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SUMMARY

A. General _ ol : o _
' ThlS report presents the re=study of Mayon v01cano Sabo and Flood

-7Control Progect and covers the follow1ng studles-'

1, To renaqsess and rev1ew the Master Plan for Mayon Volcano Sabo and]-
Flood Control PrOJect submltted by JICA ln March 1981, taklng account
'of the recent dlsaster due to typhoon “Dallng“.ln June and July 1981

2. To conduct a rlsk ana1y51s and ldentlfy the zonlng area for the

dlsaster preparedness.

3._5 To make a study of. dlsaster predlctlon and warn1ng system coverlng
the area of Mayon Volcano and 1ts surroundlng area and to establlsh

measures for dlsaqter preparedness and preventlon.'

4. _ To prepare and 1dent1fy a Sabo pr03ect 1nc1udlng an: 1mmed1ate"
sphased 1mplementatlon plan of urgent Sabo fa0111t1es, and to formulate

'r;the 1mplementatlon arrangement of the Sabo pro;ect.

S;f To prepare the detalled englneerlng de51gn of the emergency
_Sabo/er051on control fac111t1es at the selected work s1tes determlned
_by the fleld survey._ Several Sabo faorlltles on the Anullng Rlver and

E tthe Pawa—Burabod Rlver Were selected taklng 1nto account the budget OF

5 the Phlllpplne Government.' The reSults are presented 15 "DESIGN

' REPORT"



B._ Reeassessment and Review of the Master Plan

'5l,= The Master Plan was rewassessed and reviewed con51der1ng changes
1n such key factors as hydrologlcal analys1s, rlver plannlng, Sabo_

: plannlng, flood damage analysis, costs and benefits, etc. .

'.,ThéwhYdtoldéioal aﬁalysis ﬁade in.the'Master‘Plan was-keviewed7

=meteo«hydrologwal data after 1980 Whlch 1nclude the’ ones durlng
-:-typhoon “Dallng“ : However, the 50_year probaole flood peak runoff

' estlmated thls tlme 1s almost the Sate - as the pLevious one, Thus, the
: de51gn dlscharge for Sabo and river 1mprovement plan, whlch is taken as
SD—year probable flood, was hot reVLSed,_' '
s3.*' Sabo plan for the rlvers of the Qu1na11 (A) and the Yawa Rlverr
ba51ns was changed after the fleld survey and aerophoto lnterpretatlon,
| con51der1ng the dlsaster and the devastatlon area due to typhoon

"Dallng"'

".4.._ R1ver 1mprovement plan was not bas1ca11y changed 1n thlS study,

'.: “since the des;gn dlscharge was not rev1sed.

: 5. f A51de from the re assessment and rev1ew of the Master Plan, urgent

cE erGI 1mprovement works and facllltles at’ several places were. .

lldentlfled thfough the fleld 1nvest1gatlons 1n 1980 and 1982. They are
:'Oas dlvers1on, Tagpo—Cavacl shortcut, Gulnobatan 1mprovement and the

Tagas Rlver. However, the constructlon cost and 1mp1ementatlon

' fschedule Eor the works are not 1ncluded in this stndy due to

”,1nsuff101ent data.: Therefore, the WOLks should be 1mplemented atter

further and relevant studles.,

:6- Agrlcultural development plan and lrrlgatlon development plan 1n

'd"-the Master Plan were not changed 1n thlS study.
) 7;' Prov151onal prOQram for the 1mplementat10n of the Master Plan waa-

:-_malnly changed on the Sabo plan, taklng 1nto account the 1mportance,

necesslty and urgency of each Sabo fa0111ty._l
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8;: Constructlon cost 1nolud1ng phy31cal and price escalation o
.oontlngen01es was changed based on the mld 1982 prlce level and f
‘ modlfloatlon “of- Sabo ‘works ‘in: the Master Plan.. FlnanCLal cost 1e

. eummarlzed ‘as fo]lows.-mf.ﬂ-"

(Unit:  million pesos) .

"River Bagin "

- fI'tém' FETNT Qumall (A} r.'Qu'i'nali"s(B')' B Yawa ‘Tot'alf 7

‘Whole Constructlon Perlod -101- 'TJ 8 'SI{IIh,7 IR 1g‘iV

-"Sabo Works _' o f”el; __-"hlngSf* i jll.é;:'hf'l33}3 L '317;45“
Rlver Improvement Works .“=i,3llt3i_.:'f:1414¥0.w n:,:ST;B“' 1,783:1 .

Irrlgatlon Works . . 120;8 S isn3 e hi_l?é.if:“

totalCost . 1,599.6 7 476.9 - 196.1  2,272.6

| 9- The flood damage reductlon beneflt was obtalned through executlon:_'
of the proposed Sabo and rlver 1mprovement works. The annual flood
damage reductlon beneflt of the whole pro;ect totals P34 8 mllllon
"compr131ng P29 0 mllllon for the Qu1na11 (A) Rlver, P2 5 mllllon for

_the Qu1na11 (B) Rlver and P3 3 mllllon for the Yawa Rlver ba51nsr

o 10;: The annual land enhancement ben f1t of the whole pro;ect was

'estlmated at P33 7 m11110n through the land”

1ncludlng P24 2 mllllon galned from the 1rr1gat10n development 1n the L
fQulnall (A) Rlver basxn and P9 5 mlllLon from the 1rrlgat10n e

eevelopment 1n the Qulnall (B) Rlver ba31n.-

:li}_ Economlc evaluatlon was - made on.the basxs of “Wlth and Wlthout |
project pr1n01ple"' The economlc 1nternal rate of return estlmated 1sfei
4.7% for the. whole pro;ect, 5 7% for the Qu1na11 {A), 25 7% for the sl
3Qu1na11 {B) and l 64% for the Yawa.l -
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C. Rewstudy of the Sabo Progect _ :
1. After completlon of the re»assessment and eriew of the’ Master

-jP}an, both a Sabo project on- the southern slope of Mayon Voloano where’=
-_the ser1ous d1saster occurred durlng typhoon “Dallng“ and a dlsaster

predlctlon and warnlng system prOJect were prcposed.'

2.0 Based on the fleld observatlon and lnterpretatlons of aerophotos
.'taken 1n 1980 and 1982, the dlsastered zone by mud/debrls flow at the
efoot of Mayon Volcano amounts to 1 329 ha 1n 1980 and 1 767 ha ln

1982. By the results of rlsk analysls, zonlng area such as danger
| _zones and safety zones was 1dent1fled in the prOJect area. Shelter j

ﬁ zones and emergency evacuatlon areas were selected by the rlsk analysls'

' only based on the aerophoto lnterpretatlon.

-[3._ The Sabo prOJect w111 be performed bj selected Phlllpplne
' ycontractors through a competltlve blddlng. The constructlon perlod y
1}requ1red for the proposed 1mplementat10n program 1s to be 8 years
"1ncludlng Stage I Sabo works and Stagemll Sabo works con51der1ng the
budget cf the Phlllpplne Government. The constructlon works are
\d1V1ded 1nt0 elght (8) yearly programs con51der1ng Lhe prlcrlty,;

effectlveness ‘and urgency of the Sabo fac111t1es 1n each river.:

-4, 7'D1saster predlctlon and warning: system plan was establlshed to
'predlct the occurrence of dlsasters and - to av01d casualtles and

economic’ damages.'

_:SL: The total constructlon cost of ‘the Sabo pro;ect was estlmated at
"P305 9 mllllon, of whlch PlGl 5 mllllon (F/C 'P44.0 mllllon, L/C Pll? .5
mllllon) is Stage—I constructlon cost and Pl44 4 mllllon (F/C 934 8

-_'mllllon L/C PllO 0 mllllon) 1s Stage—II constructlon cost..3

6. The pro;ect cost of the dlsaster predzction and warnlng system was
'-estlmated at 2, 070 mllllon in forelgn currency portron and P4 ‘059 R

thousand 1n local currency portlon.-



'7; ?rogect implementation for the Sabo project was planned for 1tems'1f""?

such as executlng agencies, implementatlon schedule, mode of

‘cons tLuctlon, operatlon and- malntenance and consultlng serv1ces..

8, The 1mplementat10n progzam for the dlsaster predictxon and warnlng
.system progect 1s div1ded 1nto three stages. The constructlon perlod A
of 3 years is~ requxred for the flrst stage, 2 years “for the second '

”stege and 2.5 years for the thlrd stage.

9. Economlc evaluatlon of the Sabo prOJect was made 1n the sarie way.
as- the re—assessment and rev1ew of Master Plan. Flnan01al evaluatlon _
'was also conducted nd beneflts of the dlsaster predlctlon and

warnlng system were assessed.



