 110.5 62.9 9.9
g, 15 - < @B 4.3 58 B3 89 T8RRI - 218.8 1%.6 150.3 2
fag. 16 ~ = 88 17 8.3 188 45 26 WL BL - 16L.1 140.1 1.1 8.8
' : (3.7}
1990 hov. 3 - - 29 00 20 00 00 147 00 00 - 0.6 0.0 00 4.0
Bw. & - - 1|AIWT WL DL 4T |9 455 8Be - Bs BI 00 0.7
hov. 5 - - A%5.6 70.Z $8.7 780.6 102.6 141.2 2.6141.2 - %7 1.0 %53 25.1
Wov, 6 - - M4 46 95 00 0.0 122 15 06 - 0.0 0.0 .5 10.3
_ ) : (3.1
9 am 10 - < 482 < 84150 150 180 2.6 - 608 3.5 4.1 45.0 3.6
an, 1t - - ZBa - 27166 01 178 00 - 62 3.7 B0 53 /.5
Jn. 12 - - B7 - 150 Bb &5 /I NI - %63 B8 9.4 86 7.0
am. 13 - - B4 - 718 2.6 6.5 6.0 06 - &0 8.6 8.6 46.7 73,7
. ' (241.9)
B an ® - - 60 - 644 0D 41 B5 98 - B3 2.3 B4 41 M3
i 1 . -« 165 . 08 360 26 0.0 30 - 1104 423 4%.5100.6 40,9
i, 2 + = 609 - 184 3.6 114 25 ®5 - 18.0 9.3 8.4 1%.7 R
dul. 3 - - B9 - Lb0 132 167 0.0 G - 132 8.9 8.5 1303 .0
. . ‘ {197.2)
o1\ A 12 e - @2 - M4 402 826 181 196 - 423 43.7 48.0 3.4 0.8
Aug., 13 s - M5 - 30 208 W4 RSB FT - B8 3.6 M1 4.3 50.6
Ag. 14 - - ii42 - 288 2.8 WBIBE BS - 1140 10,9 123.2 105.9 0.8
Mg, 15 - - BT - BSR4 608 89 27 - 34 R4 N9 Bl 7.0
. (2.2)
19 Ag. 7 - - 44 - %3 N2 ML1RD 36 - BLI 5.2 514 .6 4.8
. B -« N4 - MWMWAWHIBIUAE WO - 1BS 125.3 11B.4 179 1.4
g, B - - 1387 - 767 6.0 767 &.7 IO - 1045 43,0 7.2 K5 %5.2
Ry B - - 87 - 139 N2 731 WZ M5 - 76 45.0 495 5.9 61.5
_ o {29.9)
1% Jam. 20 - - R2 - @24 W7 03 %I WL - K0 3.5 W6 .7 4.4
an. 2 - - A4 - 2891198681016 9.6 - 590 8.7 @1 837 116.2
A, 2 -~ - 1458 - 361191 10621011 889 - 567 6.2 9.3 42.0 128.6
am, 3 - - B4 - 1521085 6.2 B2 46 - 68 05.0 9.0 48,8 103.2
' L P (330.9)
6 . 8 - - 122 - BA016.7 1684 136 1213 - 1660 030 1.7 168.7 28.3
Xl 8 - - Z8B - 501379 WML - 172 0.7 79.512.9 164.3
Jub. 10 - - 85 - 701162 09 ¥.1 KNS - %7 0.6 8.9 B5.1 100.7
b - - &7 - 30197 00 214 W5 - 0.0 8.7 10.0 0.0 1.3
' - {481.5)
Remerks ; 1: Buuias  2: Adway 3: Swyanmn 4: Book -
5 Tayo b3 Baguio 7: San Micolas  8: Bimaloman
9 falungeo W Alcala 10t San Higel | 12: Tibeg
- 13 Suui 14: Mavamne 15 tanatarew - 16: Matalava



Table 4,10 (1/2). ANNUAL MAXIMUM BASIN MEAN h-DAY RAINFALL
AT RIVERMOUTH OF CAYANGA-PATALAR RIVER (BP-8).

{Unittmm )}

feaxrence . Rimfall Gauging Statfon Basin
Yesyr fate : - tean
1. 2 3 4 5 6 7 8

We o de. il W7 %633 - BAUI - - Ab

dn. 12 . 46.0121.0 B.0 - BS5 5N - - 63.4
an. 13 03163 0.7 - 462 V5 - - %.9
Jm. 14 25185 88 - B9 B3I - - 8.7
. o o (#3.7)
71 .17 @0 Ml B4 - #8881 - - 413
Ji. 18 FII2 6LE - WD A5 - - 5.9
Cal19 IHS ] 40 - 1504 701 - - 149.3
Jl. 20 X\7 09 127 - 6Ll B0 - - w87
- . _ o 1362.3)
17 Ml MNGUEITS - TOLMLE . - 286.3
ul. 18 MWG2[B1MAE - WE5108 - - 216.7
M. 19 1390 24571349 .-, A.B16E - - 161.2
Jio 20 1461478 706 - ZD21Wa - - 1T
_ e (18.,9)
1973 Oct. 6 0 2.8 %4 24 - B2 B2 - - . a8
Get, 7307 BRI - 1HI WS -, - - 163
Oct. 8 1264 1086 M7 - 108 7.5 -, - 87
oet. 9 25 41 L7 - @4 L2 - . 121
_ . R : (245.9)
197  Amg. 14 B4 493 03 - 027 85 - - .8
A 15 D367 041051 -~ 86715 - - 33
av. 16 BSTAYINE - TS0 - - 230.0
Ag. 17 10L8LLE B - 151184 - . - @9

