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I. HYDROLOGICAL ANALYSTS - i~ «( - = ¢t oo it o e ey

1“1 Avaifaole'nataﬁ.ficys-!
1.1.1 Rainfall _ S
There are ten {10) ordinary rainfall gaging statiOns within the

STENEET: LIRS
L R R Tl ke
<

project area. ‘The locaton and- record 1ength of the stations are. shown.
in FIG.~1.1 and FIG.~I.2, . Anong these stations, threo stations of -
Guinobatan, Legaspi and Sto.:DOminqo have daily records over more. than
20 years, but other statiéns have records of 1ess than 10 years. No‘,
hourly record is available at any. stations.: Tha 6~ hour intervals S
records are Legaspi is one with the shortest duration, which is
available since 1970.

As seen in the location map, all.statlons'are located_along the
major roads and at low aititude of :less ‘than 130 m. As'no rainfall
station exists in the mountainous reglon, two self-tecording type rain
gageés were_installed on the_slope of Mayon volcano in October 1979_by.
the Study Tean in order to grasp-the_rainfall;aﬁOunt-fn the;mountainOus
area, that is,_at-high aititude.‘ :

Both rain gages produced hourly: records Eor three months.

However, they are no longer operational due o a Eailure of managemnent.

1.1.2 Stream Flow . :

Though - the project area has many streams, the stream flow :
observatlon:network;is poor. ‘Only the Quinali (A) River .ands’; :tha-
Taiisay hiver ‘have Qagino stations. Eight (8} Ordinary gaging stations.

ate located in the Quinali (A) River basin and one is in the Talisay
River basin. The 1ocation and record 1ength of the stations ace

indicated in FIG.-1.1 and PiG6,.~I.3 respeotively. Other basins however
have no gaging stations.

Measurement 1s conductéd with a stuff gage and a gage reading is
recently made three times a day. During flood time, it becomes more
frequent, but due to a failure of river dikes and a bad accessibility
to the stations the meagurement is often interrupted.‘ For this, the

-.'l_'-'



" flood peak runoff recording is apt to be missed and: thus the
:availability of flood record 15 low.. Also, the existence of irrigation
_dams has apparently affected the ordinary runoff recerd eSpeoially _i{? . gi;

durlng dty months.
Ro hourly record is available exeept Banae bridge station rr‘ﬁiiﬁ

established hy the Study Teal,”  Banad gage is sti1l. working as of

_ August’ 1980, bt as the major floods havé not et been' recorded and

also the discharge rating cuxve is not’ prepared so far, the gage: height

récords obtained ‘are not’ available for the present study.-

- AS Eer'take'Bato,-gage height records are available ‘since 1960

with'some'interruptions.

1.1.3: Sediment Load _ :

Suspended load records are available at two points. ‘One is Busac
of the Quinali (A} R1ver, another: ie allang of the Talisay River. Both
-sites coincide with the stream flow gaging stations shown 1h PIG.5T.1.
The measurement was started in April 1974 ahd has been’ conducted

: together with dlscharge measurement. The measuremeént frequency is ﬁgﬁ
_a1m0st onée'a‘month; FIG.-I.31 shows ‘the actual suspended load ‘records
_ plotted against water: discharge on the logazxthmic paper. - '

On the other hand, as no bed load measurement records are Seia
available in the area, the sieve analysis oE ¢iver bed materials was
performed in order to. ‘obtain the data for estimation of - bed load at
'nvarlous points in the area during the flield’ investigation periods in*

1979 and 1980, Sampling ‘sites are ‘shown in FIG. 1. 210 R
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1.2

"Plood Analysis

1. 2 1 Basic Principle

neak

o

The pres&nt flood analysis aims to estimate ¢n1y probable flood
runoff for the teasons below.

The exxstence of flood record is limlted wlthin the Quinali (A)
River basin incluﬁing ‘the Talisay River and also ‘the reliability

' of Elood peak recOrd is low due to the poor measurement manner.;~

12)

{3)

{4

No houfi? fécbrds of both rainfallfoﬁarstoeamxinW are aval}able

within the area. This means the actual hyetograph and hydrograph

" do not exist and thus the Elood-hydrograph analysis cannot be made.

Hydrograph analysxs 1s not always needed for the pregent naster
planning. ’

The oommon way in such a case is to estimate only flood péak

runoff from rainfall by a simple formula instead of hydrograph

analysis.

In order to estimate the flood peak runoff, Ratfonal formula is

employéd in this study, which is éozy commonly used for that pucpose,

In addition, Nakayasu's formula is adopted to construct the £1o6d

hydrograph with the peak Y unoff calculated hy Rational fornula because
it is necessary for the flood Sediment load calculation, inundation

calculation; ete. in Sabo and river planning.

Finally, the general procedure to be taken for the flood analysis

may be explained by the following flow chart with employlng Rational
formula,



GENERAI, PROCEDURE FOR

PLOOD ANALYSIS .

Calculation of probab1e'”"'
point zainfall

'(iwél's; Bazen's and
paY T Gumbel s method)

Calculation of ‘probable|
basin average rainfall:|

i

(Thiessen's method)

Depthnduration relation ‘ Depth-area relation
analysis - P " analysls -
{Talbot's formula) (Horton's Pormula)
Caicuiééion.éf flood
concentration time .
. . (Rraven s fomula)= '
RunofE : Calculation of probable rainfall Drainage
coefficient | . = 1ntensity for the Quration of area .
' ) | £léod concentration time ) :

Calculation of probable

| flood peak runoff

(Rational formula):

peak

‘Consteuction of £lood
.hydrograph with above

(Nakéyasu‘s formula)



o

1.2.2 Probable Rainfall NPT AT ,.~;.c v f'aif
1.2,2.1° Calculation Method . e e
Thé. calculation of p:obable rainfall .is made hy three methods of
Ivai's,. Hazen s and Gumbel's, and the method which gives the 1argest 1;'
values for higher return periods is adopted Plotting position: aftex
Hazen is employed to plot the data and exanine the freqnency curve .
fitting. '

'1 2 2.2 Probable Point Rainfall

In general, the record length of more than 20 years is preferably
needed for the relxable statistical analysis. Nevertheless, Only three
out of ten stations.in the area medt the. above cbnditidn, sd‘thaf the
stations with records of more thah 5 yéars,ate taken up.for the study
relaxing the condition said above. Eight stations can be analyzed,

Thé calculation is made for the annual maximum l-day énd_:-day
rainfall of the qualifiéd stations and also the.annuél maximum 6-hour,
12-hour, 18-hour and 24-hour rainfall of Legazpi station,  PIG.~I.4
throiugh FIG,-1,13 give the results of calculation grabhiéally.

1.2, 2 3 _Probable Basin Average Rainfell : C _
'As shown in the flow chart of analysis procedure in the. previouS'

- section, the probable basin-average.rainfall should be estimated to-

checkrthe depthéduration-rélation analyéis menticned later.

Thé thnali (A) River basin including the Talisay River is taken
up as a representative basin taking into account the size of basin and
the number of rainfall .stations in it.

TABLE~I.10 lists the stations concerned and the annval maximun
basin average 1-day rainfalls estimated by Thiessen's method. Thesa .

ralnfalls are analyzed statistically and shown in FI1G.-1.14.



1.2, 3 Dépth4ﬁrea4nutatlon Analysis
'1 2.3.1 Depth—Area Relation : .

* Thé ‘aveérage ‘dapth of rainEail fof al given duratién in a certain
atea Qenerally ténds to' decteasa cénvetsely ‘with" 1ncreasiﬁg of‘ared.
This ‘relation is usually der ivéd ftom thé isohyetal map with a given
durationi Rowever, as ‘the available data are inadequate toé prepare -the

isohyetal map, Horton_s formula is employed for the present study and '
it is expressed in the form of

‘P = Po- exp ‘{-kan)
“wheré,. R _
cipeg avéfége:dépth'of rainféllffor_a'inen duration over-a
o c-ecertain area (in.). - :
L POy 'latgest ralnfall amount -in the’ area (in )
A : area (mlle )

k, ni = constants
" Po, %k and h are determined in thé manner described below.

Po is usually .gi'ven on the isohyetal map, although {t is not %
available in this study. The rainfall depth generally tends to ' -
increase with altitude. All stations in the area are located at low
altitude of”afouhd'lﬁb m or less, while the highest point in the area
_is the top of Mayon Volcano with an altitude of 2,469 m. Therefore, Po
is obliged to be roughly estimated through the rainfall of stations at
low altitude. ' o = :

FIG.~I.16 and FIG.-I,17 show the rainfall amount cdrrélatibn‘among
Leéazpi; Guinobatan and Maéarawag.stétiOn which was established by the
Study Tean at high altitude of about 450 m to grasp the dlfférence of
ralnfall amount "due to altitude, '

As seen in the figures, the rainfall.amoﬁnt of Magsarawag with high
aititude-is obviously greater than thét of the stations at iOw altitude
such as Legéapi (EL. 19 m) anE_Guinobatan (EL. 123 m)., The increase
. rate 1s more thaﬁ 100 percent. The rate however is not definite .
because the data include no large values occurred concurrently @$5



 at both'statiohs concernéd and also the record length is only ':';h‘:‘ee

months. ACCOrdingly, an increase rate of 50 percént is’ adopted”

'“tentatively and thereforé PO ig: assumed to b 1ndiscriminate1y given as
1.5 times of the rainfall of the represéntatiVe statlon in the basin to

be studied.

As for k’énd‘h;-they afe*takénfas apprbximatély‘o 1 and 0,2
respectnvely for 24 hour rainfall’ ‘4’ the United States according to -
Horton, - In the study, n is determined with fixing K as 0.1
COnstahtly. As shown in FIG.-I.18, n should be taken as 0.3 for the
probable depth-area curve to pass through or near the probable basin
average rainfalls plotted which were calculated taking up the Quinali

(A) River basin as a representative area.

1.%2.3.2 Depth-Duration Relation

The average rainfall {ntensity (i.e. depth) in a certain area
decreases with increase of duration. ‘This relation is obtalned from
analyzing the rainfall intensities for the various durations.

