coeonuts are planted On 21 200 ha, from which abOut 20 000 tons of_

-oopra are produced annuallya Average yield is about 40 nuts per tree -
"per year. The planting deneity is arounﬂ 120 trees per hectare. Aboat
1 88% of trees are fruit bearing. Around 350 to 400 ‘huts prbduce 100, kg -

of dried cOpra. .Ma;or pest. and’ disease or coconut in the project area
are Aslatic palm weevila and Cadang—cadanq disease._,i ' ‘ : -

Abaca is piante& on 131 ha in the project area. neetagé yield bf
abaca. is 0.7 ton/ha/year. Historical record of the planted area of
Abaca in the projeot area is not available. But, on the analogy of the
trendﬂin_the planted‘area in Albay Province, the planted area of abaca
in the project'aréa'seems to be decreasing. “Phe planted area’ of abaca
tn Albay Province in 1979 decreased to 48% oE the ‘area xn 19470 due to
the expansion of the bunchy top disease and a low rate of
rehabxlitation of old trees.

_ Corn is not 50 important for. staple Eood in the project area.
Information on’ the planted area and produotion of corn in the project
area is, not available._ Average yield of corn in Albay Province in the
phase 6 (January to June, 1980) of Masagana Maisan was 1 9 tone/ha
according to the- information from BPI (Bureau of Plant - Industry) in
Daraga. Expaneion of the planted area oE corn As much restrioted by
the prevalence of the downy mildew disease.

Leafy vegetables and rootcrops are groun Eor the home consumption,
for most:cases, -The. data on - planted area and the production of them
are. not'avaiiable.f The. average yield of the vegetables in 1976, was 4 9
tons/ha and that of rootcrOps was 74 6 tons/ha. e SRS

6.4, 6 Animal Husbandry i TR T B O AT
~ The animal husbandry in the project area is much prinitive.- 'Farns
specialized in animal industry are rave, ‘Most. livest0cks are. raised'on
wiid grasses or farm residue. The informatiOn On the. number of heads
of animal in, recent years in the project area is not aveilable.-f:::-=_
According to the information from Bureau of Animal Industry An Legazpi _

- city, the number of 11vestoeks in Albay. Province in 1976 s about
'43,400 for carabao, 24, 900 for cattle and 142,400 for swine.
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Livestock meat productioﬁ suffiéiénéy ahalysis for Albay Province,
which was carried out b9'£hé provincial develophent staff in 1976,
revealed that the total reQuirement for Albay province'was 9,390 tons

Gt

among which 5,540 tons or 59% were deficient. The analysis also
révealed that the'péultry meat perucEion in Albay Province in 1976 was
245 tons which wéé_?% of the total requirement, '

Constraints in the development of the animal husbandry in the
project area are considered to be insufficient supply of the feédstuff,
poor credit service, technical inadequency including extension service
and lack of modern market system such as cold storage, auction markets,

processing facilities, ete.

6.5 Market and Prices

Agricultural inputs such as fertilizers and agro-chenicals are
handled mostly by ptivaté enterprises and are obtainable at the shops
in large towns. 'The supply'of the agricultural inputs to individual
farmer seems to be smooth and to have no restriction on the

agricultural development judging from the results of the field survey.

BPI is.responsible for thé production and distribution of improved
seeds and plant materials. As for ricde seeds, BPI supplies the
foundation seeds or registered seeds to private seed growers and
analyzes and certifies the seedé produced in grower's field. Amount of
certified seeds produced in seed grower's field is not sufficient for
farmers in the project area. 1In 1979, the Albay Seed Growers Inc.
which is preducer of:certified seeds in Albay Province produced 866
cavans (3.8 tons) of certified seeds of which about 60% was IR-36 and
about 40% was IR-42, Rice seeds are usually spread through farmers.
The price of seeds in 1980 is P 105/cavan for registered seeds and P
95/cavan for certified seads,

. The details of the farm gate prices of the agricultural products
and the retall prices of the agricultural commodities in Albay Province
in 1980 are shown in TABLE-VI,10 and VI.11. The farm gate price of
palay has beeh stable since 1975 as shown in TABLE-VI.12. While, the
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consumer's price index, the price of wage of hired labourer and the
price of urea raised 60% within the last 5 years, 140% within the last
6 years and 34% within the last 6 yoars, respectively.

6.6 Agricultural Support System-
6.6.1 Agricultural Research

- Most of the agricultural researches ex¢épt these in coconut, abaca
and animal husbandry are cartied out by BPI. BPI has two research
stations in Bicol regions, i}e, the Bicol Rice and Corn Experiment
Station at Pili, and the Albay Experiment Station in Tabaco., The
former is zesponsible for the research in rice and is conducting
vaziefal tests, fertilizer response tests, pest control test, etc.
TABLE-VI,13 and VI.14 show experimental results obtained in this

station.

The Albay Experiment Station in Tabaco is responsible for the
research in vegetables, rootcrops, and cereal crops. Corn research was
transfered in 1980 to this station froh the Albay Rice and Corn
Exper iment Station in Pili.

The Food and Agricultural Organization (FAO) and the United
Nations Development Programme (UNDP) have been conducting the
fertilizer field trials in the project area as part of the soil and
land resources appraisal and training project for the Bicol River basin
since 1975, About 560 trials have been carried out in the farmer's

fields. The average yields for each treatment in the dry season and

the wet season in 1979 are shown in TABLE-VI,15, The results show the
high yield potentiality of the project area at the experimental level,

6.6,2 Agricultural Extension _

A number of Governmeént agencies provide extension services. Among
them, the extension éervicas for creal crops aré provided mainly by
BAEx and BPI. Major work of the extension is to promote cOmpfehensive
agricultural extension prOgtams re1at1ng to crop production;, poultry
and livestock on farms, farm organization, farm crédits, home economics
and family life, home industries, rural youth development, and
extension information. Among the programs, the supervision of credit
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"!schemes such as the Masagana 99 and the Nasagana Maizan plays an

"_.important part in the extension work The -number of extension worker

_ {n 1980 for hlbay Province is 118 in BAER and 56 in BRI, The average: - ég;
' area Eor food crops Served hy one extensiOn worker is 347 ha for Albay ' '
: Province. While the aVerage rice field served by one BAEx ‘extension .

worker is 243 ha. ' L

r\;'.:' . '
i s

The transfer cE the technical informatiOn from the agricultural
research statidn to the extension worker is not enough. The
integration of “the extension and research organization is: necessary for

increasing the technical knowledge of extension workers.-

. Most'of'the:eﬁtension QOrkers are'provided.with'motot bicfcies;:q
which is very effective for the execution of the extension hork. .The:
" number of the extension norkers in the project area is sufficient
judging from the service area per one extension worker and the nobil1ty
'-0f the. worker.,- ' '

' 6.6.3 Agricultural Creait I E TSR S G
” Various agricultural credits ave available in ‘the Philippines.
“The Masagana 99 program is for rice. production, the Masagana Haizan
-program is Eor malze, sorghum and soybean productions, and the Gulayan
Sa Kalnsugan program is for_vegetables._;¢. N -

D R T RTINS T :

The Masagana 99 program wag introduced in 19?3 as nationdide
'scheme fof rice production._ Farmers are organized into liabllity
_fgroups consisting oE 5 to 15 farmers. Under tbe Joint responsibility
”of the groups, farmers -are furnrshed with a package of technology under
the guidance of extensaon workers. The loan is made up of a cash

portion and portiOn in cheques or coupons for material inputs. The -

' '{cash portion oovers the oost for. land preparatlon and seed. The coupon

.issued can’ be exchanged Eor Eertilizers or agro~chemica1s. The maximum
1oan allowed was about 1, 350 pesos per ‘hectare in 1979. The interest
of the loan is- 12% per year.r The repaynent period is within F3 months
erom the harvest.eauy



&

_ Historical trend of the loan operation in Albay Province is
presented in TABLE—VI 16. The rapid increase of the 10an released in
1978 can be attrxbute to softening of the qualifncation of applicants.
Before 1978, the loan were alloued only to the farmers who had repayed
total amount of the previous loan.” In 1978, the farmer who had repayed
at least 20% of previous. loan could get the loan, The average amount
of loan provided to one . farmer was about 2,600 pesos in 1979 The |

Percentage at the repayment was 94% for 1978 and 85% for 1979.
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VI, IRRIGATION AND. nﬁ'afm.hes' 'P.t_-iu_ -

7. 1 Basic Engineering Consideration .