' D; 'Pfincipai Feafﬁrésfdf the_Projéct: -

1.  HydTbi0gj.aﬁd'Gcomorphdlogy

;i) gdéhérai’

'3Item“3j

“River Basih

Ouinali (a)

Oviinpli (B)

Yawa, -

Drainage. Arca at
RiverquuLh L

River'ﬁenéth:gt

‘River Mouth

Average ‘Aiinual

. Rainfall

524 Jan? o 158Lkm2_

{at Lake Bato) -

S5 km -.' : 31 kmn

" (at Lake Bato)

2,400 mm

(at Guinobatah) {at Malinao)

47200 mm

-74'km2f

17 ko

3,300 mm
(at Legazpi)

2} 1-Day Point Rainfall

Staﬁion

‘Master Plan

Review:

'Gﬁinqﬁatén

Lég@ﬁpi

_A115ng_f_ ;

" Sto. Domingo -

Maiin50 

" Quinali (A) River basin

(1956 = 79)

(Period)

';3867mm

(1956 ~ 79) -

519 -

(1956, = 79)

:IBSQT

(1975 ~ 79)

350 -

381_::_.

358

(1972 = 79)

(1972 = 79)

(Period)
394 ma
(1956_§}81)_

510 .

(1956 - 81)

344

(1975 - 81)

342"

(1956 ~ &1)

382
(1972 - 81)

336

(1972 - 81)

-yl



3} * 50-Year Probable Flood Peak Runoff

Name of
River -

Drain

Arean Plan B

age Master. . ST
g : ‘Review Difference

Quinai;_(A)
(4-59)
Nasisi':

'(A-34)

"Yéwa..ﬁu
(¥—14)

'._PaWQHBurabod

(Y ]2)

_.Anullng
(Y-1)
-'Qningii (B)
- (B-21)

5242

84,2

T4.4

Q7u6

9.4

Xkm l .4,070 m3/ééc 4,170 wl/sec o 2.4ﬁ%_‘

A

'1;657  ' ' 1;656.l'. :.:..' 2.

é,ééﬁl - 2;i42 | | 1.-2’%;
.299~-- .. :‘ 296 H0
371 R _:"_.::3?31: :. . 11

Remarks:

The dlffelence between the Master Plan and thls

-study is neﬂllglbly small, 50 that Lhe’ probable

50~year flood peal runoff "in ‘the Maste: Plan is
not changed. :

2, Sedimeﬁt‘Volumé_fof:Sabo-Wdrks .

'Namé'of River:

Sediment. - _ A]léﬁable:'f T Excese

RunoTf & ’ "Sed1mcnt :.3 v Sedlmenﬁ

Qun angay
:Tumpa
\fan ini 1 a
N&S&rawdg
Ogsong
Nasisi

) Anullng

 Bud110'

e }_Ta,wa,—Bur.a,:b od N

Volume (m3) o .. - Volume w3) 'Volume (m )

960, 100T;‘- o ;82 600 171, 500
- 43,800 L 35, 200 . .8,500
94,000 136,700 . 57,300
76,800 77,600 199,200
140,5000 32,700 107,800
992,100 270,000 731,200
415,600 © 85,800 329,800
234, 600 58,106":-: 176,500

; 252,000 H_;_ﬁ-‘_;=;'69 500="',";7 f182 500fs--“

‘Remarks:

Sedlment Volume for the Buang Rlvel (QUlHall (B))
‘is not. changed in’ bhlb btudy They are 319, 700 m3
143 700 m3: and 176 000 m3 respectlvely >

Ce vido—



3. Sabo Facilities

A&TO of . Proposed Works Scale of Works Remarks
Hiver | _ ) - . ] - o

Quinali ‘(A) River Basin .

10.0 m
30,0 m

Height:
Length:

'Quirangayf'Sabﬁ nam'_ 
o (51it type)

Tf&iniﬁg:Levéé-' Length:"3105m _ : On the left bank
"~ Spur Dike | iAt fgﬁyi(4)Hsi£ésu_.': On the left banl
. (Type B). .  Total -length: 990 w -~ '

At.sixtéen_(l6);§ite$- ”Dfo?: 1.0-2.0m

- Consolidation ites.
Total_length: _160,mT

'(with'éobpnﬁt fence)

~Tumpa

Grbﬁnd'siil At niné {§) sites

“Maninila

‘Masdrawag

(Pype B) -

Sabo Dam

.(Slii}typé)

Spur Dike:

Ctype A)

Ogsong o

Spur Dike
{Type A) -

Je J(,l't‘.}.r

Grouﬁd.sill.

Nasisi

(with crib)

Consolidation dam

Ground sill
(Type A):

" Yawa River

Basin

* Sabo Dam

:'Tqﬁal-leﬁgth{:s2609m ‘

At two (2) sites

At three (3) .sites .

Height: 10,0 m

'-Total-lehgthf 450 m

Height: 10.0'm

- Length: 120 m

: Af f0ﬁrf(4)3sitesH' _
Tétal length: 910 'm

:Af.six_(e) Siﬁeé.
“Total 1epgth:- 1,200 ‘m

At éeven_(%) sites

Total length: 560 m

At séfen;(ﬁ)'sites

Total length: 430 m

Total length: '690_m:_

Diqp; '2€O;3J0m
.with?éﬁﬁr;dike

with ‘spur dike

 Anuling . ¢ Anuling 1

i (Slitytypé): Lengthf'_6Q.O'm o

Ohe,iéhéﬁﬁééﬁe&

At two (Q)fsi%és 7 “ati
© with spur dike

~Ground sill | K
E Total length: 210w

 (Type A)

: 0n=£héfrighi‘

" Length: 600m. . |
B : : - bd,nk ‘Ahuling 1

=TrainingiLevee C




Name of -

' Prbpﬁsed‘WOst

Seale 6f W0rks._

Remarlks

- River
Sabo Dam Heigﬁi - 10.0m © Amuling 2
‘(SLLL bype) -Lenath 70.0 m =
ﬁ:Spul lee ‘At two: (2) 31Les "
'(Type A) Total 1ength S 540 m
Spu1 lee At Font! 4) sites wanétféﬁm'of'ihe
(Type A) Total 1ength 860 m : confluence "
. Spur'Dike  AtQ§he {1) site ‘ M
(Type B) Total length: 480 wm -
Budiao ;Sdbo“de IR ' Héighﬁ:  lO;Q m
(81it type) - Length: 90.0'm
;Trﬁining Levee J:Léﬁéth:' 400 m : On the left bank
:Spuf'Dike ,Afgﬁhfée‘(3) $ités
~ {Type A) Total length: =~ 760 m'
Spur Dike At one (1) site
e (Ty‘pe' BY . Total length: 400 m
Pdwa~: ;babo Dam T .EHéighﬁfg‘lQLO m. .
Burabod  (S1it type) ‘ Lengthf +.80.0"m
_ Conso11dat10n'd3m ‘;Helght 4.0 m
e R Length 120 m
Spur;biké' AL four (4) Sltes
A Type AY - Total 1ength 1 000 o
Sﬁuf.Dike . _‘At thlee (3) 31Les
(Type B) Total 1ength 750 m

Hemarks:

-'the same as - Lhe ‘Master Plan

- A%

.Sabo fa0111tles compr181ng 1 Sabo dam and 4 Consoli-
dation & Spur dike' in the Quinali (B) River basin are



4, :Ri§er:impr0vement Wprks_--

Ttem

' Rlvel Ba31n :

_Quinali (A)

. Yawa

'Improvgmeﬁt tength1

" Design Discharge -

Pfdp@sédrRivégﬁéd:S1bﬁc

Proposed River Width

Pfo?bééd:bevée T
_Top Widfh':
Ffééboard_ RS

:Préposéd'RiVéf o
Cross Section

Sluiéewdy _

48.8 Jm

9200~
4,260 m3/sec.
1/1,550

80 - 450 m

12
S 4=5m
1.0 - 1F2Jm- '

' blmple and
:Compound

7 sites

j.(2m x 2m x 26 ﬁos.)

Qulnall (B)

_21.8 km‘

270 o
2,420 m3/sec

Z1/80 -
1/1,200

42 — 270 'm
Sl 2

L0 - 12w

: Siﬁpié and -

Compound

‘:2§5 km

2,150 m°/sec

1/300 -

1/1,000

150 - 190 m

;. 1.:2 m

'.Compﬁund:_

Remarks:

are not changed in: this Re-study

River 1mp10vement w01ks establlshed in the Master Plan



: 25;:.AgriCuliﬁrdlxbevelopmoht Scheme .