The deptthdratioﬁ“rélation for the short.duration such as 1l-hour,
2-hour, etc., is needed for the present study sine the flood
concentration time will range from about 20 minutes to around 6 hours.
On the other hand, the shortest duration of available rainfall records
is 6-hsur at Legazpl, and therefore the rainfall for the duration of
less than 6 hours is obliged to be estimated by the appropriate

formula.

Talbot's formula is commonly applied for the rainfall

1ntensity—duration relation for the shorter duration. It is expressed

'1n the form of

t+va
where, - _
I ¢+ rainfall intensity (mm/hr)
t ¢+ duration (hrs)
a, b1 constants



FIG.-I 20 shows the probable rainfail intensity - duration: curves
defined by Talbot's Eormula for Legazpi st&tion, which are prepaied
awith determining the above constants by the 1east square method for the . gﬁ;
:,probable rainfall intensities with the duration of 6-, 12-,. 18- and 24-

hours.

The intensity-duration relatiqn of- Legazpi station is assumed to
be applicable to othet basins multiplying by the ratio of the probable
basin average 1-day . rainfall of - the basin to be studied and the
prqbab1e4247hour rainfgll given by the said corve.

1. 2 4 Runoff Coefficient , Lo : . .
o No data on the runoff coeffic1ent related to flood peak runoff are
available in the area and also no standards on that matter are provided
in the Philippines so far. Consequently, the Japanese Standard may be
referred to, because the,hydtOIdgical'conditionsiqf_Ehé,area'ié
considered to be similar to those in Japan.-

Japanese Standard indicates the following runoff coefficients for

"Saboand river planning depending on ?he ground condition. . _ sgﬁ

_-RUNOFF CORFFICIENT IN JAPANESE: STANDARD

' Ground Céndition S Runoff coefficient
_Field, Parm o ‘ 0.6
Paddy Field ' o 0.7
Mountainous Area 0.7

As the prbject area is composed of almost the mountain0us area and
paddy field, the runoff coefficient to be applied for Rational formula

can be_taken as 0,7 uniformly over the area,



1.2,% Flood C¢néentrat16n Time Yo Sprh STmieieen

© The: Elood concentration time is 9iven by the summatiOn Of the time
reQuired for flood o’ flow out: 1nto the: river course from the forest .
point in the basin and- the time requiréd for £1603 to run down. through

the river course ‘up to the point under consideration,

"3Theiv§ridusgemplrieal'fprmulas»hafe'been ﬂrnposed_fot;tnéf?f
eétimatidn‘of tléod cbncentraElOn time;"AmOng.them, Ktavénls'formnla
is simple and applicable for. the calculation of both times defined
above. It is therefore adopted for the present study.: '

Kraven gave the following empirlcal values on the flodd velocity'
dependlng on the rlver bed slope.s~ : E '

' PLOOD_VELOCITY AFTER KRAVEN

River Bed Slope 17100 17100 - 17200 17200
Flood Velocity 3.5 SR W TR 1 N

(m/sec)

Finally, the flood concentration time can be calculated by the
following equatibn._

T

il

L/60V
where, -
T @ time of flood concentratlon (min) o , ) .
L : length of river course from the farthest point in the
‘basin to the point under consideration (m)
- W1 flood velocity after Xraven (m/sec)

1.2,6 Probable Flood Peak RUnoff

1,2,6,1 Base Point l . _ _
The base point‘for_Sabo'anﬁ river plannings {s usually set at the

point:to be studied hydrologically and hydraullcally and which is

closely related to the plan under consideration, |



The'prbjéct area has'many'r1Vers:anﬂitheir tributacies and also.:

'-eaCh of them. is- conCérned to: the present Sabo ' and river master planning

more or:lYess, . : COnsequently, the confluences of tha tivers are mainly- ] éfz
R Selected ad a base point as well as the important structure sites: such

~as road bridges, raflway bridges,-etc.’ T |

These base points are. 1ndicated in PIG,-1.21. The project area is
:divided into sub-baslns according to the base points selected.

1.2.6.2 Representative Rainfall Station o A R
"~ The representative rainfall station should be determined ﬁor each
' basin, which. definites the meteOrological conditions of - the: basin. In
general, the station havlng the long and reliable record is selected as
Ta representatxve one. In the project area, four stations of
”Guinobatan, Legazpi, Sto._Domingo and Malxnao whtch ara located around
Mayon Volcato have a qualification. The project area therefore is
divzded into four large pafts round Mayon Volcano as a center
corresponding to the above four stations. They are, the Quinali (A}
River basin, the Yawa River basin, the Quinall {B) River basin and .
othets., ’ %

As for the Talisay ‘River basin, ‘Allang is selected as a
representative station because the Talisay River ofiginates fn the

mountains other than Mayon Volcano.

TABLE-1.12 lists the representative rainfall stations and the

basins subject to them. o

1.2,6.3 Probable Fiodd Peak Runoff
As mentioned before, Rational fétmula is employed for the
calculation of probable flood peak runoff. It is expressed in the form

of:

=~ 10 -
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w0

Q= 3.6 Aont

0t flood peak runoff (m3/sec)

a .drainage area (km )]

f : runoff coefficient {= 0. ?)

1 *5rainfa11 intensity for the 6uratibn equal to the Elood
‘concentratioﬁ time (mm/hr) ‘

In the equation, £ and I ate defined as described in the previous

sections and A i¢ glven. ‘The calcéulation procedure is itemized below
in rather detail.’ : RS e R

(1)

(2)

(3)

{4)

(5)

{6)

The drainage area, river length, slope and runoff coefficient are
given at first, ’

‘The Flood concentration time 1s cAléulated by Kraven's formula,

Thé‘pkbﬁablé basin éveragé‘14day“faihfallhis'éiven”by'bdﬁﬁéttiﬁ94
the probable 1-day point rainfall of ‘the répresentative station'
into the areal rainfall through Horton's formula against the

drainage area of the subject basin.

The probabié'faihfall'intensity ~ duration cutves of Legaspi are
revised with the ratio of the probable basin average l-day

_ralnfall obtalned above to the probable 24-hour rainfall-given by

the original curves in order to apply to the ‘basin concerned.

The bfbﬁable'avérage rainfall intensity ‘during the flood

- concentration tine t6 be sibstituted to Rational formula is given

by;the above revised rainfall intensity - duration cirve agalnst
the Flood concentration time. '

The probable flood peak runoff is calculated by substituting the

drainage area, runoff coefficient and the rainfall intensity given
above to Rational formula,
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(7} Abové calculation is made for every return perlod and every base
polnt. : C '

. s g

The results of calcuiatlpn are sumarized in TABLE-I,13,

1.2.6.4 Examination of Results ;'_; et
. The . probable peak: runoff is derived. from the probable rainfall and
also soine assumptions such as, the depth-area—duration are accepted,
The results therefore sh0uld be examined by propeér way.
_ FIG.-I 22 shows the specifac discharge dlagram of the Philippines,
of which data plotted ‘ate the recorded maximum Specific discharges of
the rxvers all over the Philippxnes.

‘The figure {llustrates the comparison betwéeﬁ‘the,recoréed_maximﬁm

.specific discﬁarge and the S0-year probable specific discharge

calpulagéd in this,é;udy.-,The caleculated values:are:expécted_gé,bé‘

within a réasonable range béCauSé the recorded data have a return

period of abgub_30:to,ﬁo-yga:;after Hazen's aﬂd HQibUl1'S plotting -.;.

position and also the ¢bnstaﬁt of:Creagprfs,envgloping curve is 60, %%%
which is ﬁighiﬁ the :éaSOnable range from 30 to 100,

-1 2.7 Construction of Fiood Hydrograph
- For the estlmation of flood sedlment load, inundatian depth and
area, epo,,:flgod hydrograph is required. As_the_probable flood peak
runoff has been already estimated, the shape of flood hydrograph can be
define@ by giving functions of fislng and EaiLingulimbs,; Nakayasu's
unit'hyﬂrogfaph formula is em?lOYed'Eor this Stud}, which is commonly
aﬁplied for the small scale basin such as the’pfesent study basln ﬁlth
no, data on .flood hydrograph Nakayasu 3] formula is expressed by the
following form. .

s

b
.%th‘
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Rising 1imb: /Omax = (t/Tl)z'é"'

© Palling Mmby
B >0/Qmax>0 3 Q/Qmax
0;3 > Q/Qmax_zo 32 Q/Qmax
032> o/gmak - ofgmax

3“5 Tl’/To 3
0. 3“:-'1'1) + 0 5 To 3/2 0T 0 3

0

where, Q'nax is Elood peak runoff, @ is flood runoff, T is flood

concentration time, T 0.3 ie time required for £166d runoff to be

equal to 0.3 times of peak runoff, which g usually taken as the- time
equal to T1 ' '

‘The shape of unit hydrograph defined by Nakayasu's formula is
schematically illust:ated'below.

.88
L

It\‘.x

|

Y Tes 1.5%.3

' Regafding to the rainfall, the probable hyetograph is ptoduced
from the probable rainfall depth = duration éurves at Iegazpl
constructed in the previous sectiOns, by using a critiéal arrangement
method. ' ' o

The probable hyétogfaphs'éfe 5hdwn'in'FIG;;I.23.

The £lood hydrograph 1s generated using Nakayasu's formula and

' probable hyetograph so as to’ haVe ‘the tequired probable flood peak

runoff by a trial and érror method.

'Flood hydrographs constructed are shown in the teapéctive chapte:
¢oncerned as requlred and not " presented here, - R :
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1.3 'Draught and Low ?10@ Ahaleis:
1.3.1 Draught Ftequency Analysis _

The draught analysis is essential for the irrigation devel.opment {f
scheme. In this study, 1oa - rainfall amount and low fiow in the area
are statistically analyzed: with Weibull's extteme value ftequency '
analysis method which is- applied Eor the statistical analysis of annual
minimum events.

As for low rainfall, annual rainfall and annual minimum monthly
'rainfall are analyzed for three stations of Guinobatan, Tegaspi and:.
Malinao which will be the meteorological key station for irrigation
developnent scheme, FIG -1.24 and FIG.-1.25 show the draught frequency

curves of Low tainfall amount. . .

Then, low flow is analyzed on the annual minimum monthly mean,
FIG.-1.26 through FIG.-I.28 show the results.