. The facilities required for the irrigation and drainage o
development in the project area include headworks, irrigatien canals
and their: relevant structures, drainage anilities and farm roads. The
ptinciple for determining the Eacility requirements for each function
is that the. project Eacilities is provided tn the most eEEeotive and |
economical manner s0 that each funotion can be oombined with and fully
compatible with the other farming operations at the respective stages
of development., Besed on the above requirements, the following basic
engineering considerations are given o the present st tudy.

[ .;_:-:‘ a"]".-

_7.1 l Integration of Existing Irrigation Pacilities

The -major rivers and their tributaries crisscrOSS in the pro;ect
area. A large number of temporary brush dams and permanent. headworks
have been built on these rivers for the purpose of irrigation water r
intake. Most of these structures have inadequate flow capacities and
cause flood problens in the psddy fields along the rivers.‘ In the
£100d control plan_ﬁor the major rivere, the_temporary brush'ﬂaﬁs'end
some of the hesdﬁorks are to be'reﬁoved and integretion of existing
¢anal systems is proposed for their praotical and efEicient operation
through constriuction of new, headworks at. the suitable locations. '

Investory of the existing irrigation systems is summarized in Tables

VII_llto VIE.5, -

7. 1 2 HeaGWOrks L Sl D E T S :

_ Most of the existing headworks have two intake structures on both
right and: left banks., On the meandered riVers in the project aree.r
however, this type of.headworks can not divert water suffioiently to..
both sides., : Considering thie diffioulty in intake of water, existing :

‘headworks should be modified £0 as to have one-side intake. For the

irrigation of the areas exoluded due to the modification, the
oonstruction of new headworks or extension of existing canal systems is
required in proper way.
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items are checked and surveyed On the prelimlnary basis.-

(a)

In selecting the location cf new headworks éites, thé fbllbwing f

Plood contfol plan and coﬁfigNratiOn of existihg canal systém-

1‘31The lccatioh oE thc headworks sites should “not hampér the” flccd '

(b

- conteol’ pian of the' rivers and' shculd bé suitable for the'
;'configulatioh of éxisting canal network Sl **fﬁf’{ﬁic

fRelatién bétween the heiéht bf wélr crést ‘and’ thé léngth of RS
‘héadreach: FEE R et LR SR
“In order to attain the deéigned intaké water level, if ‘the

headworks site is selected upstream, ‘the welr” Crést Wiy’ becéme
low, but the headreach will become long. If the headworks site is
selected downstream, the rest’ beccmé hign but the’ headreach

‘f{bécohe7shcrt. For' the selettion) therefcre, r0ugh cost ccmparlson
‘"”will be’ requiréd. Pt ””“Tf R e ' '

(c):

(a)

prography and gébIOQY of the site. f‘frrt'vi”ff -
gyt Narr0w portion éf Fivei: course wiil first he’ séleéted. ‘

i) The stabie rcck foundation {a preférable..

E*-}ii) The rIVer céurse at the site should be stable.

Affection of’ structure to sediment transport 1n the ri#er- SR

"fBue ‘th c0nstructicn of weir, sédimént traﬂsport in' thé river’ will

 be checked to great extent, which w111 result in the river bed -

erosion in the downstream from the welr and may give damage to the

existiag brldges and ‘intake structure in the d0wnstréam réach of-

7 the' rlver.: ' Cdveful’ surVey-and study;are;required on this matter,

ey’ |
‘*3*The site should prOvidé an easy and cheap construction work b
{£) |
| -The slte should provide a good ‘access £6r ‘operation and ©:”

REEEI

PLorasie

Constructlcn.;

-9?..— o /.,‘:&_ ER S

'Operation and maintenance"%

maintenance. o R YA e ﬁ{'E”fff"
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7. 1 3 Irrigation Canal Systen B f", : SEEEE T -

Irrigation canal system in the project area includes main canal
secondary canal, tertiary oanal and quarternary canal.- The layout
planning of these canals is done after unde:standing their tespective.
functlon and fequirement mentioned below:

.= Main Canal ‘ RN grtel T :
The function of - the main canals is to deliver irrigation water
from river to the development area in the shortest or in the most
economical way. The canal will basically be of unlined angd
ttapozoidalitYpe. '

- Secondary canal ; :
The secondary canal is branched off from the main canal to
'd1stribute water to the setondary unit areas. The size of the
irrigation area varies from 250 ha to 150 ha which are divided
into' 5 to 3. te:tiary unit. areag in consideration of present:
'terminal irr1gat10n systemn in the project area. The_cenél¢will ba’
unlined and trapeZoidal. | '

.—.Tertiary and Quarternary canals _
These canals are branched off from the secondary canal- to :

- ﬁistrlbute water up to tertiary unit areas. This terminal danal
network has been developed in the existing itrlgation system: .. - -
areas. Thus, these canal networks are used in"tne new canal
‘system.

7.1.4 Drainage Canal Systém :
The drainage canals are’ classified by funotion as followsa'

.;1)7;81eid‘dtain is piovideq to'remove.ekceos-naterlfrom the
fields and to lower or control the subsurface water level,

i1i) Main and secondary drains are provided to transport water
from fleld drain to outlet or disposal points.
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- Field drain Lo IR = - aélawa'faqﬁﬁ-icﬁiug’”
In flat land areas, all Eield drains are laid out - in B grid
| :<system. Straight ditches ate proposed to raise’ hydr&uliﬁ
efficiency and to attain efficient farming.---

- SecOndary drain ._ : _
“This drain is designed to collect water from fxeld drains and to
_ 'convey to main drains. Depressed area or. old stream beds will be
7f:used for 1ocation of the' secondary drain.r=“-51*='-9=f: TR
- Main drain | _" S L' L
" The 10cat1on of main drain is dominated by natural streams and’
r;vers traversing the develognent areas. These natural:sktreams
‘and rivers will be used as the main drain, -
7.1,5 { Road Netwo:k SRRt Lﬁ_-ﬁ. TR A if-"n Pt
_ There exists ‘a National Highway and Provincial roads llnkzng 6
~emunicipalities, namely, Malinao, Tabaco, Guinobatan, Oas,/ Polangui,
" Libon with Legaspx and Naga cities, which will hecome the most
'important markethg and transportation centers for the agricultural
' products and required inputs. In addit;on, adequate communications are
" essentiali th:oughbut the: progect ‘area -for successful Opetatlon.--ln. -
this regard “the following 2 kinds of farm voads are proposed to be
'.'constructed. .-=s—‘314=:'tr'%':_ N R
.~ Main farm road _
The maln farm roads are required for 1nspection and operation of

the canals, the movement of agrlcultutal products and equipmenb

' _and ‘for . the : day—to—day services: between Baranqays and theréfrom to
-the NatiOnal Highway and" railway stations.  Thesge roads are to be

f;consttucted mainiy along the main canals. Existing ‘roads are. also
xi;}futilized gor this plirpose as- much as: possible. All,the_main farm
roads are designed as earth road with an effectivé width of 3 M.
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R - Secondary farm road

$

..-}__7 e

The secondary Earm roads are requtred to llnk the cultivable areas -
'with population centers in the area.ﬁ The secondary farm rOads are
to be constructed on one side of all the seoondary oanals. These g

.g,roads will have an effectlve wiﬂth of 1 0 m and will be of earth _
type without any metalling.

7.2 Irrigation Water Requlrements
7.2.,1 General L . . .. i
- In planning of 1rrigation project, euffiolent informat[on on water_

=_consumptlon by erops fron seedlng time until harvest is needed since

out in the survey period, thls study is mainly dependlng on the study
results in the repdrt on Soil and Land Resources Appraisal “and Training
Project on Bicol River Basiqﬁﬁ and Feasibility Studies oE Quinali
Integrated Development Areaé_- The empirical and theoretical formulas :
developed in the past by various experts are also used in this study.