. Rlver Bas1n

..Qoiodli:(A) o fQanall (B)

Tten

' Ifrigation'iieazi_: _ . s L

. Exisbing (Net). 7 T 73640 ha 1,370 ha
Proposed (Net) o . 6,350 ha . 2,400 ha

Weir (New) o ooy

) .Ilrﬁélie _(ﬁé@q) "'f" o _ : : _. ‘ :_'.3.‘. C .: ' 1

Ifﬁiga{ion Canal o - - _
Main . 4km 11 ks
;Seoonda}y_ o _ P _ . SOJRﬁEI : -"41 km

-_EDralnage Canml

Maln & Secondary . S _-1' _'3 . TIf#m - ;“_ ' ..5.4$ e
Field Draln: S Q.::" I 238 km . 95 km

t:Fertlllzathn - T : :

.. Bxlstlng S R B _ ~7Owﬁg3N/h5 i '?O-kgnﬂyha

Proposed :_ _ _ | ST P | '._'.: L
Dry Season f”: .. ' ._'-_ . ._lOO'kg N/Ha_:': E1;_(_)0'_kg. ﬁ/ha;
Wet Season_: o T: o ‘,K- _ SQ'kglN/ho .L_ :fSO;ﬁg N/ha

--:faiéy_Yiélq-w-‘
:inésent- , _ AIREE S L
_:ﬁrnyeeson S e- o '3;85tone/he.hf  .. 328 ioﬁsfha_
WéﬁfSeaeon  ? i;:_- . SRR 1.5 tdhé/ha :1.' ”.3o5'ton5/ha
' fDry:Season o _.;-” SN ”f-Sib;tﬁﬁé/oa'!e" . 5.C iopé/ﬁo’ _

Remalks" Agrlculturdl development schemes establlshed in the Master
~Plan are not changed 1n thls Re qtudy : :

e xioe



6. St&geﬁise Déyelopmeni'for’the~Disaster'Predicticn and Warning System

. Stations for © . Htations for - External .Informa-’

=_Stage;.' ‘Prediction: ° © Varning " tion Stations

First Stage Legaiﬁi*wéather'Statibn:_‘OCD_Legazp;  PAGASA Legazpi,
| (R) Mayon Rest House  office, ©  PAGASA Manila
" Mabinit o o Matanag '
Qullangay N ~ Ligao
-:Tabaco (EL 300 m)  Libon
~San Roque
ALegazpl Golf
Mlcerlcorala
" ‘Second Stage (R) Ligao, Nasisi . Barangays OCD'Legazbi,_oon-
LR ":Libdﬁ;} _ o 'gother than:_. Manila ;
R B&iéi&ﬁﬁg; ! fthe_abo#eE _  PAGASA Legazpl, L
."ﬂMasarawag - : T&bépo T PAGASA - Manlla.-;
;(W) Ba:bo.'.E ks - f ﬁice?ic6:dia:
“Third Stage = waterjlévei other Lo o
o ' than the above': o A

(V) Micericordia .

. Note: (R) lenfall observator:es'.
. (W) Water level observatorles"
(V) Volcanlc observatorles

-In addlblon to the st&tlons deecrlbed above,'4_warn1ng mobll
Cunits should be ‘prepared in Legazpi and 2- unlts each in ngao_'
-“and Tabaco. :

Cie XAL e



o eerfges

T go6es

gegteTrT

U oLtfTot.

._n__Hum,ww_

<09z
“poL‘1E
98T40%%
Hﬂvw¢«mﬁ
¥6LE 9y
..owﬁ 9T

et o¢s
wom 107

eigtess
__M¢O¢omm
608496

- 6LLY6E

unwm.hmw_

¢m¢ ¢M.

- lggtey)
ovetve
ov9tL

;o asetou

C 0£0'6 . b2TI

PET'T -

CfrTfort 1z0%SC
_..nmo w¢ S F9TTT
; .mﬁo oﬂ. £TT9

ogetis -

oty . -

9t169 OTHILE
868°T . 060°T
S oewl'e . Tog'e
k.wmmhm_ . .898° T
166y Teee

50€ mﬁ T¢°8T

zecizr - CLTivE

..4mmhm : SRR

. 4€8%e - .ZOL'T6

689°¢Lz - €ozgoe

<89°80T ' 96T° Lk

Mmhhﬁw . -

_mpm¢mwmﬂ___umowmoﬂs

T6EAETT _F¢H 12T

:  mcmhw _.__owm
. 800°0T €69°0T-
$99°¢ . : esofe

yeeie o TLTY6

~$Z0‘C00°T B¥S‘#6E
L 6T8%l0%  TBCUTOT
996°L9 - TEF99

LOTEYE -
¥R0°TH T 086712

Ceeetvr -

B ‘ ww@ -
_.wm@ 166 989°8¢¢
_mmvmnoa‘=. mmmhm_

_lgoftel e6gteT

S B9GLT - 026°9T
Coesse uesse

06Tf9%E  TEfece

. __m__a;_Hmpoa

m Qoapmﬂdumm moamm {2}

_monmm¢ﬁpcoo Hwoﬁmhgm (1}

%uﬂwogﬁpmoo ~g

- _Pmou_pqumMszz 198fotg ‘¢
1509 maﬂhmmcﬁmnm.t¢.
.Pﬁmﬁuaﬁpmmmm .W‘

. uetyTSTAbOY 81 TS /AN Jo AUBTE T

T%10% qug’
..xda.mwuopowHPqOo@va

A150xd (v)

umsommdﬂamomaz % goawabﬁmmﬂm (€

H@Hwﬂww Amv
wmoo pomnﬁm Aﬂ
pmoo pomupmoo T

B UWOT3a0d

STenoT.

L QOHPHom
..@;%oﬂwnhso %oﬂmnhﬁo
B Tudtexof

UOT] Hom...mOHPHom

Kousaany Kdusxany

~Teoo] -ufTexog

UCTZIG] - nOHPHom

Lougaany .  Aopuszin)

. WOTYA04 . WO TRIO]
ALousdrany - LAouerang
Teno. - udraidg

‘Te20. . udToxog

.ﬂnuiw.;gaﬁvoau

IOATH BABL

HwaﬁmﬂHommn

- {Sos34.000T

TITERY

werg ae3sE oy o Apnys-oy sus A4 parepdn

ToATd (&) T{PUtag .

TEATY (V) Treding

xiii



vegfcoe

T8BLTI
C16°TE

UG0EcL

019 T

o7

Z0T49%T

_mmmm“¢,
. 968°TT
| 66TL
LBS0MTT

eegtotT

180172
122401
. S0EfL

09 pT

_ov_
mow ¥6

“Hoh N.
895’

9tity

9LT L

. ,wowmﬁm

- ZgLeT
F69°L

_._ymmmgm_

AR
925
escte
€88

bzeiec

cLrtgl

6

0Tl

o LTg

£ygf

L89°¢¢

41
Ll
;HNNOW
RS AR
Cicet
¥8L
868

‘601 608*vE

‘g -8OLUTI
A (A

- B

9. "8g0‘0C
T b8
LT
T 500°T
‘T oEstT

et
Tyl
S eeb

R AA

i
. seo!
689
.oEEr
e6R
e
 &.©m9

LT 5965y

“le . #L0°8
8. T899 Y-

nv.. . Lo

ge - -6021¢
T 016
¢ geltz
_N_“; _owme.
P90
m¢__;”mmo“mu

7
A

- 0130 (
M: mﬂo¢cmMﬁ®owHZ % ﬁOHWﬂbthﬁm”A
(

m

o TEeg

zynoqpmﬂmowm_mowgm_mmv

hogwtnﬂpﬂoo.4doﬁmh£@ (1)

%oambcﬂpﬂooJ

Pwou wﬂw&mmwﬁﬁE;Poomoaﬁ

450D mﬂwﬂmmﬂﬂMQMu
JaoWE 439597 -

. uwomyTsTaboy o4Ts/AeM 3o tuBTa

. TEY03 AN

: x@eﬂw,hoauwpﬂnoo.

H@kamw.

HNF"\?}'I{\

. wwoo.éomnag.

Pmoo @o@h@no

V
)
)
).
)
4

g

hoﬁwnnmo

ﬁoapuom

ﬂﬁoog

ﬂoapnom
monuHso
‘uftérog

.DGOH

aue
T

910 .
anﬂo -Ajudzany

8007 - nmAmnom,

 onwnomu

‘.SOH

%uﬂm
T

@hom. "6 19400

Iang “%oﬁmhaﬁu
voo ] uB1saog

0 votgdraose(

eromT

Y

.HH.J mtd@m

4591044 0QRS 40§ 1500 WOTHOMTISUOY.

To 1 - 35e3g

Xiv ~



‘6c0'y €98 m@o z. Nonm

ol ‘._. ;moH mmﬂ

= _‘_mmhnm_mm_._,
S 689%E | Z06°L¥OT 96

.= oo ooefeL

- 000fiT

L 6R9%E L GYTALYE

- lomtert

- oslile

- osvizee
.‘.W. ..H. mﬂ¢uHmm,

- ozetser

A4

- awmoﬁﬂmm»ﬂ 9ct

L ELZT06T

862°LT

___mhmwmpﬁ

000°8€

CL6SPET

orLice

01261

cLo's

w¢@w@m_

CeTT . 9TYh

CE9TYT Lp9ThY

. t..:. . .NOHnmm.