195 Ag. 10 1636169 503 - 133 &1 - -, 9.4
A1l 394 49 20 - BT W1 - - 15,5
A 12 152 4418 - 93 64 - - 6.6
Mg, 13 4201204 26 - B/I RI - - © 538
o _ , ) ' {173.3)
1995 dm 78 WO 62 M8 o WA WL - - . KBS
Jn. 2 W78 R0 - 68 BY - - 19.8
de 30 WEAMRLIWD - 1RI M4 - - 8.3
al. 1 769 7.3 B8 - BS M5 < - 4.7
S ; (29.3)
197 S 15 3WA1W6 7T - 0O RT - - 149.5
Sp. 16 162107 22 - 08 87 - - 5.8
S%p. 17 613 22 120 - €0 579 - - 28,1
Sep, 18 1150 40.6 167 - &9 BY - - 8B4
_ . : . Vo . {325.8)
1978 Ag. 2l 4221033 425 - 289 4.6 - - 4.6
A2 24 32 13 - 33 28 - - 125
Ag. 23 SR 57180 - WRSWET - - 2%.8

Asy. 21 285622181192 - WBE1S85 - - ;3 S

. C(58.0)

Remarks : 1: Baguio 2 Gnfopm  3:Sielomn . 4 Alcala
6: Sta.Barbera  G: Dagupan s Yataiava 81 rangtares

-HY 45—



Table 4,10 (27/2) AWNUAL MAXTHOM DBASTN MEAN 4-DAY RAINFALL
AT RIVERMOUTH OF CAYANGA-PATALAR RIVER' (BP-8)

{ Unit zom )

Oocwverce  Rimfall Gauging Station Ssin
Yor - Date - _ Hean
1 2 3 4 5 6 7 8 :

199 A 13 %60 957 M4 - 4 LT - - 5.9

fg: 14 2854 169 503 o< 069 4.0 - - 1371

g, 15 BBU26 B9 - HBLZES - 130.5

Mg, 16 BL3I1OX3 425 - MEMLE - - 9.4

(417.8)

190 tou, 3 L0 00 00 - 00 BD - -° . D5

fov. 4 GLBI0L3 417 - 83 M2 - - 5.0

JHov., 50 6987 165126 - 163 108.0 - - 2744

v, 6 9.5 0.0 88 - B0 00 - - 5.4

: ' {355.4)

0 ml0 - 474 B5 150 L B0 46 - - LR

- o R7M66 50,1 - 90 B8 - . 6.2
dn. 12 2A0IRE 05 - 1735166 - - 101.6

ani13  73B0L2 B56 - 1581-FMI - - .4

S : (288.0)
T1om @, 3 644 100 41 - 4.3 B9 - - %
: b, LY 10L8U7:3 0.6 .. A9 9LO . e 7.9

dile 20 1644 27 1L - 1682 88 - - 734

Jil; 3. 160 406 167 - 1616 %B.E - - 5.4

B - {243.9)
183 Ag. 12U M4541204 26 - 9.0 0.6 - - 900
) ag.13 710397593 M4 - 70 B6 -. - 6.4

fogs 147 FB8 103 BWE -2 M0 - - 152.1

Agils  B6IRD M8 - w29 RO - - 8.7

(384.2)

W Ag. 6 BADNT RO - 129 496 - - 5.4

Mg, 27 B3 2.7 14 - 140 8D - - 2.0

fm, . WOZL1IWE - B2 - - 0.8

fg. 8 MBI BT - B3IWA - - s

. K ‘ (450.0)
J185 am 20 424 07 03 - B RS - - RN
' S, @ H9.9386.7 268 - 189182 . - 2.2
am, 2 4.6 2020 106.2 -~ 183 &3 - - 177.9

Jo. 3 122120 602 - 1833 820 - - 106.8

' o - (551.5)

S19% 0 a0, B BLOIMIING - 1933368 - - 206.7
- Jb.§ CES0IMZ W - WIIBS - 0.9

Ll 10 1070 508 09 - 1839 64 - - 5.4

a1l 30 60 0O - 223 00 - - 3.3

. (477.2)

. Rmarks H S Bag.liq 2: Sanfoqe 3 Binalonan - 4: Alcala
: LH _Sta_.ﬂarbm_ 6 Dagrpwan - Irtatalave. 8: Hngatarem

~HY. 46~



Table 4.11  (1/2) ANNUAL MAXIMUM BASIN MEAN 4.DAY RATNFALL
AT RIVERMOUTH OF PANTOL~-SINOCALAN RIVER

( Unit : mm }

Ocourrenca Rimfall Gugirg Station 8asia

Year Bate ¥ran
1 2 3 4 &5 & 71 8

1970 Jm. 1 - 5.6 2.3 8.6 354 249 40 7.5 2.3
am, 12 - 11,0 2.0 5.2 85 HI 0.0 438 4.7

dno 13 - 1633 807 7171462 9.6 00 758 6.0

Am 14 - 1185 @8 86 BI 453 0.0 Al 20.6

: ' _ (229.5)
ot Oct. 8 - 1626 803 72.4 6.9 0.0 0.0 301 6.8
fet, 9 - 1168 05.6 47.0110.8 50.6 0.0 .6 68.1

get, 10 - 1285 S.0108.4 1467 465 0.0 W3 8.7

oct. 11 - . 180.0 918 40.4 8.4 2.5 0.0 438 62.2

. . (29.9)