The calculation procedure adoPted in this study 1s shown in the
following equatiOns'

CIDR = (KC x PET.+ P + N + LP - RE}/IE
where, . . .

IDR Irrigation diver91on requrement,

LA

V,ch;ﬁ_crop growth stage ooefEicient,_

trsrwé potential evapotranspiration,.
P ='Percolation rate, , |
R =.Nursery requirement,

Lp ;=1Land preparation requirement, E
éE = Bffective rainfall, and sz

IE = Overall irrigation effioiency.

JAY; Bureau of 8011, Department of Agriculture, UNDP/FAO, 19765,
gg;; Bicol Rivar Basin Develcpment ‘Program, 1980,
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N e

crop. o

The following terms and their abbreviations ate used in this study.

EEXEE I i -<'> R T T P TR A A '.-".\"5-'.':

" ) Coﬂsumptlve se” (CU) f;"”:"'”f*"i"" H e’y PET ' R 4
 Flex ?'réqutremeht (Fé) e 3:%1?ﬁ5= CU b
€ lfCrOP water requlrement (CHR) 'f”"i‘ CWR FC e T Lp
o I Crop irrigation requlrement (CIR) CIR = CWR‘- RE

e).'Ircigatlon dzversion requi:ement (IDR): IDR = CIR/IB C

Srleve CooRLITT iyTEoa:

ORI

7 2 2 Consumptive use of water by crop

The consumptive use of watey hy ctop can be estimated as a product

'of potential évapotranséiration (PET) calculated frOm climatic ‘data ‘and
.crop coefficlents (KC) which depend on g:owing season and stage of the

' Since meteorological conditlons bétween the Quinall (A) River e

fbasin and Ehe Quinali (B) River basin are :ather different, the

Jpotentlal evapot:anspitation for these two areas is Separately IR

'estimated. ?or the Qulnali (a) Rlver basin, the monthly potential

evapotranspiration 18 edtimated by usxng modzfied Penman method based X g§!-'

‘on meteorologlcal records observed at Legaspi oOn the other hand,;°“

nonthly class-A pan evaporat1on records (1972 1980) observed at
Paraputo Agto—meteorological station neat Malinao afe used for
estlmation of the potential evapotranspiration for the Quinali (B)
River basin. Results of calculatzon are shown in TableeVII 6.

Crop growth stage oéefficients (KC) USed EEY this study are shown
in Table—VII 7, which were proposed in the "Soil ‘and Land Resources
Appraisal and Tralning Progect" hy FAQ/UN&# in 1976._

Calculation results b the consumptlveﬁuse of water by ctop are

 shown in TablesIVII 8 to Vif.10.

] IS . i .
z‘_!ﬁ,:: PO I S T R SN AP

7.2, 3 Percolation rate

: the tepécE ‘ot "the Féasibilit{'ﬁtudies 6f Quinali Integrated
:Development Area® in-1980. * According to the report, the results of - jgg

The rate of deep percolatlon loss was measured and d15cussed in -

e N
L
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actual field tests at S sites located in the Quinali (A) River basin ;'
ranged from 2 mm/day to 5 mm/day for the various 3011 types.t During

Cthe Wet season when the'?rOund‘water table is high, the rate was lew
_and increases to a maximum of 5 mm/day during the dry season when the

'water table recorded to its louest level.__b o

Taklng account oE the above report, soil and topographic

.conditiOns in the project area, the f0110wing figures are adopted in -

this study. R
T T . AT N PerCO]'atim
CAeea " “Name of Scheme T - “Rate "
Quinali (A) _ _ >
| Lower area  Agos Sta. Crus-South Quinall Scheme
Upper area Cabiléban gchémé,'thnoli'écheﬁé"

Quinali (B) Bantayan Scheme - t g

Te2.4 Nursery réquirement
The' nursery reéuirement is calculated hy the following equation"

N'= (Lp + e X psT_;vp; gjg,_k A.‘:,-:

wﬁere, o g
N'_'s Nursery requirément (mm), : .
L = Land preparatioﬁ requirémént for nursery ‘bed (mm),
KC = Crop growth stage COefficient, _ _
' PET £ Potential evapotranspiration (mm/day). :  Sl
T = Period of nursery (days), and e

A = Area factor."

The area required Eor nursery bed and the periOd of nursery are
assumed to be 5% of the total paddy land to be transplanted and 20 days

'respectlvely._ In additiOn, the land preparation requirement and the

crop growth 5tage coefflcient are assumed to be 150 ma and. 0 8
respectlvely. Results of calculation are shown in Tables VII 8 to
VII, 10,
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& in general the lanﬁ;preparation requirement fOrlpaddy fields can

:ebe defined as the supply of water, either by irrigation Py rainfall, to‘

a group ‘of farms éo as to' wet'the grOun& to saturation and to provide a

3

‘water - layer to facilitate ploughing and transplanting.

_ The present irrigation system in the project area relies on g:'
tfield—to~field Elooding.‘ ¥’ order to sﬁpply required amount of water
to each plot, it may take for the period of two weeks on an average. _
"'Hence, replenishnent for evaporation and percolation losses during the
:Jlan"preparation petiod is, needed.‘ Taking account of the amount of
':replenishment, the land preparation requirement is calculated by the

Eollowing equation-' _ _ o ‘ P
Lp = 55+ (KE X 80 + D) x”,T' tsp
where, - S " o
' _LP'= Land preparation requarement (mm), _
8§ = Water deptb required for land soaking {120 mm),,

QL_Kg;g‘Coeffioient for evaporation from saturated soil or “
N shallow water layer (= 0.8),
EP
P
T

Pan evaporation’ {mm/day), - . .
Percolation rate (refer to 7.2, 3),
Period for land. preparation (15 daya), .and

W

ll'.

Water depth required Eor transplanting (25 )

3 - - o

Results of oalculation are shown in Tables Vli 8 ‘to VII 10 and

summarized below.'

Land Preparation requirement
" Wet DLy

S g Upper area S i e sy
Quinali (B): R U T s T age
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7.2.6 EfEective rainfall

- (1_} Rainfall data for Lhe Quinali (A) RiVer basin

In the Qulnali (A) River basin, monthly rainfall data ate ‘
avaxlable from three raxnfall gauging st 'ions, i eezcuinobatan,

Polangui and Libon.‘ Among them, Libon rainfall gauglng station is

regarded as the key station for estimatiOn of effective ralnfall in the
_'Quinali (A} River basin because it locates almost in the center

;f the
proposed irrigation schemes.

Slnce duration of rainfall data available at leon rainfall

gauging station is insuﬁficient for the study, ralnfall data at Libon

are supplemented by ‘the long-term. rainfall reoords available at

'Guxnobatan rainfall gauglng station.- Figure VII 1 shows cOrrelation of

monthly rainfall between Guinobatan, and Libon rainfall gauging
stations. As shown in this fugure, the monthly rainfall at leon can

'be regarded as 75% of that observed at Guinobatan rainfall gauging

statiOn with a correlation coefficient of 0. 842 SinCe monthly.

_rrainfall records from 1972 to, 19?7 are available at Libon rainfall '

gauging station, ralnfall data for other perlods, i. e. 1956 1971 and 4i
1978-19?9, are. supplemented by using the above conversion ratio.~

'_(2)_ Ra1nEa11 data for the Quinall (B) River basin

In the Quinali (B) River basin, monthly ralnfall data are ._._f
available from Malinao rainfall gauging station for 8 years from 1972
to 1979. Sincé duration of available rainfall record at Malinao is
insufficient for the present study, it is supplemented by the rainfall
recqrds observed at Sto. Domingo rainfall gauging station. Figure
vir, 1 shows correlation of monthly rainfall between the above two _
stations._ The monthly rainfall at Malinao can be’ regarded as 1108 of '

_that observed at Sto. Domingo rainfall gauging statibn with a

oorrelation coefficient of ¢.908 and then, monthly rainfall records at
Malinao are suPplenentea by uslng the aboe conversion ratlo.
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- (3) Estimatxon of effective rainfall

. The potential effectivé"f.'ainéau ‘on paddy land 1n the project area o

can be estimated by using a cohverslon cu:ve shown in Fig. vrr 2 which
was proPOsed in the report on the Uppet Pampanga Rlver Project 1h  '
= 1975. The monthly pétential efEectlve rainfélls thus estlmate& are

:‘shown in Tabies VII 11 and VIT; 12 Eor Libbn {Quinali A) and Haiinao o
(Quinali B] fespectlvely. e ' R

7.2, 7 Irriqation efficiency
Irfigation effiolency is eetimated by the fOILOwing equation.

o tahere, T T iR
'  ;fEk§ 0vera11 irrigation efficiency,
'”f“ﬁéﬁé Application efficiency, and o
Re A Conveyance and opetation efficiencies."