Lp0EfT T TTI8'SRp

o Cotrfos

eTT . TegTee

€gTT 1 009°TTT

ooLfor

- 086°LI

1

€L2°98

L¥I8'sS

€ezie mmbh“mmmﬁﬁ

Ccoe ol 921
__mmﬁohm;__m.mpo pom H_
- oLt

evo‘z mmm Ter‘t

- oo m»

...lm. a;...DOOwﬁN

D8v0fz . €08°TTZ

095°€6

- 008

- £80%00¢

oz mostesT

wmoo ¢0HpoﬂnpmwoouHﬁPOH

:/%uﬂumﬂﬁpwoo.

wmou_QOﬂpuﬂhpmnoo otsBg
_voﬂbnmm_honmpﬁswqou

("8 9% "T) T®10% qng

- {amex mﬂﬂv.moﬂ>Www.mm¢ﬂﬂmpﬂﬁwE.

L BuTuTRay

S3{X0K WOT4BTTRYEUT

 STeTIeqEY TOTIETTRISUT

.HL&opw%m‘dOﬂPduwﬂs&EQQ_mm

wagshs

ﬂOHPonﬂﬂesoo oaﬁdm xmﬁmapﬁﬂz

;.ususwpmhw cw@dm,wwmuo4m
=T 4q Emehw.MﬂwnhﬁkJ

o . Em#mhm oa@@m_
.umz Oma hn Emym%w hhpoamﬂma.

€1

‘21

0T

nOﬁphom
JrRpmsxany v huﬂwhmno
kuog , ﬂmﬂmnom_

qOHPnom ‘Hdoaphom

TE007. UBTYA0Y

m;nowwwom.:.ﬂoapaom
honmmnﬂo Aduszany ¢ Asuarang %oﬂmnnso hoﬂmnnﬂo

Hduoq "uSTelod

ﬁowﬂhmm @QOHﬁhom

S TEoofq uwoTadog

ﬂdwow

. TIT-88%38

uotydtanssg

Aommm 600t Ry oooﬁ

AT

T1-95%18

1-95%43

wepshg BUTUARY PUE WOTLOTPSLL 193€BSIC T0F 480D WOTRONIFFUY 6

A



'}'Annual Negat1ve Benef1t by '

10. Eéohéﬁic C@ét'and'Bénefit

River Basin

;._Iﬁem_ :

Ouinali (B) B

Yava,

Total -

'“Whole Constructlon Pellod - '_.10
(years) e :

HQuinﬁii’(A)

Sabo Works .“'--_' '_: _ 76.3

(mllllon pesos)

;'lever Improvement“ﬁorks - 592.2

(inillion pesos)

| Irrigation Werks . T3.7

ﬁ(millioh.peSOSJ

STotal Cost o .. T742.2

“{million pEsos)

8

4,2

209.7

30,5

244.4 -

.
75.8.°

32.8

108.6

.16
:£§6.3
©834.7
3104.é_"'

1,095.2

Annual Flood Reductlon Beneflt 2@00
-(m11110n Pesos) L :

“River Improvement
f(mllllon pesos)

Annual- Mud/debrjs Plow ;1 _‘L11}8'

Reduction Benefit

. (million pesos)

“ Anrigal Land thanéement Beneflt 04, 2=

e (mllllon pesos)

Potal Annual”Benefit 54T

(million pesos)’

e Ihternal Rate bf Return (%)  o 5;9_

2.5

9.5

12.0

1.7

3.3

5.0

3.5
33.7

7T

:..2.? :

2.8
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1. - INTRODUCTION °

1. l Historical Background _

Mayon Vblcano w1eh ah elevatlon of 2,469-m which is“located in the
goutheast of Luzon, the Republlc of the Philippinés,shas'erhpted:'
periddidally adet once every 10 years. 'in'the'surroundihg area of
Mayon Volcano and the, Quinali (A)‘Riﬁer'baSin, the ejecta as lava, -
volcanlc ashes, etc. from the volcano has run out ‘as an.avalanche of
earth and rocks or a debris flow w1th heavy rain and thus has caused
such serious damages as burylng of houses, paddy fleld, and washlng
away of rallway{.and, dlke, etc.  In the plaln area of the Quinali (&)
River basin, flooding ‘has brought about much sediment deposition and
thus caused a'seriOus damage duesto fioodfinundaﬁion. Sabo'works for
the surrounding area of the volcéno3ha§e bheen a long—cherished desire-
of the 1nhab1tants in this reglon and also an outstandlng problem of

the Phll;pplne Government,

in Auéust; 1977, the_Philippiﬁe Government'dfficiallf requested
the Japanese Government to‘study'the Project. In respense to the -
request of the Philippine Gevernment, the Japanese Government
despatched three experts during'tﬁe pefiod from January 16 to January
19 in 1978. They examined a course of cooperation by the Japanese
Government,'necessity of preliminary study, and possibility of the
project'impiemeﬁtation. :AS'é.conelusion,-they were convinced of the
necessity of countermeasu;es against debr is extrusion and recommended

the ‘urgent despatEh of a preiiminary study team.

in responseito.the“above.recqmméhdatioh and the request. of the
Philippine GoVérﬁment, a preliminery'Study team éonsisting-df SiX'---
experts was: despatched to the field during the PELlOd from May 29 to
June 17 in 1978 Phe team confirmed the urgent nece581ty of the proper
stﬁdY“aﬁd possibllltv of the project implementatlon based upon the
.results of 31te reconna1ssance and 1ts examination,. hearlng of the
31tuat10n from and the consultatzon w1th the Phlllpplne Government.
The team then proposed the basic pr1n01ple, work items’ “and work

schedule of the study of the PrOJect.



The Project was studied by two (2) phases. The Study Téam for the
: flrst phase was despatched to ‘the fleld during the perlod from o

_ September 17 to Deeember 18 in 1979, and performed detailed de51gn of
,Sabp faq1lltles in the Pawawﬁurabod Rlver,_a tributary of the Yawa
:Rivéf acdnrding'tO“the request of the Philippine'Government; And the
"l_‘eém"submi:t'ted the Design Report to the Philippine Government in March
1980. ' '

The Study Team for the second phase was despatched to the field.
dUring the petidd £rom June 23 to August 30 in 1980,'and_establiéhed
the Master Plan for the Proyect.' And the Team -submitted the Master
Plan Report to the Phlllpplne Government in March 1981, The study’
-covered the area of Mayon Voleano and its surrounding’ area, whlch is
‘.dlrectly of 1ndlrectly affected by_the mud/debrls_flow and fload flow.
. The study included the Sabo norks, the river improv&menﬁ works: and the

. irrigation works.

~ After the disaSten due to typhoon Y"Daling" in June 1981, the
Philippine.Governnent offiCiélly requested the Japanese Government to
provide a technical assistance for the re-study of the Project in
Augnst 1981. .In'resp0nse to thé request of the Philippine Government,
‘the Japanese Government despatched a prellmlnary survey team in
February 1982, The team comflrmed a necessity of re-study of the
Master Plan and a disaster preventxon program, takxng into account the

recent disaster that occurred in the area.

The Study Team was despatched Eo the field during the period fiom'
.June 1 to July 31 in 1982, and conducted the re—study of the Project.
The Team also prepared detalled englneerlng de51gn of Sabo fa0111tles
=for urgent prOJects in the first year program after further study in

Japan, -



l 2 Objeotlves of the ReuStudy and Scope of Work

The study is. conducted to protect human llfe and property and
promote the llvxng standald of the populatlon in the Mayon VOlcano
area. The ob]ectlves of the atudy are to rewassess and rev1ew the’
Master Plan, to re-study aﬁd formulate the Sabo. Pro;ect and to prepare
a detalled englneerlng de51gn of the emergency Sabo/er051on control

facxlltles. The study aims in detall.

To re—assess and rev1ew the Master Plan for the Mayon Volcano Sabo -
and Flood Control Prcject submltted by JICA in March 1981, taklng
account of the recent dlsaster occurred in the Mayon Volcanc area ln

June and July 1981 among others.-

" P6 conduct a risk analysis and identify the =zoning area for the

disaster preparedness.

To make a study of the disaster prediction and warning system
covering the area of the Mayon Volcano and its surrounding area and to

establish measures for disaster preparedness and prevention,:

To prepare and 1dentlfy the Sabo pro;ect 1nclud1ng an 1mmedlate
phased 1mplementatlon plan of urgent Sabo fa0111t1es, and to fcrmulate

the 1mplementat10n arrangement of the Sabo pro;ect.