1.3.2 RéQIOnél Draught Freguency Analysis

In the 1rr1gation development schene, some base points aré located
in the ungaged basin and that the ‘draught analysis is required. One %?-
procédure désigned to overcome this problem 1s regional draught '
frequency analysis, Records from a number of streams are assembled.
Plow data are made nondimensional by div1d1ng by the mean annual
draught runoff with a.return period of 2. 33-yr for the station.. Median
ratios for each order nunber are then plotted and a reglonal curve.
fitted, - FIG.-I 29 shows the regional draught frequency, curve of annual
| miniﬁum monthly runoff consttucted in the Quinali (A} River basin s
enploying the Naéisi, the San Frauc1306 and the Cabildgan River gaging
stations which haye abprqpfiatgﬂkgCO:dg.::Thepg‘a<re;atign,Qefining'the
mean annual.dféught runoff is reduired, and thié'is'often glven by a
simple rélation betﬁeeu mean annual. draught runoff and drainage area.
FIG.;1, 30 shows ; this relation cOnstructed for the Quinali (A) Riyer
basin,

e Finally, the frequency curve for .an ungaged basin is constructed
by first determining the mean annual flood and the converting the ratio

14—



o

scale of the reqional frequency curve to runoff by multiplying the
ratios by the estimated mean annual draught runoff

But,_it should be noted that the weakness of the regional .

Etequency approach lies in the assumotion that ail streans will show

the same var1ance of the tatio to mean annual draught tunoff.

1. 3 3 Dralnage area-RunofE Relatlon - ‘ _ ‘

In general, the low flow rate is roughly defined w1th a function
of drainage area. The construction of dralnage area - runoff relation
is useful for the estmation of runoff in the ungaged basin., The
réelation is usually expressed by the egquation of '

Q=a . Al

where, .
Q ¢t runoff (m3/sec) '
A

drainage area (km?)

a, n: constants
FiG.—I.31 shows the drainage area - annual mgan runoff telation

curve constructed for the Quinali (A) River basin. TABLE-1.19 lists
the monthly mean runoff at each station.
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1.4 Sediment Analysis

1, & Suspended Load S
. As stated before, the measurement records of suspended load ate

available at two stream flow gaging stations, that is, the Quinali {A}

River at Busac and’ the Talisay River at Allang since April 1974, 'The

measurement 1s conducted almost onCe a month The records obtained are

plotted in FIG. ~1.3% and FiG.—I 33, ' T '

In general, the sediment discharge is correlated with ‘the watet
discharge by the équation. ’ f o S
08 e ki o
where, . ‘
. . Qs': sediment disdharge (tons/day)
Q0 1 water discharge (m3/sec)

K, n 1 c¢onstants

The constants, K and n, are'déffhed‘by Ehe‘ébséryéd;data. n is
known to be 2 to 3 statistically. - In this studi,‘K'is deternined
taking n as the value between 2 and 3 because the data are dispersed on
the’ log—log paper “and thus n, that is, sldpe of the straight line is
aifficult to be’ difinéd without some instructlon. The deternined K and
n are shown in PIG.-1.32 and FIG.~1.33. o -

The annual suspended load amount is calculated by converting the
daily water discharge into the daily suspended load using the equation

explained above, that is, suspended load rating curve.

TABLE-I1.20 shows the annual suspended loads calculated under the
 present river conditions for the Quinali {p} River at Busac and for the
Talisay River at Allang. The mean annual suspended loads are estimated
at 86, 400 n3 at Busac and 131,000 n> at Aiiang. The.spedific

suspended loads are 370 m3/year/km2 and 1, 450 3/year km?

respectively. But, it should be’ taken account of that the used
suspended load rating curves are made based on the data below 13
m3/sec in.water discharge, while the recorded runoff sometimeés

S L




exceeds the limit, éspecia!ly at Ailang.' Theteforé, the suspended load
estimated for the Talisay River at Allang fiay be very réugh, while that
for the Quinali River at Busac is considered to be ¢correct.

1.4,2 Bed Load _

No bed load meaSurements have been performed in the pro;ect area
so fax, ' The bed load theréfOre is obliged to be estimated by the
apptopriate foriula using the sieve analysis results of river bed

materials.
The éstimation is made for the Quinali River at Busac, the San
Agustin River at San Agustin and the Talisay River at Bacolod to grasp

the bed load transport amount under the present river conditions,

Einstein's formula is one of the most popular formilas to

‘caltéulate the sediment load using the given grain size distribution

curve, and which is adopted for the present study.

FIG.-T.34 shows the bed loads calculated by Binstein's formula
undet'the present conditions: for the different water discharges and the
bed load rating curves fitted assuming that the same equation as the

'suspended load can be applied to the bed load. The annual bed load

~amount is calculated in the same way as the suspended load. The graln

size distribution of QA-4 sleve analysis site is appl{ed to the quinali

‘River at Busac, QA-2 site to the San Agustin River at San Agustin and
' P-3 site to the Talisay River at Bacolod. The grain size dlstribution
curves are shown in FIG.-I.35. o

“fhe daily runoff record is available at Busac and at San Agustin,

but the Talisay River aE'Bacqlod has no runoff records so éhgt the‘

runoff at that site is ptoducéd-b& multiblying'the runoff. at Allang by
the ratio of annual mean runoff read out from FIG.—I 39 to the
respective dralnage area.

The results are arranged in TABLE-I.21, Mean annual bed loads are
estimated at 16,600 m3 at Busac, 1,800 m> at San Agusatin and 1,100

n3 at Bacolod. The differences among these values may result from
the difference of the mean grain size used in caleulation,
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-Compared'with the suspended: lsad amount ;- thé vsluezfor Busaé: pay.
-be reasonable because the. -bed load:amount is usually estimated at .10 to
20 percent of the suspended 1oad. amount statistically. o

1.4, 3 Comparison with Other Rivers in Luzon _

. In ordex to. examine the results of sediment load calculatlons,
information provided- by the National IrrigatiOn Adninistration on
_ sediment yields is given below as specific annual sediment yields for
rivers in Luzon.

. SPECIFIC ANNUAL SEDIMENT YIELD IN LUZON

Name of. River . ... Drainage Area - - Yield . Record
| | (kn?) (m>/yr/xn)

fbulao R., Hapid . . .- 606 - . ..-292. . 1972-73
Siffu R,;;Munoz - . |, .. . . - 686 - - 292 .. 1965-70

Chico R., Pasonglao . .. . 1,987 - .. 580 1963-70

Bokod R., Bokod 48 : 274 1963-69
Ambayoan R., Sta, Maria . . . 281 - . ..379 1963-71

Agno R., Carmen Rosales . S 2,209 . -38 . .. 1954-71

Camiling R.,:Nambalan ... - . 142 . 132 ... .. 1963-69

Pila R., Pacalay. . . - 126 - C3L . 1963-71

purac R,, Valdez - .. ... 118 .. . . 66% . - 1963-71

Santor R., Guyago . .. . - 89 - 15 . 1965-72

Cabu R,, Cabu -, . 143 204 . 196372

Pampanga.R., San Antonio. . 2,851 . . . 798 . . . -1963-72

- pampanga R., San Vicente 3,467 - . 441 . 1963-72
Rio Chi¢o R., Sto, Rosario 1,177 167 1963-72

?ampanga R.; San Augstin Lot 6,487 0 ; 317 '1963—?1

ouinali R,, Basac = 77 a3y a4k - 1954-78

As seen in the above table, the sediment load of the Quinali. River
at Busac ls estimated within the reasonable range compating with other

_xivers fn Luzon.

~18 -
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I, GEOLOGY

Géblogy'bf Méyoﬁ Voléahb‘and its surroundings is largely '
classified into Pre-Mayon's rocks and sedlmentary rocks, voleanic rocks
and alluvium. ‘ ‘ :

They are sub-classified as follows and explained individually in
rather ' detail. = {(Refer:to “Geologlcal Map® in the maln’ report)

2.1 Pré—Mayon's Rocks and Sedimentary Rocks
(2) Limestone (I}

- Grey or dark-grey liméstone, sometimes intercalated with sandstona
are developed on the low hill area of elevation'about 200 m in south of
San Vicente. They were formed in Miocene-Pleiocene poeriod of
Tertiary, Their general sfrike is WNW-ESE, dipping 30° to south.

(b} Andesites (I)

These are extruded in Oligocene to Miocene Epoch of Tertlary and
named.as "Daraga Formation™ by Corby {1951}. They are mostly of
andesitic or dacitic lava (partly including rhyolite), agglomerate and
pytociastic material; sometimes intercalating conglomerate, sandstone
and shale.--They éte distributed on the hill area .in south of Legaspl
city, hills in north of Sto Domingo and on Mt. Bulakawan in south of
Halilipot. They are moderately consolidaféd and are cropped out as

soft or hard rock.

{c) Limestone (II) .
Limestone formed in Pleicene Epoch of Tertiéfy i1s named as "Ligad
limestone”. Foraninifera, calcareous Algae and Bchinodermata remnants

are embedded in caleareous silt under microscopic observation.

Nephrolepidina, Discocyclina or Amphystegma is sometines observed 1n
poorly resetved state,. : They are found in the hill area, south of Ligao
and southwest of Camalig.

{d) Sandstone‘shéle alternation

A group of sandstone'shale alternation was déposited in Oligocene
to Pliocene Epoch of Tertliary. Those distributed underneath limestone
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' in the hiills in south of San Vicente was formed in Oligocene to:
Mlocene of Tettiary. The others was in PliOCene Epoch These

: alternatton ate: develoged in hill atea from San vicente 23] southern
. hills of Lake Bato and on the southern hills of- Camaﬂg.r The latter
contains limestone and calcareous slltstone intercalation.