Takiﬁg into accOunt the soil charactetisties, topography, climate,
_ irrigation ptactice, etc, in the project ‘area, the application *
.eff101eﬁcy is assumed to be’ ?5% of the cfop irrigatlon requileMént on
an average over the whole pro;ect area.; In additiOn, the canal
conveyance and oPeratiOﬁ efficiencies ate estimated to be 80% ‘of° the :
.crop itrigatién tequitement in total.' Ovetall irrlgation efficiency
is, therefote, estﬁmated at 60%. ‘ o ' ‘

yiag Irrxgation dIVef316n requirement
The i:rigation diversion requlremént is defined by the following
equatién: R . SR b :

jlﬁﬁgf
where, - ‘
' _ IDR =3 Irfigatien diversion requirement, :
VCWR = Crop water requirement (Tables VII. 8 to VII. 10),
RE affect1ve raintall (Tables VII.11 and VII. 12), and.
1B = Overall irzigation efficiency (60%).
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' The irrigation diveraiOn requiremeﬁt fOr unit area is estimated On
mcnthly basis in 24 year pEriod of 1956 1979. Results are shOWn in fﬂ
:gi Tables VII 13 to VII 15 taking the unit of lfsec/ha.kg‘ "_

.>: The unit irrigation diversion requirement fo: the design of in‘fﬁ
irrigation facilities, or the design intake discharge, for each area is
determined to be equivalent to 20% probability of occurrence for the
annual maximum monthly mean requirements taken from Taolés VII 13 to
VII 15, Following flgures thus estimated are adopted to the design of
irrigation facilities. o

Design

CCArés Tl pdchstae
S - ' : {1/gec/ha} -
~ Quinali (A) River basin ~ _
.Lower.area o _ _ 1,28
Uppet atea P gigp
Quinali (B) River basin '~ ¢ 1040

7.3 Soale of Irrigation Area
7.3.1 Water sources in the Qu1nali (A) River basin

Reliable water sources in the Quinali (A} River basin are the
Cabilogan, Ogsong, Nasisi Salog And POlangui Rivers. "Except’ for the

ouinalli (A) river, stream flcw reCords are available at 3 gauging
stations as shown below. o ' ' R

 Drainage

Gauging Station - - © - . River ., .. . Area:: . Period of Record
' . . : (km2) ' .

‘Bobongsuran '~ Cabilogan® - 131 © 7719056 - 1978
Benanuan © 7 0 ggsong ¢ I UT U 1956 - 1978

Nasisi Nasisi. B 1951 - 1978

: Thé‘*"stféé'm ‘BGnofE for the Saldg and Polangui Rivers ean be
esthnated by extrapolation from flcﬂ records observed at‘Nasisi gauging
station. The extrapolation is- carried out’ based on” relationship
between drainage area and annual mean runoff as ahown in ?ig.-I 30.

5
Lt 1)
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Polangul RiverS“has been diverted Ly exlsting iniake facilities of the _
Available discharge for the hew TT" _ _ éi;
be calculated by'deducting irrigatien .

abilogan River (Drainage area % 122 km2)

(2)_ Water sources for the Agos Sta. Cruz - South Quznali Scheme"
, i) Remaining discharqe on the Cabilogan Rlver after diversion
: by the Cabilogan National Irrigation Sy.ssl:em,:=

o

ii) _Remalning discharge on the Ogsong River after diversion by
tthe Ogsong National Irrigation System, and o

iii) Remaining dlscharge on the Naslsi River after dlver310n by
‘the Hasisi National . Irrlgation System.- . '

S NN ) :xv}»:s‘,'ff IR TR

L 3), ﬁeﬁér‘sources for. the Quinali Schemé'J PRI

LJQ}Q;Remaining discharge on. the Salog River aftet diversion by
the Mahaba National Irrigatxon System, ot T

. ii) Remalning discharge at’ the Hibiga Headworks after dlversiOn
PR ?y_??lby the H1bxga Natlonal Irr1gation 5ystem, and '

03 .

Stream runoff from thehdrainage area of the Polangui River

3 Las

,;}exGluding the drainage area; at the Hlbiga Readworks} .

_ Irrlgation diversion requirements £6r the National Irrigation
System are calculated taking tbe Euture irrigable arep into acc0unt as'

f calculated as shown ln Tables VII 17 to VII 20._




The monthly mean discharge at the prOposed Cabilogan Headworks.
the exlstlng headworks for the HatIOnal IrrigatiOn Systems and’ for ‘the’

.Polangui River are oal¢u1ated by uslng available recOrds and ¢0noersion"

ratio as ShOwn in Table—VII 21. Results of calculation ace shown in’ _
Tables-VII 22 to: VII 27. : ' :

Available dlscharge at- ‘the propOsed Agos Sta. Cruz _isouth Quinali -
Headworks and at the Quinali Headworks are’ calculated as shown in '
Tablasg VII 28 and VII 29, ; o : :

1 7.3.2 Water sources in the Quinali (B} River basiﬁ

' The Quinall (B) River is the most reliable water source for
1rrigation‘ 7 8ince - stream flow records for thls rlver are nOt
available, the stream runoff at the. proposed Bantayan Headworks is
extrapolated from. flow records observed at Bobongsuran gauging station
using- c0nversion ratlo of ' 0. 715 (refer to Table-l 30).- The result: of
calculation is summarlzed in Table-VII 30, ' IR

7.3.3 Soale of - irrigatlon area l‘ o : B B

The following oriteria 1/ c0noerning 1im1tatlons for water
shortages are utilized in determining the adequacy of project water
supplies. ! :

{) _Maximum annual shortages should not be greater than 50% of
the annual irrlgation diversion requirement. S

{2) HMaximum combined shortages'in aay two. conseoutlvé yéars- _
should not. be greater than 37 5% of the lrrlgation diversion
requirements, and ' : ‘

(3) The average annual shortage 0ver the 1956 1978 period shOuld
not be greater than 7%.

'l/:.JIrrigatlon-Developmént'blanifor Centralznusou} ﬁla/éctg l9774
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_ Fitst, physioally maximum irrigable a:eas by gravity irtigation
_,ate delineated on the evaiiable topographio map with a scaie of 1 to-
~25; 000 and a oontour interval of 10 m as shown - in Table—v11135.

Irtigation divetsion fequirements for the delineated schehes are -
.calculated as! shown in Tables VII 31 to VII, 34, tn order to confirm
fthe availability of water source for: irrigation, water ‘balance ..

calculations are carried out based on -the’ cfiteria mentioned above. -,

Fiqures VIL.3 to VIL.10 shows the monthly water balance bstweeh

' available mean discharge and - irtigation diversion requirement for 24
years from 1956 to 1979. :

The amOunt of irrigation water shOrtage is. calculated for ¢ach

_ soﬁeme ag shou” in Tab1e~v11 36 IrrigatIOﬁ water for envisagéd

irrigation areas éan be supplied by stream-flow within the 1imitation’

- of shortage méntioned’ above. Hence, the scale of irrigation ‘area for

each scheme is proposed as follows.