- To prepare the detalled englneerlng de31gn of the emergency
Saho/erosion control facllltles at the selected work site determlned by
the field survey, i.e. several Sabo fac111t1es located in the Anunllng
Rlver and the PawauBurabod River, taklng into account ‘the first year_'

.budget of_the Phlllpplnes.
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II. NATIONAL AND REGIONAL SOCIO-ECONOMIC BACKGROUND

.2 1 Natlonal Soc10—e00nom1c Condltlon _

The Phlllpplnes 15 located between latltude 50 and 210 north
and between longitude 117 and 127O east w1th an area of 300
thousand km2. The natural condltlons of the Phlllpplnes ace very
favorable for: agrlcultural productlon.: Total populatlon of the country',
was about 47.9 mllllon in 1980 with the populatlon den51ty of about l60'
:persons per kmz, whlch 1ncreased ‘at an average rate of 2.7% per annum

durlng the perlod of 1970-1978.

The g:oss domestlc product (GDP) in 1980 was P270 bllllon or the
equlvalent of US$34 b11110n, and per capita GDP -was approxlmately
P5,640 (Us$710) . about 39% of GNP is occupied by-serv1ce sector
folloﬁéd:by'37% of industrial sector. The agriculture'sector has
relatlvely lower share in GNP compared with other non-agrlcultural
sectors, wh;ch.accounts_for 23% of GNP. Durlng the - past five years

from 1975 to=1980, GNP in real térms increased by 6.3% per annum.

The government of the Philippines_haé embarked on'the'five—year-
plaﬁ (1983~1987). The plan envisages to raise GNP at'an avefage annual.
growth rate of 7.7% for the five-year plan period. The major'hational
goals of ‘the plan env1sage to attaln, 1) sustalnable economlc growth,
ii) more equitable dlstrlbutlon of the frults of the developnent and

iii) total human development.

2.2 Reglonal Socxomeconomlc Condltlon
The prOJect area 1s located in the BlCOl Reglon COHSlStlng of six
prov1nces (Albay, Camarlnes Norte, Camarlnes Sur, Catanduanes, Masbate
“and Sorsogon}, three 01t1es (Iriga, Legazpl and Naga) and 113
mun1c1pa11t1es. The BlCOl Region has the total area of 17, 633 km2
.and the total populatlon of 3 467 thousand in 1980. Annual populatlon
'growth rate of the Bicol Region was about l 6% on an average from 1970

to 1980 and populatlon den31ty was 197 persons per km2 in 1980.



Gross reglonal domest1c product (GRDP) ot the BlcOl Reglon between'
1975 and 1980 grew by 4, 6%, or; in absolute terms, from PZ 554’ m1111on
.1n 1975 to P3 195 mllllon in 1980 at 1972 constant prltes. Per—caplta :
" GRDP was about P920 in 1980, which was lower than the natlonal level

o Aqrxculture sector 1nc1udlng flshery and forestry is the reglon 8

' laréest economlc sector, produ01ng about 52% of the kotal reglonal
.product 1n 1980 'In:1979, there were. 1, 271 thousand persons employed _
compared with 911 thousand ln 1970 and the . employment has 1nhreased ‘by
3 8% annually Agrlculture remalns to be the main source of llvellhood
.as ‘indicated. by about 739 thousand workers, or '58% in agr1culture
act1v1t1es, and 1ndustry s share was approx1mately 176 thousand or. 14%,
while the rest of the economy accounted for 356 thousand or 28% of

"total employed ‘in 1979

All the consumer prlce 1ndlces in the Bicol Reglon 1ndlcate prlce
"1ncrease durlng the perlcd from 1972 to 1980, and espec1a11y hlgher
-,prlce .increase durlng the perlod from 1972 to 1974 was caused due to
‘guadruple 1ncrease in oil price. The ‘consumer pr1ce 1ncreased by 12,9%

annually on.the average from 1975 to 1980,

i To contend w1th the problems of ‘the region, the development ‘plan-
' for 1983-1987 ‘ig formulated.‘ For the years from 1983 to 1987, an
average growth rate of . 7 4% is aimed. to lrft the GRDP from P3 829
mllllon in 1983 to PS 094 million by 1987 for. an - 1norease of 33% over
Ethe flve-year span. Among subsectors, agrlculture w111 1ncrease _
_productlon by 7.4% annually, 1ndustry by 5 2%, and services by 8.7%,
- Valued at . 1972 prlces, outputuperuperson 1n the region will 1ncrease
:from Pl 035 in 1982 to PL,290 by 1987.
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III. PRESENT CONDITIONS OF THE PROJECT ARTA

3.1 Geomorphology, Geology and Land Cla581flcat10n '
3. 11 Geomorphology '

" an env1ronment of the Mayon Volcano 1n Albay Provrnce 1n
southeastern Luzon and the Quinali (A) Rlver ba51n between Mayon
Volcano and Lake Bato are studied for the pro;ect area. Mayon Volcano
is ‘one of the world famous mountains for its plcturesque conlcal form
of symmetry.- It is an active volcano of typical konide stratoyolceno
_with an elevation:OE'2i469 m. There are an estinct:volceno of:Mesarage
© (EL. 1, 328 m) in the west side and. a dormant volcano of Mallnao (EL.

1,548 m) in northwest 31de of the Mayon Volcano.,

A low hill area lower than EL. 400 m is extend1ng ln the south of
the project area, comprlslng ‘sandstone, shale,_llmestone and volcanlc
rocks of Plelstocene and Tertlary. "The surveyed area can be divided
1nto two geomorpholog1cal areas, Mayon Volcano area and alluvxal plaln

area.

(1) Mayon Volcano

Mayon Volcano 15 a typlcal stratovolcano consxstlng of alternatlon
of lava and pyroclastlc materlals, showing younger ‘stage of geomorphlc
cycle.' Contour line is concentrlc around - 1ts crator. Characterlstlc
drainage pattern is - radlal and consequent valleys ‘have: been formed _
R1vers above EL. 200 m~- 300 m are 1ntermittent streams wh1ch flow ‘only
- in heavy-ralnfall time or. in ralny season, because most of the.ground_
is covered with well-permeable pyroclastlc flow deposits."Between .
| summlt and m1d slope of EL. 1,500 m, the Mayon slope is extend1ng
barren ground with talus ‘covers and grass ‘land of Cogon dlssected with
dry gull1es._ These gullles develop inte V-shaped at EL. l 500 m down
to 600 m; into U“shaped at lower than EL. 600_m, and flnally diverge -
into unsettled shallow channelsgover the alluviel'fan at BL. of 2od'm'—
300 m. River- de9051ts below EL, 600 m are’ mostly debris flow deposit
in recent age and gravelly, accompanylng big blocks. Especlelly,

between EL. 200 m and 300 m, debris flow deposits are-covering the



’gentieﬁsloPe;' The riverbed'ofithe Tower . Basud River'iS’raised up cloé?
to the glrder of the San. Isidr0mbldong Brldge on the eastern’ ‘slope. On
the other hand ‘at the Buang Brldge on the lower: Buang River on the -
western slope, the rlverbed is scoured and bridge plers are exposed at
the foot. Slope gradlent of Mayon Volcano can be c13551£1ad at ¢clear

trans1t10n 901nts as follows.

i slope sectlon - T - -Gfédieﬁt"kdEQEEQ) .
‘Below elevation of 200 m - 300m less thanjﬁo '

-  500m - 600m °  around 50

o : BQOamff‘l,GOO‘@ _'T.-:  R :15°f+.206
N "o 1,6000m - 1,700 m | 250 ~ 270
“above . 1,600 m - 1,700 m

300 - 420

_ Thus, dlfferenCe of ‘slope. gradlent is more than 10 degrees around f'
:EL 600 m, where very sharp tran51t10n of gradlent appears.: It shows
EZthat the upper slope of the trans;tlon 901nt is covered w1th debris and-
:_volcanlo e]ecta on the surface and 1ava flow underneath, and that the
floWer slope mostly comprlses pyroclastlc materlals.: It means that
fdebrls flow comes lnto exxstence and runs on the upper glope and’ runs

'through or de9031ts on the lower slope.

o There are several small hllls of c1nder cone, dacltlc volcanlc
splne wrth an elevation 1ower than 300 m, such ELE Tagontong Hlll of .
jKllicao, Mt Qultulnan of Bublusan and TFancalao Hill 1n the southwest

of Mallnao.