W72 . ML 16 - 1081 .9 B3.615.3 3.2 480 NS5 2.4
Xl 17 - 3061725 100.2 IO 157.8 NI WEL 148.9

Q18 - 2881305 W.4 34.5 170.8 1R.S 1719 138.5

M. 19 - 24571349 75.9 2.8 15681321 124.7 123.8

- _ (578.7)
9% 6t 5 - - 0,0 0.0 3|1 BS 00 08 91 8BS
Oct. § - 544 24 6.1 5.2 %2 150 174 *.1

Oct. 7 - 296 122 6.61%.3 9.9 482 N2 4.4

Oct, 8 - 1085 4.7 07108 ¥.5 FI9 56 8.7

: (178.6)
174 Mg 4 - 493 2.3 BILZI XS5 B2 K7 4L
AR, 15 - 0.4 105.1 124.7 236.7 194.5 186.7 127.5 130

Mg, 16 - RTB.9189,5 40.1 TS5 260.0 244 28,5 8.7
fg. 17 - 1216 S.4 21 1561 1084 2878 8Lg 8.5

. (526.9)
95 Ag. 12 - 44 18 71 93 64 18 46 4.6
: Ag. 13 - 1204 .6 406 B3 23 A9 40 460
A, 14 - 486 0.0 3.6 2.3 8.9 8.0 457 %.0

A 15 - 19 49 17.9 6.6 2.4 9.8 N5 150

. _ (131.3)

6 My 2 - 00 00 4651905 8.6 31 B3 g
fay @ - 0.0 G02E029.9 2.0 108.917.8 8,2

My 2 - 0.0 0.0 37.028.9 26.5 24.1136.7 126.6

My 5 < 00 9.0178,3 35L.6 38,0 150.1 193.1 8.7

- (4%.1)

7 Se.15 - 186 77 R1 00 BT R0 00 6.5
Sep. 16 - 1607 2.2 2.1 0.0 80.7 £6.8 0.0 - BL4
.17 - 22 120 ¥.0° 00 5.9 58 00 7.3

Sp. 18 - 406 I6.7 .2 839 3.9 28.2 4LS 3.6

. (19.3)

1998 Mg, 2 - 3.3 425 3.7 B9 426 42 183 40.0
Ag. 2 - - 32 1.3 8.7 313 28 3.8 155 2.1

Ag. 73 - 2667 148.0 9.8 142.5169.7 145 73.7 6.2

AL 28 - 2081192 1506 180.6 1595 120.3100.6 1179

' . {34}

famarks ; 1: Baguio 2: San Roge 3: Bimloen  4: Aleala

§: Sta.dabara 6 Daggan 7: Matalova §: Manatarem
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Table 4.11 (2/2) ANNUAL MAXTMUM BASIN MEAN 4.-DAY RAINFALL
AT RIVERMOUTH OF PANTOL~-SINOCALAN RIVER

{ it :m )

Ocaurrence Rimafall Gawging Station Basin

12 3 4 5 6 71 8

19799 Ag. 13 - %57 14 B8 FA4 LT 31 185 4.3
b, 14 - 162 50.3 8.9 206.9 47.0 R.910.5 79.8
ky. 15 - 1725 8.9 3.7 %6L.2182.5160.3198.6 | 126
bl 16 - 103.3 425 20.2 274.5 141.4 102.1 149.] 0.4
: (418.0)
1980 k18 - 143 59 2.0 230 54 203 N4 S22
RN T 35 - 1643 8§14 0.0 164 35 1.9 81 “.8
&1L 20 - 1871 %4 85.1 436 B5.0 465 216 . 76.6
AL A - 1200 R3 84 8.0N%.7 161 0.7 8.2
(221.9)
198 Q. 10 - %5 150 EL2 A0 43.6 45.0 20.1 B8
am 11 - 166 5.1 500 97.0 E2.8 453 8.0 . 50
din. 2 - 124 60.5 5.4 173.5 126,56 8.6 614 7.6
an 13 - 1402 656 8621581 $.9 457 &6 -8
) _ . . (36.0)
V82 Jan. ¥ - 100 41 0.0 47.3 A9 A1 B4 1.0
Q.1 - 173 556 3.5 93.9 0101016 46.5 6.3
Xl 2 - 77114 5.7163.2 83.81%.7 85.4 6.7
Ml 3 - 406 167 55.916L6 %.81%.3 8.6 48.2
o (47,2}
198 Ag. 12 - 1204 2.6 9.5 9.0 70.6 U4 80 1.2
Ax: 13 - B3 244 905 ™0 5.6 4.3 11 2.8
Ay 1 - 1323 9.8 980292 4.0 106.9 123.2 .7
Ax. 15 - 1.9 608 8521429 R0 93,1 139 B2
{355.3)
19 A 7 - 137 6.0 787 12.9.43.6 191 6.4 53.0
: Rag. 27 - 207 14 80.21140 - 8.0 56,6 574 .1
Mg B - 2R 198 N0.1 20.8 ZR.2 7.9 1184 135.0
An. - 150 767127 9531274 9.5 402 ‘.8
'{380.8)
195 am. 20 - 07 03 8,8 5.1 765 267 3.6 "3;L
' am. 2 - 3857 Z6.8102.3 158.9 135,2 437 &1 L2
Jan, 2 - 2.0 106.2 104.7 167.3 85.3 42.0 9.3 %.0
am B3 - 120 0.2 9401833 5.0 8.8 9.0 67.1
o , - - (az.1)
1% Xl 7 - 00 00 109 0.0 250 0.0 0.0 12,6
Jl. 8 - 19,3 104.4 110.3 193.3 376.8 169.7 102.7 126.8
al. 9 - 1312 59.7 120.1 152.7 173.8 1218 79,5 9.2
. 10 - 58 2.9 %.816.9 62,4 85.1 B5.9 4.5
. (30.2)