(e} . Andesite x0ckq {11) -
These. are group name; oE volcanic rOcks formed ‘in Miocene to
3P1eistocene EpOCh of Te:tiary, comprislng andesite~, daclte-lava,
agglomerate and tuff,

- Low hills of'Kllicao!1Mai90n,'Bubulusan aﬁd‘hmtiolafe.COVQréd with
_ash:fallideposit'ftoﬁ Méyoh Volcano for {ts greatér’pait;‘ An altered.
_ volcanic rocks of unknown age,are‘undeYIYing.- Rhyolité is found on the
‘ Tancalad,hi11 héar Bantayan. - It possibly forms volcanic spine. . '
"Andesite is e#posed on both sides of the Quinéii (Bj.River, close to
'Bantayan_and southwest of Tabiguian, providing favourable construction
site for Sabb dam. -

Miéroécopic study on the'lava'rock, sduth df'Pblangui reveals that
rock forming minerals are plagioclase, augite and other: opaque minerals
‘and -that ‘secondary minerals are chloritey actlnolite, sericite, calcxte
and serpentive. - The rock c¢an be identified as augite—andesite, as same

as the andesite of Mayon Volcano, though partly altered.

2.2 Volcanic Rocks of Mayon volcano
{a) Lava - _ ' , : .

. Lava rOCks.df Ma§0n;vo1cano fs A-A lava with rugged surface and
coke-1ike texture. .. They. are andesite or andesitic basalt. They can be
'identifié& as augite andesite of hypersthene-augite andesite. Most of
" the lava‘flowéd 6ﬁt'from the ceatral Cratér; some ofrthém flowed out .
-éfrom fissures at elevation 1,300 m on the eastern slope. - The lowest
end of the existing lava i8 at an elevation of more or 1ess 200 m, &
Most of the lava flow terminated at an elevation of 400 m - 500 m..
Lava, extruded in historic age was mostly. flowlng to east, south or:
southwest dlrections,

I T N R
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- These 1ava flows are. hard. and solid rock and mostly filling up old
gully channels. There are much debris produced by chllled effects in
the edge of lava flow on both sides of flow channels. Mud flow or
debris avalanche are Otxginated in these debris. Especially; in:the
lower reach of the southwestern lava Elow, extruded in 1978's etuption,
may provide new debris flow In near future.

(b} Pyroclastic flow . o )

Pyroclastic flows in Mayon VOlcano we:e produced by glowing cloud,
ash flqw and scorla flow. They are neither stratified nor_welded
sediments, comprising breadorust bomb, lappili and blocks inbedded in
ash matrix, sometimes include carbonized Qood.fragments;

_ :These pyroclastic flqws'sge‘developingrih the range ofrélevation
1,300 m.down to the skirts of the_slops, They fléwed in stfip'shape'on
the upper, slope and in fan shape on the lower S1ope. Their thickness
_ is variable between one meter -and several meters, thxnner on a steep
.slope and thicker on a gentle slope of lower skitt.

Most of pyrsclastic fiows in historic age are flowing t@wa:d_EASt,
south o:tsouthsést, the same directions as in the case of lava flows.
Glowing.qloud wete_oftén'técOrded in the éast ethptibns._;ﬁspecially,
emission of gléwing cloud in 1897 caused a damage of 212 death in-Libog
“{8to. Domingo)}. Pyroclsstic Flow deposits newly formed are very loose
and non—resistive against erozion, and those in the upper slope of
higher than alevation 600 m will possibly cause breaking and debris

flows under heavy rain in future.

{a) Ash fall deposits NP ; .

These are well-bedded sediments of breadcrust bomb and ejectamenta
materials, Volcanic ejecta of bigger size are usually‘deposited within
1}000_m rsnge_arOund crater., 1t is reported:that_volcanic bomb of 10 -~
20 om in dlameter fell.on Budiao village, 8 km apart from the crater in
191§'s e;pption.. Lappili ig usually ejected within 8 ~ 10 km range
from the crater, . Volcanic ash is sometimes spread over as far as. 1¢0
km or more in dlstancs.
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Prevailing directlon oE volcanié ejecta (espeoially volcanic ash)
&an be- classified into’ Eollowing seasons. .

June to:November:"Ash:ié”tfanéﬁottéd tolndrthéast°(Tabac6'éltéj
by‘southﬁéét Monsoon. In ¢ase the monsoon is dropped, the
ash is flown to south westward. ' T '

November to Maréh- Ash is’ transported to SOuthwest by northeast
Monsoon and northeast Trade Wing,

'Apfil—ﬂay: ‘Monsoon wind dtops in these months. ‘The ash is
transported to southwestward '

Aitfall ejectamenta from Hayon eruption is usually deposited as an
~'a1térnation 'of 'volcanic ash and lapp;lx in 1 - 2m thick. These

- airfall deposits oh both banks of gully belcw'éiEVatioh”of 600 m

becomes thinner in lower slope and thickner and mQté*66mpacEed in upper

slope. These_airfallidépOSits of well-consolidated and Older o6ne, ean

bé used as basement rocks for small—scale Sabo dam, though less

- ‘résistive-against erosion. - These well-consolidated airfall deposits é%i
are éiposed at high cliff of 10 = 20 m high on thé riverside. Around

Balaigang, east of Mayon Volcano, there devéloped aicfall deposits of
~wéll-éondolidated all alotig surface to bottom.

(d) " Talus IR _

The talus comprising’ejectéd talus, airfall coarse deposits and’
sméli size lava flow, develops over the slope above elevation 1,000 °m.
These areas are mostly batfen ground and naked ground bétween summit -
and an elevation of 1,850 m and grass land in thé lowsr elevation,
4?1‘)3 Hud:fldw“aeposits
' VOlcanic mad Elém is f0tmed in various modes of 00currence:"(1)

“ maddy” fatérials ‘aze flowlng out direéctly From craterj” {2) -éruption in

the' bottom QE crater ‘lake causes overtopping at the crater wally’ (3)
vbichnié=AShfdépbsited-oncé'on?tﬁe‘siépé'ahd'produéea mud- £1ow ‘wnder -
heavy rain; (4) Pyroclastic flow debauches in swamp, gully or lake and
'spills out mud frow. ' o . :

e

- 22 -



In case of Mayon VOlcahb, mud Elow of_ébové_item (3),£ake3'paac§;
Pyroclastic materials ejected from Maybn'vblcano are deposited on the

slope, and then moved again as-a mud flow by torential rain._

Occutrence of mud flow is not always aasociate directly with eruption.

Mud flow sometimes cantdins well—beddéd_depds!ts but.py:oclastic
flow does not contains such a deposit, Mud flow deposits are dé#eloped |
on the slope of lower than elevation 800 m, usually below elevation 500
m, covering most:of.the skirt of’vbléano. Thickness of a.sheet of mud
flow is usuaily'between imand 10 m, thinner bh upper'31ope.and '
thicker on lower slope. Mud flow in 1766 had a thickness as high as
top of: coconut tree; Mud flow in 1814 burr1ed Bubulusan, Cagsawa and
Budiao villages with a depth of 10 - 12 m,

2.3 Aalluvium

These afé sand and gravel bed which was removed from old mud flow
deposits, transported by torrent and redeposited on.the downstream
fiverbed. Major components are subanguler or subrounded gravels'in the
upstream reach and sandy material with volcanic ash in the downstreanm
reach of the rivers in alluvial plain, ' Plat plain is covered with ash

and silt layer of several to 20 cm thick.
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 III. LAND EVALUATION

3.1 Methodology

AISeries 6f evalﬁation ﬁaps'are devglope& by'0verlay1ng the
bbegraphic analysis data on the basic data such as land
classification, land usé and devastation.

The flow chart of the land évaluation study is shown below.

- FLOW CHART OF THE TLAND EVALUATION STUDY

Basic Survey _ Land Evaluation Study’

[ Land ciaséifiéatiﬁn}—;—;Hm__;' '

[rnand use }

—[Debris f1ow potential evaluation)

[ Devastation ]} —

| Debris flow damage.
poténtial eValuation

[Elevation}-

Aspect -a{PloOd poféﬁtial:evaluation]
mLJBasin F- -—{Sediment yield éValdétion_]

Elevation]—]
Rivér QOrder

The baslc envirOnmental variables appliéé for the land gvaluétién
study are listed as followst
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B.

C.

D,

1.
2.

3.

| BASIC ENVIRONMENTAL, VARTABLES FOR LAND EVALUATION -

proéréphié elevation . .V"';':' . -éi
Slope , Cos o s RSN _

1. 0 - 2% 5,21 =308 - 9, 76 <100% o

2. 3~ 5 6. 31 - 40 10. more than 101

3,006 10 70 4L =50 e

4, 11 =20 8, 51 - 175

Rlver Order

Pirst o:der 4, Pourth order 7. None
‘Second order' 5. Fifth order -
Third order 6. Sixth order

ALand c13331fication

1;-'Lava (new) S SR - 10, hlludial (Low)
2, pava (old) . oo o 11, Alluvial (high)
3. Volcanic fan ' L 12, _Fan ~1ike lowland ‘
4..€Tertiary mounta1n (Vblcanics) i3;- Bar %%Q
5. Tertiaty mountain (Limestoue, standstone,volcanics)
6.*'Tértiary'm6untain (Di:ite) ; 14, 014 river terrace
7. High_Tefrace plain _ } 15, Marsh ' '
8. Natural levee _ %_ ,16. Existing river, lake
9. Alluvial (£an) AR
"Devastation s
l. Collapse (Productlve)
2. Collapse {Less productive)
3. Bare land
4, Lava flow |
5. Unstable sediment in transport zone
6. Moderately unstable sediment in transport zone
7. Stable sediment In transport zone
8. Unstable sediment in sedimentation zone
- Moderateiy unstable sediment in sedimentation zone P
10, Stable sediment in sedimentation zone ﬁé;
11, Debris flow {01d) |
12. Débris flow (new)
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3.2 Debris Flow Potential Evaluation - . _

_ As environmental variables conce:ned with mud f10w pﬁtentials. ’
River order, devastation, land classification and slope are. e
considered. Each component of the above vatiables is Weighted as

follows depending on the magnitude. of debris flow occu:rence potentlal
expected.

The next table shows the weights given to the respective variables
as applled in the debris flow potential evaluation.

WRIGHTS EDR DEBRIS FLOW_POTENTIAL:EVALUATION

Weight s 4 32 T T Off
Environmental variable ‘ . o .
River Order !1,2 3 : #,5;§ 
Land classification 1 2,4 ... 2,8,9,
R 10,11,12,
13,14,15,
16
Devastation 0 1,5,8 3,6,9 2,4 11,12
Slope . . vUnder 9%
High Debris flow potential Low

The debris flow poténtial is defined by 5 levels and its areal -

distribution in the project area is summarized as shown below.