_'(2.)= Alluv1al Plaln___

- | There are develop1ng alluv:al plalns around Legazpl Clty, south of’

ithe Yawa Rlver along the Albay Gulf, and plaln along the Qulnall {B)
onlver, whlch rises in Mallnao Volcano. and Masaraga Volcano and
fdebouches 1nto the Tabaco Bay. These alluv1al plalns are exten51on of
”alluv1a1 fans on the skirt of . Mayon Volcano. North of the plaln along

: the Qulnall (A) Rlver, debouched to: Lake Bato abuts on the sklrt of

' Masaraga Volcano w1th an elevation of 1, 328 m. South of the plaln



' abuts on the foot of hlllS with an elevatlon of about 400 ‘m of
lsedtmentary and volcanic rocks of Plelstocene —-Tertlary perlod The

plain extends w1th a w1dth of 6 km.

An ‘active faelt"(San-vicente‘e'Ligao Fauit) is running along the
boundary between the hlllS and the plaln, showing very clear line

extendlng to WNW ~ ESE dlrectlon.

Lake Bato ‘where. the Qu1na1} (A)'Rfver debocChes, is very'shallow.
Its bottom is about 1. 5 m above mean sea 1evel, 1ts surface is 6 m in:
elevation and its’ surface area lS 20 km2 hav1ng 1ow flat plaln

around the lake.

3 l 2 Geology _ _ _ ‘ e

The Phlllpplne Archlpelago is located in the C1rcum—Pac1f1c .
aIslands arc or ln the Clrcum—Paolflc Active Zone, where volcanlc and
earthquake act1v1t1es ‘are - concentrated ] BlCOl peolnsula 15 1ocatea ‘in
.a graben between Phlllpplne Deep on the east and Ph111pplne Fault Zone
on the west. A big- active fault’ (San ViSente-Ligao Fault) of WNW-ESE.

is running in the south of Mayon Volcano.

A series of typlcal ande51tlc volcanlc rocks has been developed
around the Mayon volcanlc group durlng Lhe perlod from. Tertlary to the
Recent. Acoordlng to the plate—techtonlo theory, when the oceanlc B
'*plate (Phlllpplne Plate) thrusts underneath the Phlllpplne archlpelago
to the’ depth of 100" ~ 200 km, the plate is metamorphosed and emltted
. hot fluld causes meltlng of mantle materlal to form ande51t1c magma
' wh1ch extrudes as, volcanlsm. Geology of Mayon Volcano and . 1ts '

-surroundlngs is cla551f1ed as follows.'

(1} Volcanlc rocks of ande51te and dacite (partly 1nc1u61ng phyolite}
and sednnentary formatlons of sandstone, shale and conglomerate of

Ollgocene to Mlocene Tertlary,

{2} Ande31tlc volcanlc rocks of- upper Miocere Tertiary to Pleistocene

Quaternary (partly 1ncludlng phyolitlc volcanic splne and clnder .

cone) .



(3), leestone and limestone«bearinq sandstone, mudstone and

3'conglomerate of ‘Pliocene Tertlary to Plelstocene Quarternary.

{4} ‘Lava, ash fall de9031t5, pyroclastlc Locks, debrle flow de9031ts,
and mud flow dep051te formed dlrectly from Mayon actlvxty durlng

the perlod of Pleistocene Quaternary to the recent

~{5) Alluvium consisting of grevel,osand and silt deposited in Holocene

(partiy:including:litroral deposits).

Items ) = (3) are developlng around Mayon, Volcano and hilly area

on both sides ‘of. the Qulnall (A) Rlver Plaln.

No sedlmentary rock formatrons such as l:i.mestone,r sandstone,
conglomerate and mudstone are developlng on .the north. 31de of the San
E Vlcentenngao Fault, but all is covered wrth volcanlc rocks.
Sedlmentary rocks and volcamc ro-cks that. formed before Mayon act:wity
'_are rather hard and. compact, resistive agalnst corrosron and sound
enough for foundatlon of heavy structures, hough thelr dlstrlbutlon is

_very 11m1ted.

There are. several low hllls in Lhe sklrt of. Mayon Vblcano, which
are thoroughly or partly covered w1th volcanlc ejecta from Mayon :
' ..Volcano Most of them are ande51t1c and daClth lava dome, volcan1c
.splne and 01nder cone’ as mentloned above ;- 1n 1tem {2).. . Volcanic rocks
5on a. hlll, north of Sto. Domlngo and ‘Mt. Bulakawan, south of Mallllpot,
is tne same serles of ande51t1c and dac1t1c 1ava,-1ntercalated wWith
ﬂagglomerate, and both belong to the volcanrc rock in 1tem (l)._.There'
'lare many exposures of hard andesrtlc rocks along ‘the - Bulawan Rlver and.
the Tablgyan River around Mt. Bulakawan. Exposures of andes1tlc rock
in 1tem (2) ‘are also found on Tankalao Hlll, north of Bantayan on the

.Quena11‘(B) Rlver.andzln southwest area.of Tabigyan.
The first ekploéion_of:Mayon:Volcano; ever recorded'in‘hierory is

in the year 1616.; The‘aorive voloaﬁo'hae been erupted periodically'
'about once:a 10—year slnce the year 1928, Magma in Mayon Volcano is
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andeslte or ande31t1c basalt with lower v1sc051ty. -Destructive _
exp1051on as 1n Lhe case of dacite or rhyolltlc magma did not take :F,
place 1n Mayon Volcano. CBut drastlc damages caUSed by mud and

'pyroclastlc flow will be a matter of deep concerns.

Slope Eormlng materials of Mayon', Volcano are cla551f1ed 1nto- '(a)
debrls flow, (b) ash fall dep051ts, (c} pyroclastlc flow, (d) mud flow,
and (e) lava flow. Items {a) ~ {d} ‘are unconsolldated to some ‘extent
and may have enough bearing strength for Eoundatlon of small Sabo :

structures, but they are less re51st1ve agalnst er051on.

Alluv1um is’ developed on the plaln 1ower than EL. 100 m and
composed of gravel, sand and 51lt. Most of the alluv1um is’ extendlng
along the Qulna11 (A), “the Qulnall (B) ‘and the - Yawa Rlvers and llttoral
sedlment of gravel and sand is de9051ted along coast of Albay Gulf ‘and ,_.

_Tabaco Bay.

3,1.3 Eruptlons of Mayon Volcano and Their Recorded Calamltles
' Mayon Volcano is.a stratovolcano of auglte—hypersthene andeSLte
_accompanled with 011v1n—auglte—hypersthene bagalt. Its'eruptlons are

not so v1olent, but subsequent pyroclast1c flow | and mud flow often

cause calamltles.' The oldest eruption ever recorded in hlstory is that

of 1616- eruptlon records 51nce then are as follows: |

July 1766, Feb. 1814, June 1897, Mar. 1900, 1902, June 1928, 1938,
" Aug. 1939, Sep. 1941, Jan. 1947, Apr. 1968 and Jan. 1978.

Big eruptions amonglthém are in 1814; 1897, 1928 and 1968.

‘Causes of eruption calamities are generally classified as follows:.

-1 -



' Actlvitles'- L . : Outcomiﬁg calanities

7(a),'hot blest (nuees ardentes) - o _growlng cloud

;(b)-ixolllng incandescent material ' pyroclaetlc flow
jc)f*earthquake o 73= o B ‘earthquake
(d)'.mud flow o - _"1 : nud flow
(o) lava flow I -1; ' .-_ lava-flow _

() ash:ehoweﬁ _ - ._‘ . L aeh'fali_:

In the case of Mayon act1v1ty, no blg calamlty of (a), (c), (e)
and (f). occurs.' Blg calamltles w1th a loss of llfe are in the ‘case . of
pyroclastlc flow (b) and mud flow (d} Accordlng to past reccrds, blg
calemxtles 1n the Mayon eruptlon has been 11m1ted 1n eastern, southern
and southwestern slopes.. Pyroclastlc flow occurs at the tlme of
eruptlon, but mud flow usually OC”urS after eruptlon and spread overi
wide area. Several records on blg eruptlon and its calamities are

descrlbed in the follow1ng paragraphs.

(1) oct. 1766 L o _
_ An eruptlon took place 1n July 1976, and nud flow occurred in Oct _
1966 due to heavy rain caused by blg typhoon. ‘Malinao was thoroughly
destroyed and coconut trees were burrled in the mud. flow up to thelr
-top.' Nearby v111ages of Cagsawa, ‘Budiao, Guinobatan, ngao ‘and
Polangul were_heavlly damage&, ‘The 30 deads in Mallnao and the 16

- deads in Legazpi were reported.

(2) Feb, 1814 R R T
Heavy cloud accompanled w;th a blg eruptlon caused torrentlal
rainfall and mud flow attacked ‘the v111age of Bublusan, Cagsawa and
~Budiao Wlth the depth of 10 - 12 m,' The total deads in these villages
 reached to 1,200, | | o o

(3) 1875's dlsaster

No eruptlon occurreé in this year. But mud flow was caueed by |

.heavy ralnfall, recordlng the 1,500 deads.
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(4) 1897's disaster o o | i
A blg«ecale eruptlon took place.. PYroclastie flow-attacked Libog,
-212 llves were 1ost in a day. Hot mud flow also flowed down along the .-

'Basud Rlver, just after the eruptlon.