Remerks ; 1: Baguio 2: San Rooue 3: Bimaloren  4: Alcala

5: Sta.Barpara  &: Daqupan 7: Wrtalava B: Margatarem

HY 48



Table 4.12 PROBABLE BASIN MEAN RAINFALL BY BASE POINT

{onit: we}
Return Period (Year)
BAgp  eemeememe e e mamsassesesesomoeflausSossssnssare o
Point 1,05 i 5 10 5 50 100 200
1-Day _
BP-1 1 142 [ VIR Y I £ 34 in 416
Bp-2 ) 148 14 260 313 w4l 458
Br-3 M (EL RN 1 J | 384 11 - 47 540
BP-4 68 158 LY Y £ 425 510 §03 704
- Bp-5 98 141 203 4y 316 YL 1 1 521
BP-6 111 140 208 256 k71 369 420 413
BP-7 88 178 288 - 338 43 S19.. 609 106
Be-8 | 176 oMb 294 355 401 LY 4%
BF-9 81 138 182 210 M4 268 294 319
2-Day
BP-1 46 A6 326 405 - 508 580 674 161
BE-2 - 98 01 3 431 o o 546 635 . 128 - 336
5p-3 1Y 351 316 465 583 875 116 868
BF-4 106 252 38y e 622 M 31 952
BP-5 130 21 s e s Mg T 817
BP-4 - 98 07 36 398 ST el 8 833
BE-1 24 m 415 513 £43 743 849 958
BP-8 142 282 400 480 - - 582 660 739 818
BP-$ 116 22 s 8l 480 §1% - 519 540
3-Day
BP-1 e 263 ©s - 54 88T 169 881 . 1,010
Bp-2 118 ur a8 5% 8 1 oo 1,0
Bp-3 130 302 0 46 51T 13 844 980 - 1,112
BP-4 - 133 308 i 588 46 889 91 1,13l
RE-5 130 11 21 546 133 836 1.080 1,788
BP-§ - 116 %2, 37 512 68l §25 - 84 1,182
p-1 145 EX[i 50 k2 783 - 910 - 1,041 1,178
Bp-8 168 3T 418 -5 697 19l 886 383
P-4 4 mnm 388 457 550 §19 689 5%
£-fay
BP-1 14 301 466 586 141 815 1,008 1,147
Bp-2 138 318 - 486 606 766 831 - 1L,020 1,158
Bp-3 151 3 s 629 184 s64 1,028 1,156
BP-4 154 M2 YV I Y. 1 4 1,042 LI
RP-5 47 305 1113 614 849 1041 1,289 1,508
BP-§ 13 81 8 586 0 M4 1,125 .13
Bp-1 in b1 545 $64 B4 927 . 1,088 1,183
BP-8 199 318 531 617 138 829 920 1,012

“BP-9 157 308 FX I V¥ 625 101 L IR £

~HY. 49--



Table 4.13 STORAGE FUNCTION OF RTVER CHANNEIL. UNDER
CONFINING DIKE CONDITION OF AGNO RTVER

Chanmel ~ Storage 2unction Lag Chanmel Storage Runction liag
Ho, Tine Ho. : Tite
£ P {hr) K P {}r)
1 18,264 {559 1.0 17, 147,595 p.669
2 59,433 0.508 .90 i - 29,518 0,669 Q¢S50 1.0'_
o 84,050 b.52¢ _ 2.0 5,291 0.423 580
{ o 43,898 0.653 © QCEte0. . - 1.0 19 9,518 0.66% Q<380 2.0
81 . 1523 1700<Q : 3,187 1.040 Q350
3000 : 20 38,149 b.862 Q<780 2.0
20,850 - 0.824 Q3000 ' 4,000 1.000 @750
§ 26,083 - - 0.628° Q1200 1.9 21 24,921 0,661 Q<400 1.0
IRt] 1.566 - 1200¢§ _ ' 2,766 1.026 Q400
A ] . o 220 145,044 0,613 Q<1200 2.0
13,107 0. 769 Q2100 - S8 1,673 1200¢q
& 13,008 0.829 Q1809 : ..~ 2.0 A i1
A% - BB CQRs00 o P - 35,18 0,789 QL1700
(4 g, 170 0.761 . .¢h500: . .. 0.0:. 23 - 228,766 8.561 Q800
019,798 0,645 :Q5500,. TOEE T B3840 0.888 Q00
3 C 8,243 0,783 Q500 - . 0.0 2.7 148,698 0,561 q¢800 1.0
- 19,107 0,641, 3580 - T ©1 15,496 0.838 @400
] 16,384 0.736 @000 1.0 2 10,3 0.646 Q<550 0.0
13,885 0.653 ¢x1000 1,200 - 1.000 Q55D :
10 13,223 0,864 Q250 1.0 26 22,91 - 0,667 . Qi00 1.0
P47 TL.DTE 25049 1,288 - 1022 Q400
T L € 11 . : 2t 7,188 6.602 Q<200 L0
20,503 «-- 0,648 Q450 . 52,488 0.745 @200
1| 24,350 0.615 < Q¢310 1.0 - 28 - 234,30 0.602 Q<200 3.0
293 1,359 + 3Ide .. . _ CoL9,082 0 D.9SY 2300¢
: [ o6 - o o (6000
£9,875 - 0,602 @700 177,799 0.716 Q6000
i2 - 165,888 0.620  Q¢1200- . ¢ 3.0 9 15,570 0.632 1.0
23 1,845 120049 0 - 25,453 - 0,624 1.0
o <2000 | 323,125 0.602 Q2600 2.0
© 161,945 0.7117 2000 4 1.879 26004
13 46,875 0.602 1.0 . <6000
1} 25,453 §.624 1.8~ - 59,409 0.834 QG000
15 31,069 - 0,871 1.0 32 366,778 0.632 Q2400
16 156,250 0,602 <1200 3.0 19 1,727 3400¢Q 3.0
120 1L 120040 ’ <5000
{2300 113,225 0,817 @500