AREAL DISTRIBUTIOHl0F DEBRIS‘£LOW POTENTtAL‘

Debris Flow Rumber of célls ~ Area (km2)  Percent (3)
Potential : - {nos.) : T
I (low) e 144,757 447,57 62,1
II — 17,432 174,32 - 24,2
TIII T 5,61§ 56,79 7.9
IV U 2,439 2438 3.4
'V (high) o 1,733 1733 2.4
Total 72,040 720.40 . 100,0
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':3 3 Debris Flow Damage Potential Evaluatibn A

Rivet order, devastation,.land classificatlon and slbpes are
'considered as envirénmental variables related to débris £low damageffﬁ : ‘gg
potentials. "Rach component of the above' variables is weighted as '

£oliows dependihg on the magnitude of debris flow danage POteﬂt1a1 D
expected.

The table be10w shows the weights giVen to the respective o
variables as applied in the debris Flow damage potentlal evaluation.

wEIGH'I;s POR DEBRIS FLOW DAMAGE POTENTIAL EVALUATION

Weight 5 i 3 21 OfE
- Environmental Variable T CoEr
River Order o 1,2 3,4 ' 5 6,7 =
| Land classification  1,2,3 4,5,6 9  7,8,12 10,11,13
AR f ‘ i : 14,15,16
Devasf&tibﬁ 1,5,8 3,6,9 2,4
| | 1,12 . 7,10
Slope ' o g . : Under 5% i%;

High Debris Fflow Damage potential Low

The debris flow poténtial is defined by 5 levels and its areal
disttibution*in the project area is summarized as shown below.

ARFAL DISTRIBUTIOH OF DEBRIS FLOW POTENTIAL

Debris Flow Number of Gells Afea {km2) Percent (%)

-, Potential mosa) . N
 ,1.(109) C '40 384 o 403;34 ﬂ'%' " 56.1
P n I 20,140 ;- 201.40 .. 27.9
T ST 5,002 ¢ 50.92 7.1
cav 4,232 42.32 5.9
v high) o 2,092 - 21,92 3.0
:irotal BT 12,040 . 129;59' .100.0
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3.4 Flood Foténtial Evaluation ' z-f;;:ﬁ;sﬁ SRR NP f~¥

. AS environmental variables. that relate to the Elood potential
evaluatibn, river order, land classification and slope are considered.“
Bach component of thése variables is ﬁeighted as follows depending on

‘the magnitude of flood occuirence potential expected.:

'The‘tablé below shows the.wéights given to the'respéctlvé--
variables as. applied in the flood potentiallevaluatidn.f

WRIGHTS FOR FLOOD POTENTIAL EVALUATION

Weight 5 T4 3. 2 1 off

- Enviroﬂmental Variable 7
River Order e é,é o 1 o 3‘. Li;?;#j ,.”
Land classificatien 10,14 3,8 8,13 7 1,2,4
15,16 11,12 - 5,6
Slope | | 0-23  3-5% 6% -
High Plood potential Low

The  flood potential evaluation is defined by 5 levels and itsg

areal distribution is summarized as shown below._

ARFAY, DISTRIBUTION OF DEBRIS FLOW POTENTIAL_

Debris Flow Number of éells Area (ka)_ : Percent (%)
Potential {nos.) .

I (low) 30,781 © 307.81 42.7
i1 15,585 ~ 155,85 21,7
111 . 19,320 ' 193.20 26.8
o | 5,041 50.41 7.0
"V _(high) 1,313 13,13 _1.8
Total _ 72,040 ' 720,40 ©100.0
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3.5 Sedinent Yield Evaluation

' From devastation map, the sediments yield is calculated for: each -
‘major basin. The sedlment yield ie defined as the amount of sediment i;;
expected to. runoff from land collapse plus the amount of unstable '
sediment in the stream. : '

The depth of collapse and sediment are estimated from the field
survey and aerial photo’ interpretation. Sediment yield are the amounts
expected-to be produced.over a period of 50 years.

. Sediments from land collapse and;unstéblé_éedimgnts in the stream
are’ given {n'TABLE-III'l and IIT,2 respectivéiyfﬁ‘Eétimated'seaimént
yleld is summarized in TABLE-IIT.3 and the basins evaluated are listed
in TABLE-III 4. ' ‘ -
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IV, SABO PLANNING

4.1 Base Point and Sub-base Point - .

Base point and sub-bage point are the points where the sediment
run-off volune, excess sediment volume. allowable sediment volume, ete,
are to be estimated for Sabo planning._ The type, scale and location of
8abo facllities are determined based on the sediment amounts at base
points or sub—base points.

in the Quinali (A) RiVet basin, thé Qulrangai the Tumpa, the
Maninila, the Masarawag, the Nasisi and the Ogs0n (Nabonton Creek)
Rivers are selécted as a river to be designed. The base points and
sub—base poxnts of the respectlve rivers are shown in FIG. Iv 1

In the Quinali (B} River basin, the ubstrésm reach from Tabigfan
is taken up for sabo planning and the base point and sub-base points
are set at the 1ocations as sho#n in FIG. IV.Z.

Also, in the &aﬁa River basin, three rivers of the Anuling, the
Budiao and the Pawa-Burabod Rivers are subject to sabo planning. Their
base points and sub- base points are shown in FlG.«IV.3_

4.2 Sediment Run~off Volume '

: No sedxwent obsetvatlon record for Sabo planning is available
within the pro;ect area and also other river basins in the Philippines
do not have any useful data on sediment run-off for Sabo planning.
Therefore the empirical Eormula proposed by Drs. Ashida and Okumura is
employed in this study. The formula was derived from analyzing the
data over about 40 years in Japan.‘
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It is expressed in the form of

- | .

o S R, '.Izom

wheve, |
-.D,ﬁ' sediment run—off V01ume in m3.

VL_A‘=: drainage area in km2 -

‘Rd: dally ‘cainfall in ma B : )
I,00¢ .average river bed slope from the point concerned up :
‘ . to the point 200 m higher in altitude.
NC‘; coefficient

:'The COefficient is usually taken as 10, but it tends to give the '
excessive sediment volume. Therefore, the values of 10, 7 and 4 are
properly used depending_on_the basin conditiqns in this study,

The sediment tun—off volume calculated by the above formula for'
the respective tivers are summarized in TABLE-IV.1 and TABLE—IV 2 and
shosn in FIG.wIV 4 through FIG.—IV.B diagramatically

‘4 3 Excess Sediment Volume .

Excess sedlment volume is defined as the sediment amount given by
subtracting allowable sediment v6lume from the sediment run—off
volume.‘ The allowable sediment volume means the sediment amount to be
released to mainta1n the lower river channel equilibrium or to be able

to release downstream thhout no p:oblems.

' The excess sediment volume 13 the objective sediment volume for
Sabo planning and it is defiaed by the allowable sediment volume as
mentioned above. It is ‘however very difficult to determine ‘the
allowable sediment volume right fully by ealculation because it is
 closely concerned to the sedimentation in the downstream river course.

In this Study,'the bed load at base point under the oresent_river_

conditions is taken as an allowable sediment volume in Sabo planning
supposing that the bed load sald above i3 allowable to the downstream,

- 31 -



Drs. Ashida, Takahashi and Mizuyama S EOrmuIa 13 employed to -
calculate the bed load amount. It is expressed by the form of

. 2;4/f' .
aQp :12-2_4/i_2: 2™/ TR LIk AL
R O

Txey -
) (l,‘i z. =)

Tk 3 non-dimehsional tractive force
T*a non-dimensional critical tractive force
‘T 3 river bed slope’ R
S .speciflc gravity of gréin-($2.6$:
/4: water density (=1.0)
g : gravity acceleration
&+ river bed gradient
d': grain diameter
At coefficient (=0.92)

The grain size distribution of river bed materials is made based
on thé‘siévé analysis of thé grain of less than 50, S'mm'in'diametér.and
supplementary the cross line method survey of the grain bétween 50 8 mm
and 1, 000 mu in diameter. '

The bed load amount for the design flood with a return pefiod of .
50-yr is estimated for the'subject rivers_and the results are listed in
TABLE-IV.2, o o o

Fihéllyi the excess sediment volume, that is; the'obﬁeétiﬁe?'
sediment volume for Sabo planning are determined as shown Ln TABLE-IV.3,

e Ty
i
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4.4 Sediment Control Plan SR . R _
The sediment qont:ol plan should be eatablished so as to cOntrol
and check the seédiment yield and runoff with arranqing the proper Sabo éi;

facilities in order to redsuce the excess sediment volume at base point
as much as possiblae.

4. 4 1 Quinali (A) Rlver Basin .

The sediment control plans for six (6) tributaries ‘are explained
as below. FIG.-IV.4 and FIG.-IV.5 show the sediment balance diagranms
for without- and with~pfoject obnditions.

:(1} qurangay River o RS
The excess sediment volume of the Quirangay River is 1,77,500 m3
at base point. The natural sand retarding capacity is 28,800 m3
in the No.3 basin(*) and 65,600 m3 in the No.4 basin as shown
in FIG.~IV.1.

Arranging six (6) épur dikes and three (3) jetties in. the No.4

basin, the sand retardsing capacity is. increased from the present

65,600 m°> to 247,500 m> with a retarding area of about 165,000

ne

and an average retarding depth of 1.5 m.
-Consequently, the sediment run-off at base point No.4 will be
xeduced.ftom 260 100 m3 in without-project condition to 78,200

m? (260,100 - {247,500 - 65,600) = 78 200), which is lower than.
the allowable sediment volume of 82,600 m

(2) Tumpa River ; ‘ : o
The excess sedlment volume of the Twapa vaer is 8,500 m3 at-l---:
base point and it is not too large to control. With executing
fifteen (1§)Zgonsolidation;works using coconut. trunk inrthe_ﬂo.z

‘basip,,;hg'1pngitu61na1;gnd_1atera1 epos1ons,in the rivey céﬁrse_.
are checked, of which volume will amounted about 16,800 m3.