_ Name of Scheme : | r':fuet:ittigatiOh'Ateav
T MRS BT S SO B ' .,(hej; :
~Quinali’ '('A) Rive’t basin el P
1) cabilogan : | 1,400
i) Agos Sta. Cruz-South Quinali 4,350
-IQ111), guinali R R N L IS

Sub~total o0 0 o T e . 6,350

_Quinalij(B)LRivet:basin' _ SN
iofissslv)y Bantayan B T R Y 1]
- Total a 3 Sl 8,750

A ¥ 4 Drainage Requirement T gs.f-w S Z:A-wq‘:fﬁ:wv!
7. 4 l General _— : _ ‘ag e apsewa;

The drainage facilities are to be provided to remove the excess
&ate: in the fields taken place due to the heavy rainfall_dqging storm

ané_to”oreAteiadeQuete conditiohe'of’dfawdowniinfa hatvesting period.’

a.68f—'



- The unit drainage requirement is estimated referting the NIA _
design criteria 1/. Surface dtatns are desiqned 50 as to handle flows

Sk E
.

generated'from 10ﬂyeat storm_frequencles.
7 4.2 Design ralnfall
. The 10-year, l-day storm rainfall tn the pro;ect area is

calculated in Figs VII.13 and VII.14 as Eollows.

10+yeat.,14déy

Area : storm rainfall -
_ ' (mm/day) -
Quinali (A) River basin . 250
Quinali (B) River basin © 300

These-figureé:are'used as a design rainfall for ¢stimation of unit

drainage requlirement,

7.4.3 Unit dfainage requirement . _ _
The unit drainage requirement is calculated by the following

% . equation.

I - 100 .4
R = T % 10

vhere, R : Unit drainage rédqirement (lfseC/ha}
I :+ Design rainﬁall {nm/day) and
T : Drainage period (86,400 sec)

Using design rainfalls for both basihs, uhit dfaihage requltements .
for the Quinali (A) and Quinalil (B) River basins are estimated at 17.4
1/sec/ha and 23,1 1/sec/ha, respeotively. '

.1/1 Design Criteria for Irrigation Canals, Drainage Channels and
Appurtenant Structures, G.N, Iqleéia.
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VIII. FLOOD DAMKGB;AﬁAﬁYSiS;AJ

8 1 Damage ‘to Infrastrueture
8.1. 1 Damaqe to Houses

o B.1l.1.1: Value of Housé <=,-;g N ;.a~;=p @.WV:. Ll j,:s;V?; rriogd

Houses in the projeCt area -are divided into three classes ‘such as

'Type A, B and C ¢onsidering the constructiﬁn materials of roof and wall_
~as shown in Municipal Socio—EconOmxc and Physiéal Profile Document.

IType A' housés are made of concrete ‘and F.I. /Aluminium.‘:'Type B*
houses are made of: ond 'Type C‘ houses are made of bamboo ‘slate and
nipa. ' '

House value of each type-ls assessed the aéeraéé value estimated |

with' constructlon cost. on- the basis of. interview with the barangay

captains, The values are estimated at ¥ 80, 000, p 20 000 and P 2,000
for '"Type A', 'Type B' and ‘Type C' respectively.

8 1 1.2 Flood Damage Rate to Houses S T G P
~8ince there is no flood damage rate to be: applicable in. the

Philippines, the damage rate on the basis of Japanese Standard is

applied, The damage :ate_in relation to inundation depth is listea

below. VE s
S . kibepfh'abbvé : Damagé_  .”
_Situation " floot lével - ' ‘raté = =
Inundation below_. : _: L - B -,0.03
‘floor level ’ o e
Inundation above o 0-0.5m 0.053 -
floor level ' N
L = -0 5 - L0nm: 0,072
1.0 - 2.0 m.;;'ﬁ,o;loQ.:*
2.0 -3,0m . 0.152 ...
Over 3,0m . 0,220

. Sources . The HiniStry_of,cdnstrqction;tJapan oo
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8.1, 1 3 The Number of Houses Inundated due to Flood U
_:‘_ In oounting the' number of houses inundated due to Elood, the Py
following criteria are considered:‘ N SRR R Vf'fi'f-* A _ éi?

'i) Distrxbut:on of the difEetent type houses 15 asseSsed by the
ﬂiptoportiOh obtained from the Socio-ECOnomio & Physical Profile of
_j?Municipalities and’ the ‘tield- intérviea wlth the barangay
f<fcaptains. The propértion is referred in TABLE*VII | IRIE

1) - fhondated 'baéangayg a‘fé"obtaiﬁéa' f'r'erri re. fiéid'*éuﬁréy and maps.
The numher of inundated barangays in 1979 is estimated at 49 dn Ha
_the Quinali {A} River Basin, 4 in the Yawa vaer Basin and 6 in

L phe Quinalx (B) Rlver Basin’ reSpectively 48 shown in
i»TABLE-VIII 2 Th& Bast aﬁd I‘K)ri:h-EaSt Area is assomed tO have no |
"'ﬁ=inundation.- : ' : L : P '

iit)y The tetél number of houses in the inundated berangays'ls
' estimated 'as household by the Socio—EconOM1c & Physical
Munlcipallties ih 1977 and’ the ‘data: in 1980 collected by ‘this

Survey;

Civ) .The nunbet of inundated houses by - typhoon “Pepang in 19?9 is

" estimated. by the fxeld survey of inundation depth, inundation
area. anﬁ flood damages, etc._ “The number of houses inundated for

lo-year, zo—year, 50—year ‘and. loo—year probable flood is _
:estimated based on the informations of t&e field survey and map.

f8 1 1 3 Danage to Houses R ,
' In thxs study, the damage to houses is estimated on the dwelling
_units excluding the damages o public buildings such ag scﬂools,.
churches, factories, etc. TABLE—VlII 4 summarizes the damage to houses.

| The damage to Houses by typhoon uPepang in 1979 is estimated at P
12,94 mllliOn at 19?9 price leVel and the damagé in’ each: river basin is
" shown in TABLE—VIII 5, TABLE~VIEI.4 includes the direct damage _
_sustained by commercial establishments. This - damage is estlmatediat' - s
'about 10 percent of the damage to houses used by the Bureau of Public ﬁi:
;'wOrks in thetr damage eatimates, =

e~



The damages for 10 year, ZO—year, so-year and 100~year probable
flood are estimated simultaneeusly as shown in TABLE~VIII 4 an K

.TABLE—VIII 6 o TABLE—VIII 9. These damage costs ace P24, 62 million,_
P 32,33 million, P 43, 77 million and P 52, 00 mitiion respectively.._?gﬁ'

8.1,2 Damage to Government Infrastrueture .
8. 1 2.1 Damage to Road Structures‘:t_ e . o
‘ nue to flood water and sand sedimentation brought by the flood,;;u
the various k;nds of roads such as natiOnal road, provincial road,E i
muniolpal road, city road and barangay road, have been damaged every
year. . iIn the extreme case, £oads . and bridges Here washed away by .
rushing flood water.l Besides, travel trme or transportation cost
increased during the flood time, whlch gave adverse efféect on the

province_economy.

- Flood damages to roads are classlfied into the following three

categories'

i) Damage to bridges, culverts pipes, ditches and reconstruction
, _;of embankment, surfacing, riprapprng, eto. .
i) Increase of . travel cost for the detouring.,z. _ o
iid) Decrease of regional product such as gross-regional produot
resulting £xom temporary closure of major transportatiOn

_arteries.