214,479 0.653 Q2300

~HY.50~



Table 4.14 STORAGE FUNCTION OF RIVER CHANNEL UNDER
CONFINING DIKE CONDITION OF ALLIED RIVERS

Channel River River Lag Time
No. Length {Ea) $lope E 4 {hr)

Panto River

-----------

1. i3 1/ 80 8,059 0.648 0.0
2 8.0 1 130 14,655  0.660 Lo
3 6.5 1/ 350 2T, 384 0,638 1.0
4 6.0 17900 - 18,662 0677 - 1.0
5 11.8 1/ 580 18,662 0.6M 2.4
6 6.8 1/ 800 31,668  0.607.. @ ¢ 500 1.0

16,198 0.784 @ > 500
] i2.% i/ 869 §2,100  G.628 @ < 600 2.0

21,041 0.760. Q> 600
8 3.4 1/ 869 19,753 - 0.653 0.0
9, §d 1/ 1510 35,333 - b.f2t i.0
10, 18,4 1/ 105D 59,038 0.668 2.0
1. 2.5 171870 96,318 - 0.672 3.0
12, 9.5 1/ 1916 62,248 - 0.632 1.0
13, 8.0 1/ 1500 24,138 02 1.0
W, 1.8 1/ 1500 27,364 0.685 - 1.0
15, 1.1 1/ 1500 34,333 - 0.626 1.0
ig, 2.5 171910 12,463 - 0.661 0.0

Caysnga Biver
1. : i3 17420 35,138 - 0.658 Q< 400 1.0
T ' 23,421 0T Q0 H0

'R 12,5 1/ 1080 68,667 0,526 2.0
3 ' - 4.0 1/ o 57,018 - 0,65 2.0
1, 10.0 171270 45,756  0.B36 Q¢ 250 1.0

_ 38,896 - 0.678 ¢ 250
5 8.0 1/ 220 106,209 - 0.616- 2.0
§.0 I/l 1.b

10 35,868  0.637




Table 4,15 STORAGE FUNCTION OF SUB-BASIN OF ALLIED RIVERS

Coeff. of Storage

Sub-basin. Catchmest ~ River Fusetion Lag-tine
No. - Area Gradient =reeeemseenvemene-
(Rm2) - R P {hr)
pal i1/ 48.38  0.35¢ 1.0
P02 15 1740 39,30 0.416 1.0
203 11w 48.38 0.3%4 0.0
P04 16 1[40 9.3 0,416 1.0
P05 0 1715 16,43 0.568 L.i
Po6 15 1/ 141 13,33 0,971 0.0
P07 31 174 19.30 0.418 1.0
i1 J. 17500 .4 0,187 .0
pO9 M 17w 1544 0,866 2.6
P10 o1/ 16,38 0.877 2.0
" Pl @ o1] 2% 11.04 0,99 1.0
M2 0 1/1 13.77  -0.54 8.0
P13 1140 19.63  0.715 3,0
P14 ¥ 1/50 1826 0,761 2.0
p1s 1 11 12,92 0,995 0.0
PE 39 1] 700 16.65 - 0.81¢ 2.8
P17 9% 1./ 100 19,85  0.516 0.0
P18 56 171370 13,61 9,955 6.0
P g 1] 13.47  0.983 0.0
P2 83 1/ 100 10.9%  0.%%0 2.0
21} 113 1/} 60 17.3 0,796 1.0
P22 1% 1/ 13%0 13.55 0,959 0.0
- P23 53 1/ 3800 1613 0.980 1o
P 57 1] 158 1326 0.919 6.0
#25 2017 1610 12,91 0.9%2 0.0
P16 4 1/ 150 13:38 0,968 0.0
P27 SRR £ S N 3111 13, 0.1 0.6
P28 31 1710 12,7 - 0,992 0.9
co1 8 1/ 8,38 0,354 1.8
€02 3 1733 .88 .83 2.0
€03 i o1/ 18,76 0.743 1.0
cod 5 1/40 30.81  0.504 1.0
o5 17 1/ 43,38 0,354 0.0
cos o1/ 10:00 4.707 1.6
a7 o1/ Mm 23.80 - G615 2.0
co8 130 1/30 2,80 0.389 3.0
£09 617 1/30 284 0.3%9 1.4
¢10 "3 1 f L 6.9% 0,599 0.0
el M1/ 600 .40 0747 1.9
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Table 5.1 MONTHLY BASIN IMEAN RAINFALL AT SAN ROQUE