'Y B8
(*) Dralnage basin between sub-base point No.2 and sub-base point No.3 ’J§

L
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(3}

4 |
' The excéss sediment volume of the Masarawag River is 199,200 m

' Flnally, the’ sediment run—off at base point will be redsuced ‘from
43,700 m3 in without—project conditlon to 26, 900 n3 which is
'lower than the allowable sedimeﬁt volume of 35,200 m3 :

Maninlla River‘

© The excess sediment volume of the Maninlla Rlver is 5? 300 m at

base point and it is due to the secondary erosion in the
downstream reach. Accordingly, nine (9} consolidation uorks with
crib are planned in ‘the No. .4 basin to mitigate the 10ngituda1 and
lateral erosion. ‘The sediment yield of 57,300 m3 will be

checked with these facilities.

The sediment run—off at base point will be redsuced from 94 000

n? in w1thout—pr03ect condition to 42 600 n> which is more
than the allowable sediment volune of 36,700 m3 However , as

the excess of 5,900 nd will be disappeared by the sand fétatding
function of consolidation works,

Masarawag River
3

and it is relatiVely.laIQe. The Masa:awag River branches into two

" streams at EL, 280 m and those tho streams confluence again at EL.

140 m.

For Sabo plan, the main stream presently in the No.3 basin is led
into ‘the No 2 basin having wider gand retarding area. The sand
retarding_capacity of the No.z basin is satisfactorily enough to

retard almost all the sediment rﬁn—bff from the upper reach and

thus only the bed'lbad ‘will through the No,2 basin, Tts amount is

estimated at 58,300 m3 assuring 23 of bed load concentration

(5.7 kn? x 511 m x 10 % 0.02 = 58,524 n7), Accordlngly, |

the sand retarding volume in the No.2 basin Is expected to be
300,100 m3 (358,400 - 58,300 = 300,100) providing the pr0per

" 8abo Facilities. Then, the river channel in the No.4 basin is

unstable and partialy scoured. It should be stabilized.,
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- (6)

_Ogsong River

_the No.2 basin.-

_:For the No 2 and uo.a basin, twelve (12) sPur dikes and three {3)
Jetties are arranged and fOr the Ho 4 basin the consolidation

works wlth crib are pianned at nine (9) sites.' With these Sabo
facilities, the sediment run—off at base point will be reduced
£rom 276,800 m3 in without-project condition to 65 300 m !
which is lower than the allowable sediment volume of 17, 600 n?,

o

‘~‘

)The excess sediment volume of the Ogsong River is 107 800 m3 at

base point. Only the No 2 basin has Lan enough sand retarding

Aarea, but the natural sand retarding can not be expetted §0. much

under the present river condition. The ab0ve sand retarding area

H(is abOut 700 000 m and a large sand retarding capacity will be

created with the proper arrangement of spur dikes and jetties. In
this plan, six (6) spur dikes and nine (9) jetties are arranged in

S

The sediment passing through the N02 basin maf be a bed 1oad and
its amount is estimated at 41,400 m3 assuming 1.5% of bed load

_concenf:.ratidn (5.4 kn? % 511 ma x 10° x 0.015 = 41,391). g

x

;Then, the natural sand retard1ng amount 1n the No 3 basin 1n 3,900

m3 and also the amount of about 9 000 m will be retarded with
two (2) consolidation works with eribs and three {3) ground—sxlls.

Finally, the sediment run—off at base point will be reduced from
140,500 n3 in without—pro;ect condition to 26,500 m> (41,400 -

i_3 900 - 9 000 = 28 500) which is lower than the allowable sediment
i volume of 32 700 m3

Nasisi River

The exeees!sed1ment volume of the Nasis1 River is 1, 042 800 m3

at base point and it ie very large compared wlth other rIVere.

'The sediment oontrol plan for this river is described below from

upstream to downstream._

o
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‘Two (2) ‘consolidation dams combined with spur dike are constructed
in the N6.3 basin because it Is tod dLEffcult’ to' constricted the -
Sabo facilities ih'the'No.i and No.2 basins{='W1£h_£ﬁesé dams, ‘the
‘river channel erosion of 184,900 m? is checked and controlled
and  the sand retarding of 485,000 m3 s expected. Consequently,

" the sediment run-off at sub-base point ¥o.3 will be reduced from
1,001,400 n®. in without-project condition to 331,500 m>,

Then, thiee (3) spur dikes and ten (10) groims are arranged in the
river course between sub-base point No.3 and No.7, and also the
levee of 2,350 m long is constructed on the right bank., With
these works, a big sand retarding basin with an area of more than
400,000 m?2 is created and the sand retarding of 506,200 m> is
expected as well 59 ¢hecking of erosion, The sediment run-off at
Sub-bise point No.7 will be sharply reduced from 1,528,600 m3 in
without-project conditién to 21,600 m,

The 1ntake_ﬂeir of NétfonallrrriQation System about 500 m
downstrean from sub-base’ point No.7 is functioning as'a
consolidation work and then the ovasrflow culvert of Ligao-Tabaco
Nationai Highway is also functioning as a cénsolidation work.
Accordingly, the sediment control of 29,700 m3 is expected by

reinforCLng the said culvert.:

The sediment run-off at base point will be finally réduced from -
1,128,700 m3 in without-project condition to 107,400 m> which

is a little over the allowable sediment volume of 85,900 m3,
Howéver the excess can be liquidated by the consalidation works

just downstream from base point.

4.4.2 oQuinali (B} River Basin _ _ |

"~ ¥n the Ouinall (B) Rivér basin} the rivers subject to‘thé'plan are
the Buang River: and the Quinli (B} Rlver, main course, downstream from
junction with the Buang River. ' '
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. main coutse will ;etard 56 , 000 . m

The sediment COnttol plans are p:epared as explained belew and the
. sediment balance diagram 13" shown in; FIG.wIV.S for without« and o :
*;Hith—projECt eonditions. ;g_& ;,vj epg_:h~r ;L@;x-«g_=ﬁ;; | o -%gr
aThe excess sediment VOlume of thé Quinali (B} Rivet is 176 000 _
m at base point. With atranging four (4) consblidation works in the
dBuang River, the sediment of 144,000 m will be controlled and thus
the sediment inflow to the Quinali (B) River, main COurse, is estimated
at 67,800 m3r,.Also the ‘§abo’ dam of about 8 1Y high proposed on' the
3fwithout takinq into account thé
sediment yield from river bed because the upstream reach from dam. is in
_sthe sediment_deposition zone. .:5,ﬁ5;;+.<

3

: After all _the sediment run—off at base point will be tedsuced '
from 319 700 m in without—ptojeet conditicn to 119,700 m which is
lower than the allowable sediment ,yoluwne of 176 000 m3

4.4.3 Yawa River_Basin #,-A;;; i e
The sediment COntrol plans are established for three {3) _
tributaries, that is,;the Anuling River, ‘the Budiao River and - ' ﬁgﬁ

: ”Pawa-Burabod Rivet., The prop@sed plans are explained belos and the .

: sediment baianCe diagrams are shown. in FIG. -1V, 7 and: FIG. IV.B for
without- and with—project conditions.. - .. -

(llH;Anuling River L énn.'s SRS et
' The eRCess sediment volume of the Anuling River is 329 300 m at
base point. Pive (5) consolidation works with crib ang. spur dike
iﬂiare const:ucted in the narrow river channel and the sediment yield

'~0f 221:000 m3 is checked in the No 1 basin and 126 000 m3 in
the O, 2 basin.-

i .';: I ,~ P b b .
+ i ' ';-;‘»

......

‘,k:from 415,600 m in withqut—projeot condition to 68 600 m3 L
N which is léwer than the allowable sediment volume of 85, 3&0 m3.~,
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(2)

(3)

_Budiao River

The exeess sediment volume of the Budiao River 13 176 500 m3 at
base pointi In the' No.2 basin, there is’ a vast natural sand

'retarding basin férmed by debris flow. Eight (8) spur dikes and
- six (6) jetties are atranged there in order to retard the sediment
more widely and more thinly.

As the: atea of retafaing‘kbaiéin'ie 631,000 m? and it is enough

large to control the sediment run-off, the sediment passing
through the No.z basin will be almost a bed load. Assumlng 1.58
of bed 10ad cuncénttation the amount is estimated at 38, 000 m3

(3.2 km? % 793 mm x 103 x 0,015 = 38, 054)

The sediment run-off at base pOlﬂt will be 51, 800 m3 adding the
erosion of 13 800 m3 in the No.3 basin.

Namely, the sedament run-off at base polnt will be reduced from
234, 600 n3 in Without—prOJect condition to 51;800 m> which is

: 1ower than the allowable sediment volume of 53 160 m

Pawa—Burabod River

'The axcass sediment volume of the Pawa—Burabod River is 371,400

3

m~ at base point.

One (1) eabo dam and four (4} consolidetion wofks.arefplanned'in
the No.l basin to reduce the sediment'run-off and the anounts to
be controlled are 63,800 m3 ana 140, 000 m3 :espectivély. with

_these Eacilities, the sediment run—off at sub~base point No.l is.
' decreased to 913, 800 m3

Then, seven- (7) sput dikes'are erfahéed-ih the No. 2 baein'éﬁd the
sediment of 855, 000 m3 is retardea there at a retarding area of
712 500 m2 and  an average depth of 1 2 m, With this, the -
sedlment run~off at sub~base point No, 2 will come to 58 800 n3
and that at base point will be reduced. from 440,900 m3 in |
withOut—project condition to 58,800 m3 which 18 lower than the

 allowable sediment volume of 69,500 m3
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V.  RIVER _pr’.méme-.:: :

Priaa v il oo

5.1 Estimate of Inundation Area, Depth and Duration

atea, depth and duration are® f0ugh1y estimated Eor the differeht fleod
magnitudes. The éstimation is made for both of the case without and
with projest) ' The estimation methods for the’ respective basins are
explained below. R

5.1, 1 Quinali {A} River basin 1nc1ud1ng the Talisay River
The present inundation area, depth and duration in the basin are
sumnar ized in FIG.-V.1, As seen in- the figure, the inundation in this

farea ‘extends over almost the whcle plain regardless of the ground

elevation.; This means that the flocd water overflew the. 1eVee die to a
lack of discharge capacity or flushed out dué to a failure of levee is
dammed up with roads, railway, etc. at various sites and thus the B
inundation occurs evén at the plarn with relatively high altitude as
well as the low plain. On the other hand, the inundation atea directly
affected by Lake Bato {s not 80 1arge in ‘aréa.