(5) 1915 s dlsaster : _ o
| _ There was no erupL1on happened in the year 1915. ‘Nevertheless,
big mud flow was caused. by heavy rain; attacklng ‘most of the town of
Camalig, Bongabong and Tabaco. No life was lost by the mud flow, but

Rallroad between Legazpl and leog was- burrzed

(6) Jan. - Aug. 1928 . _ _
A blg—scale eruptlon took place. & lava flqw-:eached=down t0'ap
elevation_of 300 m on the‘L;bog side. Growing cloud occurred.  The one’

dead was reported at San Antonio.

(7) Apr. and May 1968 _ .
Large scale eruptlon took place,: Lava’flOWEfeaehed down”td a low
elevation on Camallg side slope. Grow1ng cloud and mud. flow occurred

without any serious damage.

3.1.4 Land Cla551flcat10n N
The land in the pIOJect area is largely cla551fled into the
mountalnous area and lowland The mountalnoue area’ is cla331f1ed 1nto

three types, i.e. lava flow, volcanic fan and Tertlary mountaln.

Lava tlow is subd1v1dea 1nto new and old ones and 1t 1s )
d1str1buted around Mayon volcano and cons1sts malnly of ande51te 1ava
flow and pyroclastlcs._ Volcanic fan is dlstrlbuted 1n the sklrt of
Mayon Vblcano, con51st1ng malnly of unconsolldated sedlments._ Tertiary
-mounta1n 15 dlstrlbuted in the surroundlng area of Mayon ‘Volcano and
subdlv1ded into Vblcanlcs, llmestone ~ sandstone. - volcanlcs and

“_dlor1te.:
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Lowland is c]aSSlfled into high terrace plaln, natural levee,-
‘alluV1al plaln, fanwllke 1owland, bar ., old river’ trace, EXIStlng river

andrlake,

_ ngh terrace plaln is dlstrlbuted in northeast of Lake Bato.
.Vatural levee 15 dlstrlbuted in such major c1t1es ‘and munlclpallties as
'Legazpl Clty, ngao, Oas and Libon. Alluv1al plaln is sublelded 1nto
low -and h1gh ‘fan, It is w1de1y dlstrxbuted in the lowland. Fanmllke .

- lowland has @ sllght #1ope.' Bar 1s dlstrlbuted in Albay Gulf and

Tabaco Bay. Old r;ver trace is partly swampy. Exlsting river and lake
‘1ndlcate the maln rlver such as the Qu1na11 (A) Rlver, the Yawa Rlver,

Lake Bato, etc.

~ The land c13551flcat10n in. the pro:ect area is summarlzed as .
follows: 1) The land form in the progect area is largely c1a551f1ed
_1nt0 two types,_1 e. mountalnous area and 1owland, 2)  In the
mountalnous aree, volcanic fan lS dlstrlbuted on the. foot of Mayon
_ _Volcano, 1ndlcat1ng the - transportatlon and sedlmentatlon of a large

. volume of sedlment., Lava flow 1s dlstrlbuted in the upper half of
Mayon Volbano, 3) - In the lowland, alluvlal plain has an extensive
:disﬁribution, which is_generally sﬁscEp?ible to flood.

3.1.5 Land Use o o |

'e:Thé land use is largely'claseified into populeted'area, public

faeiiity,:cuifiﬁated land, forest and others.

Populated areas are cla351fled 1nto the concentrated and scattered

_Qones. The former represents the major c1t1es and munlclpalltles such

'-,,as Lega?pl Cxty, Tabaco, Lxgao and leon.- The latter 1ndlcates

5barangays, eLc. Publlc fac111t1es are cla951fled 1nto school church,

o alrport and golf course._ Cultivated 1ands are cla331f1ed 1nto r1ce

fzeld, fleld (Soy beans, cassava, corn,_sweet potato, etc Yy, coconutsr
'abaca, c1tron and flsh farms, Coconut farms are subdlv1ded into dense
jand sparse ones.f Forests are cla551f1ed 1nto natural tree ‘schrub

'(Dlpterocarp, vitex parv1flora) and nlpa. Other land uses represented

"'are graesland (Cogon, Parang} bare 1and developed land and waters.
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The land use - in the pro}ect area is summarlzed as: follows-  1)
The lowland is almost used for rlce fleld Such major cities and _
munlclpalitles as Legazp1 Clty, Tabaco, ngao and Libon are 1ocated 1n
.the lowland, 2) The 1ower half of Mayon Volcano is: used for coconut
plantatlon. In thlS plantatlon, the villagee are scattered._ The
higher area than coconut plantation lS covered with natural forest.
_Natural forest 15 well prpberved rather on the northern 51de than L
southern s;de, “Prom summlt down to the 1,600 m level, the slope of:

Mayon Volcano remains bare.
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_3-2'¥Meteofology and'Hydrology'-
3.2.1 Meteoro]ogy |
(1) climate, ... o |
_ The progect area has a trOpioaJ ollmate, affected by two air
stream systems whloh produce dlstlnctlve varlatlon in the ollmate.

These axr streams are monsoons and Pao1f1c Trade Wlnds.

“The Northeast Monsoon prevails 1n a peraod from October to March,
brlnglng s1gn1f1cant amount of ralnfall to. the southern Luzon where the
.pr03ect area 1s located. The Southwest: Monsoon prevalling from May to
‘October orlg1nates 1n the Indlan Ocean and affects the area. Durlng
thlS perxod the pLoJeot area is warm and very humid with increasing

rates of ralnfall

o The North Paolflc Trade Wlnd prevalls durlng Aprll and May,
.ralslng the temperature s;gnlflcantly.‘ The South Paclflc Trade Wlﬂd

'jc01n01des w1th Southwest Monsoon from May to July.

‘The ¢limate in the ?hiiippinesuis'claSSified into four types in
":tefms'of5the rainfall'pattern as shown in FIG.-3.2.1, Most of the area

" belongs to LYPE IT climate which has no- slgnlflcant dry season with a

L oovery’ pronounced maximum rainfall under the 1nfluence of the Northeast

”Monsoon prevalllng from November to January.

'j*12) Troplcal Cyclone

h . Most of the tropical cyclones that affect the Phlllpplnes are
';formed in the Pa01f1o Ocean between the Phillpplnes and the
‘jCarollnes-Marianes islands and move towards the west or northwest

: dlrection. They hit the project area any month of the year, espeoially

' from Juue to Deoember.
“The troplcal cyclones which move along the eastern end of the

Luzon Island or cross the southern most end of the Luzon have caused

heavy rain and extensive damage to lives, crops and.propertles.



The troplcal cyclones having brought damages to the projeot area
after the year of 1970 are 1lsted in TABLE«B 2. 1. And TABLE«B 2.2
_shows thelr monthly frequency.

(3) Ralnfall . S , o .

- The observatlon network of ralnfall is shown in FIG 3 2 2. 'Teﬁ
stations exist 1n the project area and thEII record length 1s lndlcated'
in FiG,-3.2.3. All statlons are located along ‘the major roads lower -
_.than EL. 130 oty The observatlon lS conducted on a dally babls with
.ordlnary collector—type raln gages. T Only Legazp1 station, however,,has
3=hour observatlon records, which are the ones of the snortest '
duratlon. The observed data of all the statlons are gathered and
compiled by PAGASA..." ' '

_ Another ra1nfall gaglng statlon was just establ1shed 1n ngao by
the Bicol River 'Flood Forecasting System. It is telemetered and its:
operation_began in December 1980."Hourly rainfall records s;noe then

are available,

The mean- annual ralnfall in the pro:ect area: ranges £ rom 2,000 mm-
to 4, 000 mm. D1v1dlng the area by Mayon Voloano, the western part e
' located in the 1nland area has 1ower amount of ralnfall than the’
" eastern part faclng to the sea, This may be due to shelterlng effect

“of the surroundlng hllls_and-mountalns.

_ On the mean monthly ra1nfall the perlod from May to January is
generally a ralny season and the large amount of rainfall oocurs durlng'.
the perrod from November to January. The relatlvely dry season appears
f rom February to April : Monthly ralnfall reoords of flve statlons in
the area are llsted in TABLE-3.2.3 to TABLE-3.3.7.