{Unit: =a}
YER  Jan.  Peb.  Har,  Apr.  Hay  Jmee . Jely  hwg. Sept, Oct. - Wov.  Dec.  Tofal
fe60 50 113 CTSRN T/ VIR S | T SO X1 NN © ) S .1 i 5 30
1961 0 I 1 %200 47 ™M 866 Y 12 0B 1 2847
1362 ¢ 5 2 83 W 3w . W N i 1 un
1953 B A 4 4 I 1) 02 367 788 i} 4] 68 2545
1964 1 i A ! w4 W uu 51 i i 1852
1965 % L] 8 1 N ME- 63 1] 41 m {9 0 U
1966 16 18 1 86 812 M - 316 50s . 669 8 I 11
Wy 5 4200 150 1108 07 1008 81 1Me i B
1868 12 0 56 139 - o1 M9 1028 1697 12M &t k4] [ L)/
1359 20 2 it 8. M RW MY 8T M0 80 2 818
19 i 13 FFLIE " N R S 1 S 11 S L J < p3 3T}
i & %8 120 - w0 693 123 690 440 589 IS8T 121 468
912 A i 82 187 - 300 846 a1 T3 301 ) 85 25 53
e n i0 83 g 121 6 2o g 28T 495 108 A
1 8 ] 1% 169 23 482 34 cOBR WY O10Es 2BD LR 1]
By N § B §) . 282 01 195 G20 389 268 1] # u
1) . 8 £ 16 e .M 181 3 6 6
1917 3 b -] I8 uzo 503 5B ML BT 183 -0 218
Wi 1 0 o DL omMr s 0 105 1M Tz 4T Mu
1919 ] 6 -2 g20.0080 11T 48T 418 283 18 <R % 14
1980 Z b ki 3% 40 9 T8 M #1286 SW 3 am
1981 b 8 0 I IR > R 1 ) S D 1 S ) ¥
1982 8 b4 2 90 1001 380 557 586 201 182 B8 15 2158
1983 H { ! AR v S 4 VAR .4 168 1 e 5 L & 1)}
1984 28 g 0 1y W 0 286 - 10M AR 10 0 N
198% ] i 23 167 71 10 U1 38 Mmoo i 2R
1 10 0 0 R T T TSN (N1 ' | I IS T { R -
Hea n k1 1} DO 1SR 5.3 MR £ Y+ SRS . S A SN | S 14
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Table 5.2 RECORDED MONTHLY RUNOFF AT SAN ROQUE

{Unit: n/flsec)

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

AR o L e e B L N R R 3 LY e o e e e e

1360 3.0 21 155 169 30 Mg 848 HLY 1128 808 2t WL 795
1961 25.0 . 26,2 23,2 2% 203 3.2 IR46 1354 BTL1 106.3 46.1 40.7 . 68.2
1962 20 204 2.1 LS ARE 36,3 1812 170,00 2438 1050 443 449 815
1963 48,3 - 38,2 35.3 0 28,1 2.3 - 153.7 M2 1320 MT.E 92,0 6.7 135 . 88.8
1964 12 19,2 160 - 241 1.1 2L BAT 5085 255.3 2822 102,99  5T.0 115.0
1965 Mol 8.2 138 104 6.3 - 334 1936 187.2 120.7 1164 29,9 160 61.7
1968 1.3« 8.0 8.1, 8.6 229.4 1722 156.8 176 2445 600 544 585 . 98.9
1967 0.0 . 9.6 526 389.8 100.8. 132.3 117.0 - 257.6 2019 19L.3 2084 832 T l44.8
1968 ol WS 163149 085 157 1080 - 5611 B45.2 275D BOLT 243 1483
1949 .4 2004 212 100 4300 63,9 213.7 248 350.5 188.3 - 58,2 18,2 105.3
1970 b 6.3 6.5 . 153 1.0 1085 1618 L1843 2008 244,2. 1584 1209 103.3
1971 .2 1.5 0 8.9 4L 18 843 20005 270.9 . 24006 3R0.0 712 2.1 12T.0
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RUNOFF COEFFICEINTS OF OBSERVED AND SIMULATED RUN- OFF

x5 e s -

. * v - a

- - -

coooDooOoDOTO
AR REDADAD G
WODNHRXSRWDROD

-

——— o o e A ——

TABLE 5.3
_ Observed
YEAR Bagin
‘Rainfall (mm} Runoff (mm) Coeff.

1960 3,606 2,006
1961 2,847 1,721
1962 2,772 2,056
1963 2,546 2,240
‘1964 3,952 2,901
1865 = 2,455 1,557
1966 3,127 2,495
1067 5,347 3,663
1968 © 4,932 3,742
1969 3,919 2,657
L1970 3,759 2,606
1971 4,405 3,227
3,639 2,572

Average. .

Simnlated

: Error

Runoff: (mm) Coeff. (%)
2,238 " 0.862 11
1,991 0.72 -3
1,857 0.73 ~17
2,740 0.69 ~§
1,698 0.69 9
2,124 0.68 ib
{,04?' 0.76 11
3,787 0.77 1
2,987 0.76 12
2,730 0.73 5
‘3,217 0.73 0
2,617 0.72 5

~HY .55



Table 5.4 ESTIMATED MONTHLY RUNOFF AT SAN ROQUE

(Uait;x3/nee.)

TR

Jan.

Feb.

e
=
>

Apr,

Nay

Joge

Jul,

heg,

Sep.