Accordingly, the criteria for calculatidn are constrUcted as B
follows considering ‘the topographic conditidns, thé present situation

of inundation, etc.

(1) TInundation extends over the present Inundatioh area whenever the
inungation occurred. o

{2) FPor the present river cchﬁiticné;:the'fledd‘ﬁatef‘ﬁfained'tﬂrough

the Quinali (A) River does not contribute'thé inundation.'

{3) For the improved river conditiOns, the flcod water drained through
the Quinali (A) and the Talisay Rivers does not contribute the
”inundation. ; ' ' EREART SN

{4) Inundation s not caused by the £lood with peak discharge of less
"'isthan the design disoharge fer river planning. o R e
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{5y Inundation depth is calculated assuming that ‘the' flocd vatee. s
inundates uniformly 0vet the 1n0ndation atea. c

'(6) Duratlon of the inundation is roughly estimated based on the
actual inundation depth and duratiOn wlthout calculation.:~” .

d(?} Estimation is; made based on the volumetric water balance instead

P

of hydraulxc calculation.

'(8) Runoff ccéffjcignnﬁcf fl¢9§;i§;¢°7 1n_volnmq.;:ﬁﬁﬂ

(9) . Duration of rainfall is 3-day,

TS A

e?he'fésaitééénéjsynnﬁfiséd.in_TABLE"Yfli a

‘: - 5«-" FER £ (1 - !,\-:‘j_ ;-".--- :t_'_‘j._

_5 1, 2 Quinali;(B) Rlver Basin i S PP ST
The present inundation, depth and duratlon in the basln are shown .

_in EIG.~V.2; The inundatlon in thls area occurs under the conditions

_basically sinilar to the Quinali (A) River basin, but the inundation

. depth 13 expected not” to increase prcportmnally with increasing of ' %
.rainfg}}gamggn§3juThe_;fdgyrgdinfgll will be dominant for the .
'inéhqét;gﬁ,;jfﬁﬁgn' BT )

T In addition, this area has two Elood1ng area as seen in the
Ufignre.ﬁ The flooding occurs due to a lack of discharge capacity of .
channel‘ '

o ed e

"iﬁeﬁéﬂiteﬁiétfga=¢é1§ulat19n.ar¢.éétérmtneézaswfqlldwsu; -

LAY E R N

(1) Inundation extends over the present inundation area whenever the
inundation occurredﬂf_il;? )

- ::-"f.-:vi_-‘: iy .'1' o Dot B S P B te -;-‘- s, Pt
(2) The £losd. Water drained through the Quinali (B) River does not
' contribute the inundation.

;_‘.7,5'-‘__,-.(3'- T «;;4 ,a ?'5-.‘ ",-2 3 -I.—’:';-:_:; (R & et ‘:':~,'; ' ST A P ’:..i:{A‘::'l iy
(3) The inundaticn is assumed to be not caused by the Elood with peak
discharge of 1ess than the design dlschat@e gor’ river planning. S %;:
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(4)'utnundation depth is calcuiated asSuming that’ the f100d wate:{ _
' 5inundates uniformly over the inundatiOn area. IR E

(5) 5Durati¢n of" the inundation is fOughly estimated baséd on’ the ERER O
actual inundation depth “and duration without calculation. o

{6) Estimatlon ls made based on the volumettic watér balance 1nstead
of hydraulic calculatiOn. _
(7)  RunofE Coéfﬁicient of f;poq_is'bi7fin volume,

(8) Dufétion of rainfall"ié‘i+6ay;-

{3) Floodlng depth is calculated by Manning g formula for the peak '

V'runoff.
The results are summarized_ih TABLE-V.z'thtdugh TABLB—V,§1:¥;

5. 1 3 Yawa River Basin . _ - : o _
2§§ The Yawa River Basin has not so inundated 80 far. HoweVer, the

' £lood runoff will increase with developnent of the. basin and! the heavy_
damages may be caused by:a failure of: leVee in the’ futute.- SIns this
study, supposing a Eailure of -levee as shown in FIG.-V.3 the flboding o
area and’ depth are estimated with hydraulic calculatioﬂ by Manning 8
formula, . But, the levee failure is not caused by ‘the runoff . of 1ess
than the design discharqe Eor rivet planning. Also, the: flooding
duration is estimated at less than {ona day considering the topographlc-
'conditions in the basin,. etc. ; '

The‘results ate summarizéd-in,TABLErV;??and TABLE-V.8, |
5,2 Study of Sedimentation R R Gl
5.2.1. Flood Sediment:Volume ~ . - u o Lo,

Flood gediment volume means a sediment volume transported hy one: .
_flood which is very closely concerned to Sabo. planning.

Y R



_ In this study, the tlood sedimentrvolume in the river watk section o

‘is calCulated by Binstein s fqrmula ﬁor qne flcod hydrograph with a _
_’:xeturn period of So—yéar which s prepafed by Nakayasu s Eormula. The ) i??'
“grain siae is given by the_grain size distribution curve based on thg -

sieve analysis résults'bf:rxver bed materials.,g

'f,g@hﬁftéggiﬁsiafg}éé_ﬁP%l?*Se“@ Sy

P T IS SRR

" FLOGD SEDIMINT VOLUME FOR S0-YEAR CROBABLE FLODD

PPN AP T - 3. [ “;i.:fs
“Flood Peak  Flood Sediment

‘Hémé of Rivéf : _,'Stéfion' L Runoff ' Volune

: I S (m3/sec) o l(m3)
Quinall (A) sta,ie'+_ooo 3,013 3,000
STV 8Rau2304 000 0 1,725 0 <o i 8,000
Nasisi - Sta. 1'+ 000 840 3,400
Talisay ~ Sta. 2 +000 1,9 4,900
Quinali (B) " -Sta, 1 ¥ 080 2,383 1 . 72,800 ¢
Yawa Sta. 0 + 000 2,142 2,300

A PR 8§
Si2:2 Sediment. Balance * '~-"*'-v-~ Coie i i s Bt
oIk is 1mpottant to examine the sedimént balance in ‘the river:

caurse of the rivers which need Sabo works“in their upper reaches.- s

_ ‘Vln thié’étﬁdy;’fhk Qﬁ{ﬂali (h) ﬁivef;’ﬁain ccursé;-théfﬁasiéi-‘ i
TRiver, thé Télisay River, the Quiﬁalx (B) River and the Yawa River are
examined fo: the ptobable floods with: return petiods of - 50~year,
10- year and 1 Ol—year by using Binstein [ formula and siéve’ analysls
results of river bed materials in the tiver work sections. ‘Tha results
"are shown in. TABLE-T. ¢ to TABLE—I 10. T

"From the tables, the f0110w1ngs are noted. - The’ sedimént
transportations in the rivers except the Nasisi River and thé Quinali
{8) River are tOughly balanced taking into account the acuracy 6E the
© present sediment célﬁuiation. wrd ' 5



The Nasisi River and the Quinali (B} River have sedlment -
depositions in their upper reaches according to calculation and this
fact is substantiated with the field survey. '
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6.1 ceneral

vI. AGRICULTURAL BACKGROUND %7777

To investigate the present agricultural conditiohs in the pro:ect

'area, sample survey was conducted 3 times, Erom September to OQtober in
: 19?9 Erom November to December in 1979 and ftom July to August in :

1980. Major parts of the agricultutal information are obtained through'

" tha questionnaifes distributed to eaoh bafangay situated in the pro3ect '

area.: ut of 295 questionnaires distributed, 239 questionnaires

.corresponding to 81% were oolleoted. All ‘the survey “Ttens in the SRR

questionnaires were not’ Eiiled out, The information obtained about
£arm household, land bolding, land tenure, farm input and rice yield is
processed statistlcally.. ‘ :

6.2 'Natutalfbondition”fof Agrioultufe'
6.2,1 soil
‘The interior ‘alluvial plain is predominated by rice field Most
of the steep lands are plantéd with coconuts, citrus and’ abaca. Lava'
areas are’ oocupied hy tall gfasses. i ’ o
Host of the soils in the alluvial plain except those deVeloped
under the influence of the Palisay River are formed A a recent o
alluvium derived nainly from pyroclastio materials.i The soils E
developed under the 1nf1uence of the Talisay River is derived from the

: olastic deposit and 1ﬁnestone and 1s often calicaneons.'” .

The soils in the alluvial plain are mostly well suited for R
irtigated fice cultivation. They are deep and have moderate to high
natural fertility, Surface sofls’ are silty clay to loam and are easily

'puddled The soils in the south of the Talisay River are Very clayey
‘and are marginally or not suited for uoland erops becaUSe of sofl

tillege problems and relatively high groundwater level The gotls {n”

“the piedmont afea ‘are “Sandy loam in the surface soil ‘and’ fave moderate .

to IOééIIY 10” feftllitY-' The soils in or neaf valleys of MaYOn o

_and 3. 3 to 4 1 below about 60 om’ deep. '
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6., 2 2 Water Reseurces for’ Irrigation

_ ' The water resources of existing irrigatiOn systems almoSt depend
-on surface water of the major tivers and their tributaries in the

‘; Lo

3‘prejeet area and are summarlzed in TABLE~VI 1.