The detailed damage to roads by each typhoon during the period of
1975 - 1979 are listed in TABLE*VIII 10 to TABLE-VIII 13. '

Damage to bridges ‘angd, roads can be approximately measured by the
estimated damage costs, since the estimated damage costs due to each
typhoon and heavy rain are submitted as the calamity fund to the .
Government £rom. the Ministry of Public Highway, the Provincial

: Engineering Office, the city Engineering ‘Office and the

Munioipalities._ Hhile, the rehabilitation cOsts in .each year are not
suffioiently released to reconstruct the damaged bridges and roads._;,
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_ For the damages in categories ii) aﬁd 1ii), these indi:ect damages
are. assumed to be 15 percent of" the direct éstimated aamage coete._ i
'This value is uséd by the Bureau of Public Wotks 1n their damaga s éii
estimate._”' £ Chel X . T Yool

B 1.2.2 Damage o Railway Structures L

Railway located at the east area of Mayon VOleano Erem Legazpl
City‘to Tabaco wasjdeetfoyed and dismantled by the eruptionin 1938.-
The railway from Daiagaito Camaligiwa damaged by debris flow in ‘1969
-after the eruption ‘of 1968 and maﬂ? bridges were’ damaged heavily in’
1975 by floOd and debris ‘flow from Mayon VOICano. the tailway system :
in Albay Province has béen " dismahtled between Camaliq ‘and Legazpi City
at present. R ' o ' ' :

In estimating the damage costs, the dismantled railway ftOm Daraga
to Tabacé 18 éxcluded and the estimated damage cost fron 1975 to 1979
are obtained from the Philipplne National Railway. The railvay of the
. ptdject afea 15 lbcated 6n1y in the Quinali (A)”Rivef basin; . '

is suamarized in TABLE—VIII 14 The damage in 1975 Erom Daraga to
Camalig ie considered 1n this study. R SN _

 These estinated'damage costs ate révalued aE'1979‘piiceﬁlevei,_
which are P 6.1} million and P 0 32 million for the flood in 1915 and
19?9 respectively. ":f':?'-i

B ¥ 1 2 3 Damage to River Facilities_
i In the project area, fléoding of the main rivers such as the
Quinali (A) River, the Yawa River and the Quinali (B} River has’ done’’
damages to river structufes. TheSe damages aré’ caused by waahing out-
B and eroding dlkeS and scouring boulder riprap. R '
The detailed damage ‘to river facilities by each typhoen during
: 1975 - 19?9 18’ listed in TABLE—VIII 15 to TABLE-VIII.IS. " Thess damage :
'costs are measured by the estimated damage coats submitted as the. o .
._ calamity fund to- the GOvernment from the Ministry of public Works and i*;

' the city Engineering 0f£ice.

S



8.2 Damages to’ Irrigation Facilities
8.2.1: Past Damagés - i oot el oiemna e e S R
The floed damages to the ittigation facilities in both Natiénal
and cOmmunal Irrigation Systems had been investigated by NIA staffs
just often evety fleod in the past 5 years from 1975 to 19?9 These :

.damages ate summatized in TABLE—VIII 20 through TABLE—VIII 25.,.

addition, ‘the . damages oh the tempOrary irrigation facilities
constructed by farmets themselves are also iricluded xn the above

'tables, which are - estimatéd to be- ‘around 30% of the total damages on:

the National and Communal Systems based on the result-of fleld -

investigation.

8.,2.,2 Forecast of Damages to Irrigation Facilities
. Major floods which océurred during 5 yea:s from: 1976 to 1979
almost cortespond to the probable flood with 2-year return periOG. The

 amounts of . damage to irrigation facilities due to- the £loods are
 ranging from P 104,000 to P 494,000 in the said period, On the other

hand,; the flood due to Typhoon “Sisang" in 1975 corresponds to the

probable flood with a: return period of . more ‘than 20- year._ Hdﬁevaf, the

anount. of . fldod damages ts only- 156,500 which doss not exceed the
above maximum of P 494, 000. This indlcates that the flood damage does
not increase in’ pr0portion o the magnitude of flood and- therefore it
‘is difficult to establish the relation between the flood damage and
flood. magnitude. Eor the estimation_of ‘the f100d,damages, the biggest
damages during ths“said S:years which was caused.by typhbdn'“Pepahg“ in
1979 is’ adopted as the flo0d damage: to be caused by the probable £lo0d
with a return period of 2—year.

The“damages'to‘be caused by‘thé'prcbaﬁle'flOOds'#ith'tetufn Gl
periods of more than 2 year .are estimated by employing the damage

éincrease rates applied for - fozecast of the damage to infrastruoture
-assuming that the damage to irrigation facilities ia qualitatively the

same as that | ol inErastructure.

4=



8.3 Damage to CIOD
_ Flood demage to crops in the project area. is estimated by the
fanalytical method in the’ with-fand withbut project conditions.e Past ' iiz

"-records on’ the étbp damage are used subsidiary. Crop damage by floods

is made majorly 0n palay.; Damage to ‘the upland crOpe such as coconut,

- abace maize, weet potato, taro is negligibly emall becauSe these crops

'.are planted fot the most cases, on the Elood—free areas.- Parameters
_of the: fiood damage to palay areé the area of standing crop, expected

' et income by the farminq, production ¢ost alteady spend by the. date -
when . flood occurred, growth stage of the crbp (cropping pattern),
inundation depth, inundation duratibn, flcod velocity, monthly

occurrence frequency of floods and sediment ‘flows and debris flows.
Crop damage“bf flood-can be enpreasedras
D p,(1,+_C) xR -

_ where, D is the crop damage, I {s' the net 1ncome in without—flood
f”condition, C is the production cost already spent by the date when _
flood occurred -and R. 1s the crop damage rate. The: net 1ncome in oo QSF
withoutefIOOd condition ‘and- the production cost already spent by the
date when Elood occurred are estimated from the typical farm budgeti
The crop damage rate -is determined following the standard table ‘for the
"palay damage prepared by the Ministry of Agriculture, Forestry and .
f-Fisheries of Japan.z he damage rate  is the sum of the rates for the -
Qiinundation damage and the lodging damaga in which {nundation. damage -
tate is the product of the interaction amohg’ the growth stage,-
inundation depth, inundation duration and debris content, and the _
1odging damage rate is the product of the interaction among ‘the growth
' stage, flood depth and flood velocity.  The complete lodging 13 causged
in maturing stage iE the fiood depth is above around knee high and that
the flood veloclty becomes around 2 m/sec or more.=,-<i‘j¢,'
The area of standing crop is estimated based on the crOpping

'patte:n and is expreesed reflecting the ratlo of area of standing crop

to the_total_planted area.
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. The monthly 'freqUén'cy of floods is _exﬁfessed in terms of the
3 monthly frequency of occurrence of typhoons in the project area, which
is obtained from the Meteological hgency of Japan.

- 76 -






1X, __cjaos&-'amrmr{m T A E IS PR e

9.1 Detailed Estimate S S e o g.ﬁzx;fka - nr'{Lr;-:
The detailed estimate of constructiOn cost 1ncluding physical :
contingency of each wotks of this’ ptOJeCt is made consideting the

- prévious design rep0£t £Or the Maybn Volcano Sabo" anﬁ Flood Control

i

Pioject 1n 1979., Hork items are as: follows. .

(1) Sabo Worksu-' _ _ _ .
The Quinali-(h) River Basin: 6 tributaries (TABLE-IX.2 to
wmm&1x7) o

The Quirangay River, The Tumpa River, The Maninila River, The

_ ‘Masarawag River, Thé Ogsong River, The Nasist River
_ The Quinalx_(B} vae:_Basinz 1 tributary (TABLE—IX.B)

The.Buaﬁg.Rivér' ' ' '

The Yawa River Basin: 3 tr1butarles (TABLE-IX.9 to TABLE-IX, 11)

The Anuling R1ver, The Budiao River, The Pawa -Burabod R1ver

{2) River  improvement Works o

The Quinali (A} River: 3 major riQeré'(TABLE-Ix 12)
The Quinali {A) River, The Nasisi River, The Talisay River

The Quinall {B) River: 2 major ;1Vers {TABLE-IX.13) -
The Quinali (B} River; The_Sah ?ranciscb_RiVer,
The San Vicente River |

The Yawa River: (TABLE-IX.14}

The Quiﬁali {A) River: Diversion to the Talisay ﬁ{ver

(TABLE-IX,15) '

{3) Irrigat;on Horks
The Quinall (A) River Basin (TABLE—IX 1s5)
The Quinali (B} River Basin {TABLE-IX.17)

9, 2 Financial Cost
The financial cost oE each river basin is described in the MAIN
REPORT. ‘The foreign and local currency po:tion of the const:uctlon

cost is r0ugh1y estimated on the f0110w1ng conditlons. These estimates

are shown in the TABLE-IX. 13 to TABLE—IX 20,



i)

;’Only the machinery cost, the cost of steel produots and cement ate
-1ncluded in the foreign cur:ency portion,_while most of the

materials and 1ab0rer are assumed to be procured 1oca11y.