Oct.

Aoy,

Dec.

Hean

1960
196
152
1963
95
1965
1366
1961
1968
1989
1970
jo11
112
1973
1874
1915
19%
11
918
199
1380
1981
1982
1983
1984
1985
1985

0.1

2.0
1
8.3
1.2
1

1.9
15.%
1.4
0.3
2.6
0.8
2.4
21

2.0

2.0
18,9
0.4

18,4

16,
1
16.2
16.8
15.8

1.2

1.2
18,6

i1
.2
204

182

19.2
9.2
8.0

TR

18.1

20.0
0.4
0.8
2.1
2.8
zll‘
0.7
1.5
0.1
18.6
18.2
.
16.1
16.6

15,0

1.1

14.9
15,3

Py Bk (Ll WD DD
“« s = & =

- o & &

HuP BB ek bk b
B ) AD OO DM O 3 3 O7 LY L L
T D il € DD e D LD el s B ey

[l
<=3
ot

240
3.3
2.1
18.3
18,8
18.4
19,6
4
1.4
16,8
5.9
15,9
14,8
15,1

o 19.9

.2
3.8
8.1
Wi
10.4

8.6
55,2
#%.2

R

i3
zgl1
39!:
0.8
i3
n.i
0.3
19,8
R
18.3
18,7
1.2
al
i1
.1
.1
H.8

0.3
1.3
3.8
1.3
.1

6.3
294
0.1
B6.1
8.3
B5.3
0.1
3.1
9.9
0.1
K
216
3.5
.8
5.8
8.3
3.1
zzlﬁ
12,9
8.8
3.6
9.5

T4
4.1
3.3
1851
2.4
B4
m.2
L9
9.5
123.8
1915
192.8
w4
106.3
165.8
6.1
3338
L1
3.9
11
50.3
133
555
5.6
nl
23.3
0.

8.8
1546
181.2
112.3

silT
193.6
1§6.8
6.1
2404
FALR)

163.1

%0.1
§13.1

.8
101.9

L5
3.9
1.2
136.9
139
185.4
11,8
1563
188.0

B8
205.4
3.5

{119
135.4
170.0
132.9
508.%
167.2
173.5
X180
{76.4
ne.e
6.8
233
1928
.3
.8
15,1
186.0
1810
P10
.1
1.3
80,9
185.1
265.2
11|
F{1 R
182.5

i1y
A
u3.g
YN
3553
1281
44}
TR
§50.4
64,5
[4L8

.5

i

- 16,3

159.9
150.6
lglls
0t.1
ma

53]
0.8
168.4
Hi.Y

18,7

198.3
1134
38,1

80,9
106,3
105,0

92.0
2.2
116.4

6.0
386.1
s
133.1
115.0
129.¢

1.2
113.2

82,2
1055

186.2

§8.8
182.2

80,5
#5.¢
19!4
62.9
1.1
§1.8
86.5
Tl

AN
6.1
H.8
.1
162.9
.9
§4.1
1134
3.1
s
10.9
5.1
2,
its
189.0
nr
AN
18.5
58.8
8.}
2.8
SLY
19.2
iy
B2
.2
0.2

]"B
0.7
"9
18.6
5.0
i6.0
8.5
z"z
20,9
3.1
.8
1.4
23,5
4.0
I8

0.1

zolf
18.2
03
1.4
.1
.8
16.0
15.6
154
15,8

5.1

7.5
6.2
81,5
38.8

1150
6.1
8.9

104

150.1

118.4

i08.2

121.%

157.9
15,6

14,5
8.3

10,6
#9.1

102!
5.5
8.0

“§7.1

§.6

1.4

1.6
1.3
§6.3

0.6

18.8

18.9

%48

2.4

1247

180.9

389.8

08.3

133.1

LI

%1

L
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Location fetura Period (year)
River/Stretch Ho. 1.05 2 5 10 25 50 100
1. #ain Agno River
Rivermouth A 1160 2510 Si00 760D 11220 14170 1730
Bofere Junction with Olo R, h-2 990 2250 4700 6910 10840 12730 15680
Befere Junciion with Camiting R, A-3 080 2100 4350 6410 9330 11960 14020
Before Junction with Yarlac R. A-1 500 1330 2690 3960 5760 7460 %210
 Upstream of Poponio floodway A-5 490 1320 2680 3960 5730 2430 9190
Before Junction with Dantla R, A-G 410 1140 2330 3470 5020 6570 8l40
Beforfé Junction with Viray-Dipalo R, A-7 360 970 2050 3010 - A3B0 5930 7280
Before Junction with Ambayoan 8. A-8 260 - 700 1530 2340 3780 5120 6370
San Rogue Qam A-9 320 830 1710 /OO D50 S0BD 626D
2. Tartac River
Junction with Agno R, 7-1 160 960 2600 2930 4340 ~ 5510 06720
Before Junction of Baka R. 1-2 210 550 1140 1690 2540 3230 3940
Tarlac T-3 180 430 870 1310 2020 2580 3180
Baka R. + Sub Basin T-6 260 530 1000 1490 2150 2640 3150
Hor fanes R. T-1 110 280 570 §66 1270 1610 1950
0'Donnel) R, T-2 - n 170 310 490 200 1000 © 1239
Ralog-Balog 1-5 &0 160 oo 130 610 760 900