W

- Tte average seasonal stream flow at the Quina11 Gaging Station
;installed on the middle reach of,the Quinali‘(a} River is est;mated to
'tbe B 10 m /sec in the wet_seaSOn‘(June,v January) and 5 75 n /seo ¥
| ry, | 'son (February  May} . There is no available data on ;;Tt
stream Elow-fo tne Quinali (é) river._ On fhe“basls of the data 0n~£“ 
”stream flow EOrithe Quinali AA). Rivet, therefore, the average seasonal

stream flew at Bantayan is estlmated at 1 73 o /sec 1n the wet seasbn-
_Iand 1 03 m3/sec in the dry season. The major water resburces oE
existing irrigation systems in the Yawa River basin and the East and
North-East area of Mayon Volcano are spring water produced constantly

‘=.'.

in the slope of Mayon VOlcano.-
6 2 3 Water Quality v : i . S
“As for the water quaiity oE the Quinali (A) River and its . »
tributaries, there are available data such as results of chemical
analysis and electrrc conduetxvity tests, as shown 1n TABLE~VI 2,
'although these data have been taken at a few sites on the Quinali (A)
Rlver and its tributaries.tf

FEE R T R I S PRSI SRR
e

The evaluation of water quality is carried 0ut by reEerring these
;data to the standard ef the U 5 Salinity LabOratory, especially, in
#iew of total concentration of soluble salts, sodium adsorptiOn ratio
| (SAR), and c0ncentration of borou.: In result, the surface water can be
'xused for 1rrigation without any harm.'- '

he\ratio of the number of farm hou :

.,c'ff¥.» R

_ fthe questionnaires. As shown 1n TABLEPVI 3, the total number of the
farm household in the project area in 1980 is estimated at 39 190

-~ 45 -
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6.3, 2 Land Holding and Land Tenure iy Gep e s
Land holding and land tenure of the agricultural land in the

_ ptoject area are estimated 1n the same way. as that. for the farm '

household. The results are presented in TABLB-VI 4 and Vi. 5.;

" The average farm size is about 1 2 ha indluding rice field, upland
field; coconut field, abaca Eield and citrus Eield, while about 60% of
:the total farm househeld has ai area oE less than O 9 ha. In respect
o land tenure, only 13% of: the farm household are ownercultivator. S;
The remaining 17% i3 amortizing farmer, 45% 1s leaseholder, 16% is _1:
sharetenants and 4% is. mixed tenure.n;:- S

. The share~0r0pping arrangement or rent for rice cultlvation in the_
project atea can be divided into two systems, Ao sharing system and
leaseholder system.: In the sharing system, tenants share. normally
about 50-60% of the. total farm products and 100% of the production
cOsts.. he leaseholder system. has the fixed rent which is assessed
. according : to the law at less than 25% of the average normal harvest for
-the past three. crop years preceding the date that the leasehold As -
estab11shed._ The rent is paid in cash or kind after deducting the
amount: used for;seeds and the costs of - harvesting,.threshing, loading,
hauling;and‘pfdeessing_ﬁhicheVer1is-epplicab1e,

6.4 -a@:icuifusai Production: - oo il ..o
6.4,1; Land Use . o - . e

. The present land use in. the- proyect area was ‘surveyed by
_interpretation_of_aerial photOgraphy.taken in 1980.with a_scale of . -
1:25,000.énd:by ground check;JrThe resuits are presentednin'TABLEeVI.G.

The agricultural land is 44 712 ha. consisting of 21 714 ha of rice
field, ,879 ha of. upland, 20, 866 ha of coconut field, 131 ha of : abaca
fieid, and. 122 ha of citrus field., The natiOnal and. communal irrigatien .
'syatems cover about 2,400 and 10,000 ha of . rice field respectively. O
~The remaining rice flelds are mostly cultivated under rainfed condltion, .
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N The non-agricultural land totals 25 190 Ha including 10 182 ha of

"r'Eorest and’ 7 ?20 ha‘bf grasé land Due to the limttations such as _

: 'slope and? soils, however, thése areas are mostly 1ot ‘sl table’ for o 532
; 'Eurther reclamation to arable lénd.~ ~:;_€‘1"-=ﬂ'“ o f*’”';j“' 

7?6i4 2 Croppiﬂg Pattefn of- Rice
‘%0= The ctéppiﬁq pattérn Of rice 1n thé project atea is restricted hy
B fthe rainfall pattern.. Nérmally, the start 0f thé land preparation stich
as puddlinq coinoides with the’ start of the ‘wet' season.3 Typhdon and - -
‘flood séasons alsé inEluence the cropping patterns Of- rice._ ‘The rice
"'cultivation areas are grouped into three areas according to- thé

:.cropplng patterns, .e., Quinali (a) River basin, Quinali (B) River

r4basih and Lake Baté” flood areas. The Quinali (h) R1Ver basin éovers

the’ Bastern part of Mayén Vblcano and the Qulnali {a) " RiVer flood

' plaiﬁ. ‘In this area, double céopping OF tiée, ag shown in FIG.-VI 1

o is practiced.e The sOwnng ‘of 'wet ‘S$eason riée starts in April. and ‘énds -

C . in June. The harvest ‘starts:in August and’ ends in October._ The 50wing
'ﬁf0r dry séason rice cultivation starts-in NOVémber and - énds’ 1n
rJanuary. : The: harvést season is ftom March to early May.-~r.-_if5r,’f::

. The Quinali (8} Rivér basin covérs thé Southern and Eastern parts
of Mayon volcano and’ the. Quinall (B)’ RiVer fl60d plain, "In this area;
‘the rice cultivation starts one month earlier ‘than in the Quinali {AY
Rlver bas‘n because of more: rainfall in the &ry season. ‘The Gouble’
cropping of rice, as shown in FIG ~VI. 2,_13 coOmmonly practiced in’ thls
_ area._ The sowxng of wet season rice starts in: late HMarch and ends in.
'.Ma The harvesting starts in AugUSt and ehds in September. The dry
‘season riée is sown- from Gctober to Hdvember and is harvested from ' late
_ Fébruary to early April.
et ;J;1-+'¢J TLsrqwa- N
-, About 1 000 ha: ad;aéent to Laké Bato is sevérely flboded évery
Vrﬁyéar,*whéré Oﬁly siﬁqle ri¢e cultivation i3 praeticed. The sOwing of
: rica is done in April and harvesting is fram late July to August.

$’ff‘!-i:;ifi,n-}"(;;fi\:f.-—'—_g ‘._-,,: R for .
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6.4, 3 Farming Praetices and Parm Input 1n Rice Cultlvation ES TR LT
Farming practi¢es are pertially mechanized. Plowing 15 done for

E most cases hy carabao. Puddling is done by carabao or hand-tractor

attached with puddllng wheels. ACCOrding to the. information from the
provinoial BnEx (Bureau oE Agrieulturl Extension) officials, the number'

- of - the- hand-tractors in Albay Prevince 1n 1980 is 169, of whxch 622 are
‘_'possessed in 4 municlpallties situated in Quinali (A) River basin, -é‘?

namely, Libon, Oas, Polangui and Ligao.‘ Weeding is done moetly by
hands. . Herbicides and’ rotary hand weeders are used eubsidlary. w:;;fr

The compressed air—type sprayer is: mostly used for the pest and

_dieease control; The number of the sprayer in Albay Province in 19480

is 3, 111, of which 1 313 are’ in- the said 4 munioipalities.3 Threshing
is done for most - cases by thresher.: The number of: the threshers in -

Albay Province in 1980 13183, of which 114 ave in’ the saidd .
,municipalitiesr, SR e R : L

Improved high-yielding varieties such as IR-36, IR—42 are the .
major Varieties of: rice in the pr03ect area, Planting density 13 20 em -

X 20 G in most cases.:;=iw R N O

. . Dhe . survéy*bf‘the amennt-df farm’inputiiS’maae'en the'rice,’;;iﬁisi

-because fertilizer application is the commOn agricultural practlees for

rice_rn;the:project area., The amounts of seed and fertilizers were !

surveyed- b&’tﬁe qnesttonnaires. Other itens- wete surveyed by
' 1nterviews with extension workers of the’ BAEx. “The reaults of the :

survey by the questlonnaires are presented 1n TABLE—VI 7.- The average:

uses of. fertilizers in the Quinali (A) River basln are 76 kg N/ha, 16
_kg ons/ha and a Kg Kzo/ha, and those in the Quinali (B) River @

basin are 67 kg N/ha, 18 kg oné/ha and 5 kg K20/ha.' ri

6.4, 4 Rice Yleld and Production .

Irrigated rice ylelds 1n 1979 and 1980 were surveyed by the

questionnairee in the project aréh “The aampled area, their production
“and the yield of each munieipality are presented in TABLE-VI.8. The

.48 -



'*:average yield of palay in the sample area sxtuated in the Qulnali (A)
'*;aiver basin was:4.0; tons/ha in the dry season in 1979, 3.5 tons/n4 in

B f‘_the wet SeaSOn 1a: 1979 and 3 6 tons/ha An’ the dry season in° 1980.. That _ é%i

in the Quinali (B} River basin s 3 4 tons/ha in the wet SeasOn, 19?9

: B and 3 3 tOns/ha in the dry season, 1980. The yield 1n the dry season

-?1n 1979 was 3 6 tons/ha according to ‘the' report on MaSagana-99, Phase
X {November, 1978° to June; :1979) 3" The average’ yield OF paiay in’ al
._sample areas is estimated at 3 5 tohs/ha in the: dry season and 3 2"
‘tons/ha in the wet sbason. It is consldered that the high yield of

: palay in 1979 can attribute to high dosage of fertilizers, ‘the well '
”extens£0n services and fIOOG-free condltiOn. i L

_ Taking into consideration the actual harvested area, annuvali:

= production of palay4obtained from the project area is estimated at:
about 70 900 tons, ‘Wwhich: is 1 3 ‘times of the estimated consumption of -
palay in the project area._ ‘The results of estimation are swnnarized in
. TABLE-VI.Y. - | ' '

Damages to rxce by pests and dlseases are slight in the project
' area. The affected rrce field by pests in Albay province in 1979 were ag@
' 2 400 ha hy rodents, 306 ha by stem borer, 240 ha by ‘whorl maggot and .
80 ha by case WOEm: Oult of 25 000 ha rice field. Damages: by diseases
iwere very little.‘ Ma]or rice diseases are tungro, leaf spot and

.bacterlal leaf blight diseases." Farmers apply insecticides normally 3

to 4 times against stem borer and whorl maggot for a preventive measure.

6.4. 5 Other Crop Production g L R el e
d : Coconut is also the most important crops in the project area.ﬁz'f

' Coconut is planted in upland field with :deep soil and good . . U
.drainability. Hajor upland crops in the projeot area ‘are maize,_.'i{«f

cassava,'sweet potato, vegetables, banana and citrus,
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