Thé 10ca1 currency portion includes the costs Eo: general

f€contractor s proflt, contractor s tax, surcharges, land:

acquisition. :esettlement, engineering and adninastzation. BASREE
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Year

TABLE-1.1 _REﬁQRbED'ANNUAL'ﬁAXIMUH_RiiNRALL.AT BACACAY

Duration

1 = day

3 day

" Occurrence date Amount -Occurrence date  Amount (No

record peviod}

19m
1972
19?5

1974
1975
1976
1977
1978

1979

Dec, 1i “
'June 25'
Dec. 17

) Juné‘U8 1
o Apr;,23'
Jan;‘ ?
Nov. .4
Nbv;'éo3

Sepf-ig'

12.6
129.5

‘153}6

156.6
127.4
127.0

9.4

88,1

146.3

| Dec. 1012

June'24—26
Doc. 17-19
June .7-.9
| Dec. 18-20

' Nov. 3-5

Dec. 23-25

APr..}ll‘i.-l6

e
i52:8 .
234.4'd
453.8
239.5 '
224.3
189.5
134.1*‘

123.1

Jaﬁ. ‘“ .June ‘

Déc'i'r' l.

Nov::;'bec;




TABLE-I.2 - RECORDED ANNUAL MAXIMUM RAINFALL AT GUINOBATAN

. Duratlon_q-.-_f'f“ifdéfg f.; T 3o day o o Remarks L
"Year ' " Occurrence date Amount Occurrence date Amount (No recond period)

7:_;1956’ U bestd 1043 Dee. e 282,40
11957 :. ‘: Novi 11. .99, 6 :=. Aug; {Bfloﬂ 164.1 ¢
1958 Oct. 28 258.3  Oct. 27-20  485.1
1959 Nov. 16 295.9  Nov. 14-16  363.0 o
960 7 No Record
1961 July 4. 122.9 - July 315 122,97 i
1962 May 17 - 1330 May. 16-18  200.6
1963 Aug. 13 135 4 Aug. 11413 270.0
19647 Dec.'13  126.5  Dec.-12-14  184.9
1965 Cguly 120 73S July 11=13 101.9
1966 Bec. 18 172,T  Dec. 2521  288.0 .
1967 Sept. 2 . 179.9  Sephi 2- 4 222.8 .
1968 . Deci 22 3018 Doc. 21-23  335.8  May-Aug., Nov.
1969 Dee. 11 84.6 Dec. 9 ~11 195.7 Jan., June
1970.  Peb. 5 112.2  Nov. 22-24  560.1
1971 Dec. 28 1469 Dee. 27-29  206.3  Peb.
1972 June 24 189.3  Jun. 23-25  200.7
1973 Nov. 19 145.3  Nov. 19-21 = 281.8
1974  Dec. 20 - 250.9  June 8-10  400.5  Sept.
1975 CNov. 25 214.3 - Nov. 2426 456.7
1976 Dec. 4 292.1 Bec. 3- 5 366.8
977 . July 22 . 86.8  RNov. 2- 4  140.2
1978  Oct. 6 84.3 Oct. 22-24 111.7
1979 Apr. 18 160.1 Apr. 17-19 197.5  Aug. - Dec.




TABLE-I.3 . - RHCORDED ANNUAL MAXIMUM RAINFALL AT LEGASPT - ="

~ Duration _ I —Qay b - 3-—day I "."'_Rémafks
Year = OQccurrence date Amount Océufrencé date” Amdunt - (No record peried)
1956 Sept, 19 169.7 - Apr. 7= 9 2514
1957 Octe 12 © . 90.7- Nov..10-12 = 149.2
1958 Oct. 28 263.9 0cl. 2830 449.1
1959, . Nov. 16 150.1 Nov. 14-16 . ~270.7 .
1960 . June 25 - 294.1 . Apr. 21-23  347.5  Jan. - Mar.
1961 ¢ Aug. 31 . B3.B°  June 17-.9  '116.6 R
1962 ¢ Apr. 17 189.7 May 16- 18 207.5
1963 Aug. 13 178.3 Aug. 12-14 3135
L1964  © Dee. 13 - 172.5 Apr. 27-29 " 220.2
1965 July 12 174.0 July 11-13  217.0
1966 Jan. 2 236.3 Jan. 2-4  319.3
1967 Nov. 3 484.8 Nov. 1- 3  578.0
1968  Jan. 28 173.5 Jan. 27-28  264.8
1969 CDee, 11, . 116.2  Dec. 9<11 . 244.3
1970 Dec. 13 130.9 Nov. 22-24  235.9
1971 Mar, 11 209.2 Mar. 10-12  337.4
1972~ June 24 236.6 June 22-24 . 268.9
1973 Nov. 20 - 190.8 = Dec. 12-14  319.5"
1974 June 9 247.6 June 8-10  421.7
1975 Dec. 26 458.6  Dec. 24-26  744.9
1976 May 18 155.8 Jan. 1- 3 ”274:5:
1977 Nov. 4 137.2 Nov. 2-4  173.5 Mar. - Apr.
1978 COct. 26 1715 Oct. 24-26  193.2  Jam.
1979 Sept. 18 161.2  Sepli16-18  237.8  Oct.

-3



TABLE-T.4 .., RECORDED ANNUAL MAXINMUN RAINPALL AT MALAMA- i’ | &

Duvation o leday - 3 -dsy i Remarks
.. Year . . -Occurrence dale Amount' Occurrence date  Amount. - (No record period)

]é?l. Auf,‘13 ';: _:8§;§'« ) .06&;}32;4. :“.115:3f ‘_Jan._r June, Sept.
1972 Jure 24 -69.4.  Auga-l2-l4 1492 L

1973 . Dec.n 18 . 10L.2. Get. 5-7  .253.6 S

1974 June. 8 . 70.3 . June . 7-9 .120.9  Apr., Déc.

975 L o g SRR N - No Reédrd
1976 CNovi.29 . 554 Nov.'27-29 1136 Jan.-July., Dec.’
1977 Couwly 17 92,0 - July 16-18 _'jizg.q,.' Jan.
1978 Oct.-26 . 84.1 Sepb.25-27  162.8 |
1979 Apr. Y7 . 1007 Apri 16-18 . 217.8:  June - Dec.

TABLE-I.5 . RECORDEIY ANNUAL MAXIMUM RAINGALL AT-ALLANG

i

Duration R day = 0 _ 13 ~ day , _
Year ' '00currgng9'dateP_Am0unt Occurrence date : Amount (No record period)

1975 Jen. 7T - 231.1 Jam. 57 424.1  Mar.
19?5 | Nﬁ?.%éSI “82.6i" N0§;i2f-29_ :19i;é: Dec.
1977 gulyz2 2043 Jily 1-3 3108
1978 sepb. 4 15409 Sopl. 4- 6 307.1
1979 Sept.dB 1743 Mg, 1416 360.8




§, TABLE-1.6  RECORDED ANNUAL MAXINUM RAINPALL AT STO. DOMIKGO

. Duration d-day . . 3 -day o PRI
Year. . . . Qccurrence date. Amount Occurrénce :date:  Amount. . {No record period)

1956 . Septil® . 218.7. Apr.  7- 9 1340.9
1957 Nov. 10 . 142.7 . Novii10-12  235.4°
1958 . 0ct.28  .207.5 7  Oct.27-29  339.3
1959 Nov. 16 191.5.  Nov.'14-16 - 364.2.
1960 Oct..'5 - 126.0  Oct. 4- 6 - 285.7
196) . June 19 80.0 .  Nov. 7~ 9 - 143.8
1962 .. May. .17 . 1544 Nov. .5- 7 ' 198.6"
1963 . Adg. 12 .. 141.0 ©  Aug. 12-14  .287,3
1964 ‘ _seﬁt,zs L 215.4 '_.Sept.28—30 223.5-
1965 July 12 129.8  Jan. 16-18  201.
1966 Nov. 19 . 254.0  Nov. 17-19  289.
1967 Nov. 3 362.7 Nov. 1-3 472
1968 . Jan, 28 .. . .145.3 - Jan.'27-29 - 239.
1969  Dec. 11 159.5 . Dee, 10-12 268,
1970 Oct. 12 163.6 . Oct. 12-14  331.0
1971  Jan. 28 141.2 Mar. 10-12  269.0
1972 “June 24 161:6  Jam. 2830 222.1
1973 Dee. 1T 163.9 . Dec. 17-19  311.2
1974  June 9 - 210.9  June 8-10  308,7  Jan.
1975 Dec. 25 196.6 Doc. 23-25  390.8
1976 Dec. 4 2040 Dec. 3-5  309.8
1977 Nov. 13 182.8  Nov. 2-4 2107 L
1978 Sept.26  171.9 Dec. 23-25  195.4  Jan.
1979 Sept.18  149.0 Sept.16-18 241,0 |