3. CamllIng River
Junctien with Agno R, -1 200 3690 G60. 1020 1630 2170 ZG6O
gefore Junchion with Rayating R, c-2 130 240 450 100 1140 1520 1850
defore Junction with Mamair R. C-3 920 170 310 180 850 1130 1380
Dayating R. c-4 70 120 210 320 500 660 800

4, Banila River

Junction with Agno R. B-1 110 250 510 70 990 1380 1610
Before Junctlon with Hatablong R, B-2 60 160 320 170 650 950 1100
Before Junctien with Karayoga R. B-3 30 70 150 220 300 419 580
oridge ) B-4 20 60 10 160 230 330 390

5. Viray-Dipalo River

Junction with Agno R, v 50 120 @@ 380 5N 70 8AD
Viray R. ¥-2 20 60 130 100 0 370 420
Dipalo R. (Down stream of San Pedro} ¥-3 20 4 110 170 250 350 400

{Upstrear 6f Sap Pedro) vaa 19 30 0 160 150 210 240

6. Ambayoan {tiver _
Junction with Agno R. - -1 118 Joo 590 880 1310 1730 2090

Fig. 4,06 PROBABLE FLOOD PEAK DISCHARGE DISTRIBUTION
OF AGNO RIVER UNDER CONFINING DIKE CONDITION
(WITH SAN ROQUE DAM)
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Location
Rver/Stretch Ko. 1.0 2 5 L0 i 50 100

1.1 Cayanga/Patalan Rivers .

Rivermouth . -1 270 580 1070 JAS0. 20080 2560 3030

Before Junction with Bued M. C-2 140 300 550 170 160 100 1550
1.2 Dued River

Junction with Cayanga R. L3 130 290 520 730 1090 1290 1559

Before Junction with Apangat R. 1 90 200 310 500 150 950 1170

hpangat R, C.5 30 60 120 160 220 260 300
1.3 Aleragat River

Junction with Patalan R, . -6 5% 16 ue 280 W A0 550

Amaglbagan c-7 30 60 106 140 00 240 290
1.4 Angalacan River .

Junction with Patalan R. C B 7150 200 400 670 M0 840

Haraboe c-g¢ - 50 110 150 21 400 510 620

Killa t-10 kD) 00 130 150 290 370 160
2.1 PantofSinocalan River _

Rivermguth . -1 430 D10 1340 1900 2M0 3260 1000

Before Junctlen with Dagupan I, (24 200 540 B50 1220 1740 2720 7610

Before Junction with lngalera i, L S ]} )] GO DGO 1260 JGAD 2000

Before Jungtlon with Quinaboletan R, -4 i40 200 130 620 950 1250 1510

Catablan : -5 120 250 370 540 850 1120 1380
2.2 Dagupan Gity ’ '

Junctlon with Pante R. P-6 “110 - 300 480 690 950 110 - 1260

Before Junction with Dasing R, Pt 130 240 380 540 740 a0 990

Lower San Juan R. P-8 100 170 270 390 540 630 720

Upper San Juan R, . ] P-9 50 90 150 200 20 330 a0

Ejang R. : ?-10 50 B8O 120 190 260 3o 350

Campangbogan &. [ SY w W W e 1E 19 220
2.3 Ingalera River

~Junction with Sipocatan Rl p-12 7 .80 150 256 360 500 G600 GO

Talespatang . r-13 . 60 120 180 260 - 20 ASQ 540

San Hicolas P-12 il a0 50 a0 120 150 14940
2.4 Tagumising/Tuboy River ’ ,

Junctien with Singcatan . p-15 30 170 250 150 580 790 P

“Yatyat ?-15. 70 150 230 30 S0 730 910
2.5 Hacalong ftiver . )

Juinclion with Sinocalan R, - P17 19 99 130 190 210 330 390

Urdanota r-14 an 613 ng 120 1o 210 280

San Hanvel P-19 20 n 50 o 100 140 160

4,27 PROBABLE FLOOD PEAK DISCHARGE DISTRIBUTION
'OF ALLIED RIVERS UNDER CONFINING DIKE CONDITION
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Fig. 4,28 PROBABLE FLOOD HYDROGRAPHS AT BASE
POINT WITH SAN ROQUE DAM (i/5)
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Fig. 1-280 PROBABLE FLOOD HYDROGRAPHS AT BASE
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Fig.h-28 PROBABLE FLOOD HYDROGRAPHS AT BASE
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—HY, 102







Discharge ( 7 sec)

BP-7 . Ambayaon R.atjunc. with Agno River

4000
3,000
. 2,090 m3/s
2,000 a J (100 year)
\ 1,730 m¥/s
{50 -year}
R N . 1,310 m3/s
/\ \ {25-year)
Y
'poo TSN 880 m3/s
\\\g o
o] .
0 40 8o 120 160 200 240

Time{br)
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Fig. 1.28 PROBABLE FLOOD HYDROGRAPHS AT BASE
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River/Stretch Ho. 1.05 2 5 10 25 50 100
1. With San Roque Dam
Rivermouth _ A-i 1166 2510 5100 7610 11220 {4120 17010
Defore Junction with Olo R. h-2 990 2250 A700 G910 10140 12730 15G0O
tlefore Junctlon -with Camiling R. A3 880 2160 - 4350 - 6410 9330 11960 14020
Before Junctlon with Yarlac R. A4 500 1330 2650 3980 5760 7450 - 5210
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Fig. 4;30 PROBABLE FLOOD PEAK DISCHARGE UNDER
| CONFINING DIKE CONDITION WITH AND WITH-
OUT SAN ROQUE DAM -
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