O W owv e

T



TABLE-1.7 - -.RRCORDED ANNUAL MAXINOM:RAINPAUL AT TABACD * ¥

L 'Dﬂratioﬁ ;f' RS ol dav o : ,i,; 3 - day .;1- Remarks
.. -Year:.:: . Oceurrence date Amount Occurrence date Amount (No record pe110d)

.1§71. : “July t8 ¢ 196.5- .Julj%7¥_9 .\188.0i3 "Jan.:ﬁﬁjﬁne, Dec.
1972 Aug. 13 o193, L0 Aug.d2tle 28109 .Jaﬁ. L May

1973 . Nov. 20  205.T7 | Nov.18-20 “39109 Ju}y‘l:hﬁg.

1974 June' 9 - 335.3 Jume! 75 9 A419:1 B

1975 Decs18  294.6 ' Dec.17-19 13861

1976 Dec. 4 322.6.  Dee. 3-5  833.1  Feb.

1977 . Apr.12 o 63.5 De¢.dan.30-1 2311 May - Deé.
1978 0ob..18 - 371.8°  Oct. 17-19  -546.1  Jan.-Sept., Dee.

TABLE-1.8 = RECORDED ANNUAL MAXTMUM RAINFALY, AT MALINAO

[

Duration . U1 —ddy . .o - 3 - day - ¢ g Remalks
Year ' Occurrence date Amount OGccurrence: date.  Amount {No record period)

1972 Jam, 30 226.4 Jan 29 ESE TIVN ;
to73 et 6 1917 Decl 16-18  27L.4 Nev.
1974 Poci B0 21115 Dbec. 14-16  248.3
1975 Ape.23 164007 Dec. 18-20  485.5
1976  Deel 4 '263'9'f Dec. 29-31  385.4
w77 0 wbe i3 26 Nev. D113 713 Apra
1978 sept. 26 - 1643 June 37-20 . 2874
1979 ‘Sopt. 18 94.8 Nov. 2830  186.0




TABLE-1,9 .  RECORDED. ANNUAL MAXINMUM HOURLY RAINPALL AT LEGASPT

Duration 6 - hours : 12 - hours Remarks .
Year Occurrence date Amount Oc‘:cui'r_ence date -Amount - (No record period)
oA90 oot 13 7.0 Get 13 1138

W97 Beo. 29 i394 Mer. 1708 s

f197é June 24 165.0° . June 24-25  192.7

1973 * Nov. 20 90,2 Dec. 18 154.7
1974 Nows 12 163.6  Nov. 12 204.8
1975 . Dee. 25 250,50  Dec. 2425  252.5
1976 Dec. 4 115.9 Dec. 4 214.1
1977 Dec. 1 11.2 . CNov. 4 1412

1978 Ot 6 149.2  Oct. 26 164.8

- 1979 Sept.18 96.0 - Sept.18 . 129.2
1980 " Mar. 23 100.8  Mar. 23 148.6 July-Dec.

Duration 18 -  hours. 24 — hours T R
. Year ' Oceurrence date ‘Amount Occurrence date . Amount (No record period)
1970 Oct. 13 138.7 “Feb, 5-6  161.6

1971 Mar: 17-18 2457 Mar. 17-18  276.7
1972 June 24 208.9  June 24-25  236.6
1973 Nov, 20-21° ~175.6 ' Novi 20 198.1
1974 Nov. 12 - - 205.8 - June' 9410 ° 1233i5
1975 . © Déc. 24-25 °25813 - Dec. 24225 - 357.6
1976 Dec. 4-5 248.9 Dec. 24-25  219.9
1977 Nov., 4 160.3 Nov. 4 181.1
1978 Oct. 26 168.4 Oct, 26 171.5
1979 ' Sept.18 160.6 Sept.18 186.6
11980 Mar. 23 . 161.6 Mar. 23 161.6 July - Dec.

T-7



© ThBLE-1.10°

AHNUAL ﬂAxIMUH BASIN AVERAGE I—DAY RAINFALL

TH& TALISAY RIVER

~ OF THE QUINALI (A) RIVER BASIN IhCLUDING

~Year -

Qceurrence

Hdate “‘{5}GuiquéihnTrﬁéiamé_Tﬁiiéﬁg quﬁhgh}.

‘Name of Station

Bato

Basin
S 'Average

1972

1973

1974

1975

1976
1977
1978

1979 -

July 24 R
Oct. 14
Jﬁne'é,_ -

- Nov., 25

Dec. 4

July 22

Det. 26

Apri 18

137.2

(0.55) -

2921

(0.55)

86.8

{0.40)

22,8
(0.40) .

160.1

(0,40)

189;i;}
(0.55)

250.9"
(0.55)

214.3
{0-55) -

néfﬁé;d A
- (0:36) .

50.6

~{0.36) - -

" 70.3

“(0.36)

L %136.5 .

(0.36) .

" ¥186.1

(0.36)

61.3
8441

-s36.§:

204.3
{0.32)

C114.300
-{0.32)

103.9

{0.32)

-+ 198.9
(0.09)

159.8

- (0.09)

1;2135h2
~ (0.09)

| %149.6

| -~ (0.09)

19.0
(0.28)

106.6
1 (0.28)

58.0
. {0,28)

%203.9

(0.09)

24.3

1470
'ikibs.l
1;Ti}s§5'
({180.5

©264.4

105.4

75.5

113.5

@

Note' (l)

The dra1nage area of the sub;ect basin is" 523 km

(2) The parenthes1zed flgures are: ‘Thissen's wélghts

(3)- The astarlsked figures were estlmated by: simple- regress1on
. analySIS . . .



-§j; . TABILE-1.11 . COEFBICIENT oF CORRELATIOV AMOYG STATiONS
IN THE QUINALI (A) RIVER BASIN INCLUDING
THE TALISAY RIVER

Guinobatan  Malama Allang  Polangui Bato

Gainobat ﬁo;ds . Q,;l' 0T 6.59

uinopatan . (90) (28} N (17) (62)
e C0.45 0.50 0.45 0.20
S ratama {90y . (22) (14) . ~(42)
11 . 0.1l ? '6,50 : : ' - 0.75 =
Allang ey e an
" . 0.17 . 0.45 0.75 | -
Folangui a7y (a4 (1) |

. ©0.59° .20 - -

Bato (62)  (42)

Note; The parenthesized figures mean nunber of samples.

-9



TABLE=Y,12 ' REPRESENTATIVE RAINPALL STATIONS - - %

Base point No.. ~ Representative
~ concerned to basin station

Remarks

REy

A-58

A-49

0-1

. 0-10
B-1

=~ A~59

" Guinobatan " Quinali (A) River basin

«_A—ﬁ?l_' Allz;ng= ' Talisay River basin

- Y-14 . Legaspi ’ Yawa River basin

Z0-9"

- 0-15,
- B-21

: } i : ‘ ';~i’. iy
" Sto. Domingo __ﬂpl?heast; Southeast térrents
- basins - .

el Pard of.ndrfﬁeast—sbutﬁeééf
Malinao _ torrents' basins -
: ' Quinali (B) River basin

T Note; A

means
means
means

means

£ﬁé_Qﬂiﬁéli (1) River
the Yawa River = = ..
‘the northeast — southeast torrents .

the Quinali (B) River

fi?
v

=10
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