The recorded maxlmum ralnfalls for. the durat1on of 1~day, l-month

and l-year are 484, 8 mm at Legazpl 1n 1967, 1 528 8 ‘'mm ‘at Legazpi 1n
1975 and 5,128.1 mm at Mallnao in 1976, respectrvely. :
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"(4) Temperature and Relatlve Humldity e

FIG,-3.2, 4 shows monthly fluctuat1on of temperature at the three
prlncipal statlons in the proaect area. Mean temperature fluctuates!
monotonouely wlthln & emall range from 25°C to 289C throughout the -
-year. The temperature rises durlng the period from January to May and
: after that goes down gradually unt11 January. ‘The hlghest temperature
' occurs 1n May or June._ The extxeme temperatufe w1th1n the area ranges

from 210C in January to 3300 in June.

y Monthly relatlve humldlty recorded from 1956 to 1977 at Legasz is
shown ‘in Flg —3 2 5. The relatlve humldlty w1th1n the area is
generally hlgh and 1ts fluctuatlon is very sl;ght throughout the ‘year.
" The drlest perlod of the year oceurs in May. The extreme relatlve

'humldlty w1th1n Lhe area varies from 79% to 91%.

f3 2 2 Hydrology
 )(1) Streamflow Runoff

 ' There are: many streams in the pro;ect area orlglnatlng 1n Mayon
Volcano and other mountalns.. The largest rlver is the Qulnall (A)
Rlver w1th a dralnage areaof . 331 km2 and a river length of 55 km.
'The second largest is the Tallsay Rlver w1th a dralnage area of 194
km2 and. a rlver length of 50 km followed by the Qu1na11 {B) and the

Yawa Rlvers.

The etreamflow observatlon network in the pro;eet area is poor,
:Only two rxvers of the Qu1na11 (n) and the Tallsay Rivers have gaging
stations.: Seven stat1ons are located in the Qu1na11 (A) Rlver b331n
'and one 1& the Tallsay Rlver basxn as shoen in FIG. 3.2. 2. And thelr
‘record length includlng a dra1nage area is llsted in FIG w3 2.6.
_Meaeurement of water level by a staff gage ‘has. been conductea on a _
dally ba31s by the BRBDP Offlce and the data observed are sent to the
NWRC in Manlla where conversion from water level to runoff iz made,

In order to deflne a: ratlng curve for each etatlon, regular dlschargn

”,-measurement ls_conducted about once a month.
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Monthly mean runoff of all the eight stations are 1isted in

TABLE~3 2 8. The speC1flc annual mean runoff ranges £ rom 0 04

N m3/sec/km2 to 0.1 m3/seo/km2 “The runoff increases

s19nlflcantly in June and July, and continuously 1ncreases untll
December._ The drought period appeans from February to’ May. h
iEspec1ally, the drought: of the Tallsay River: 1s severe due to. 10@ flow
for its drainage area size. On the other hand the runoff of the :
Nasisi River is stable throughout the year.: Annual runoff coefflcient :
is estlmated at about 0. 6 to 0 7 based on the mean annual_rnnoff‘at
the San granCLsco River gaglng statlon and the mean annual rainfall at

Gu1nobatene

Floods are caused frequently by typhoons and tLoplcal cyclones.
The flash floods com1ng down from the mountalns have been sunewhat
contxolled in recent years “by constructlon of dike- system 1n the :
Puinali (A} Rlver ba51n. The - area however is often flooded due to a-
failure of rlver dlkes with 1nadequate dlscharge capa01t1es.- For ‘this,
the major floods have never been recorded accurately due to flooding as
well as to the poor measurement method with neither self recordlng nor

flood mark investigation.

(2} Sedlment

' Many streams originate in the slope of Mayon Volcano, and some of
them run dovin carrying plenty of debris.. A portion of debrls deposxts
along the low hills, and the.remainings'are transported further
downstreem through river channels. The sedlment depos1tlon in the
mlddle and lower reaches ralses the river bed ThlS results 1u the _
lack of discharge capa01ty of the rlver channel whlch naturally leads
to flood:.ng° The quantltatlve analysxs of debrls product1on and

_sedlment dep051t10n over the area has not yet been made sufficiently.

Accordlng to the feas1b111ty report prepared by 'TAMS~ TAE 1n 1978
and subsaquent study by AbIATIC in 1980 sedlment 1nflow into Lake o
Bato, whlch is the outlet of the Qu1na11 {A) Rlver includlng the '
'Tallsay Rlver, was . estlmated at 400, 0006 m3 per year employing the

sediment load of the Tallsay River at Allang ag .a representative of
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' éediﬁent infiow into Lake Bato.. Aseuming the Jediment-flowing into the
lake - settled equally over the entlre lake area of 20 km?2, the average ‘

gilake boLtom rlslng is estlmated at about 2 ¢m per year. -

(3)'.Bydrolegy_pf Lake Bato. _ _ o

e "Leke'Bato=ie a natural reservolr hav1ng a dralnage area of 874

f km2,. The Qu1na11 (A) Rlver basln 1nclud1ng the Talisay Rlver

'occuples 60% of ‘the above dralnage area. The wate1 surface area of
'Lake Bato changes trom about 40 ka durlﬂg ralny season. to. 6 km2 |
.durlnq dry season. 'TABLE-3, 2 9 shows recorded annual maxlmum, mlnlmum .

fand mean water level oF Lake Bato, From thls table,.lt is found that
the recorded maxlmum water 1eve1 ;s 10.45 m in December 1875 and that
the m1n1mum 15 3. 37 m in May 1969. The mean water level 1s about 6 m,

=.‘whz.«::h corresponds to the water surface area of 20 km2 Durlng flood

"_tlme, the water level rlses 1mmed1ate1y w1thin a few days. and goes down

-very slowly extending more than a month as expressed in, FIG ~3 2. 7,
-whlch shows fluctuatlon of Lake Bato surface watez level It is

_ becauseathe;only outlet.of Lake Bato ;s the_Blcql Rlvere' According to.
the dischatge_meeee:ement data at Sto. Domingo, the Bicol River,
located near- the outlet of Lake Bato, the lake discharges about 38
"m3/sec in average. The diseharge may :enge frbm 12 m3/sec to 64

m3/sec depending on the season.



3 3 Present River COHdlLlOnS
3. 3.1 Rlvers in the Scope of Study
The rlvers ko be studied, leldes of Sabo work sectlon ‘and flood

control work sect1on are summariZed below.

The rlvers to" be sLudxed are the follow1ng three (3). major rlvers
and eleven {11) small streams whlch orlglnate 1n Mayon Volcano 1n !3'
accordance w1th the Inception Report submltted 1n June 1980 (July 1982

as well},

(1} oQuinali (Ay Rivei=including'its'tribdtaries )
(2} Quinali_(Bj'Riﬁer including its'tributauies
(3) Yawa River including its tributaries

{4} East and North-East Streams

Only for Last and North—East Streams, nece551ty of -Babo and flood

control works is ‘also explalned in thlS sectlon.
Divides of Sabo_woik section and’ flood control work section are
plotted off the following ‘spots, where the river bed slope is

 approximately 1/100,

Bridges'of Maharlika Natioual'Highway-for

i

(1) Quinali-{A) River
' eastern trlbutarles upto the Ogsong River
- The brldge 51be of ngao-Tabaco Nat10na1
Highway for the Nasisi River '
{2) Quinali (B) river - The contractxon at Bantayan
(3) Yawa'River-f '~ Banag Brldge of PNR '
(4) FEast and North-East Streams
' | -'Br1dges of Legazpl—Mallnao Natlonal nghway

he exlstlng river structures and rlver control works underway are
' shown 1n FIG - -3.3.1. The inundatlon areas durlng typhoons "Pepang" in
1979 and "Daling™ 1n ‘1981 are studled ‘as shown in FIG.73 3.2 and

FIG. 3 3.3.
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3.3.2 “sabo Work Section
:(1) Qulnall (A) Rlver= :

o There are 51x t11butaries to be t;eated as the rlvers fox Sabo
works in the Quina11 (A) Rlver bas1n. They are the Qulrangay River
which passes across Camallg, the Tumpa Rlvex, the Manlnlla River and’
:the Masarawag Rlver whlch pass. across Maharllka Natlonal nghway
:between Camallg and Guinobatan, the Ogsong Rlver (the Nabonton Creek)
"dnd.the_NaSLSL,Rlver which paeses across the ngao—Tabaco Natlonal

‘Highway.
The-present'coﬁditiOn_of these fiﬁerseare explained below.

i)“-Qu1rangay Rlver _ _ _

: The Qulrangay Rlver is. the most upstream and devastated
trlbutary among them. it forms a deep gorge between EL. 600‘m
and EL- 400 m.. Together thh the Tumpa Rlver, it forms a large
alluv1al fan between EL. 350 i and EL, 160 m, It is. a w1de

=area covered with cogon grass.- Below EL. 160 m 1t flows at a
gentle river bed slope ‘and the river course becomes a ditch of 

.'several_meters en,w1dth. Sandy-301l dlke-upstream the PNR
Hridge-wae'slightly'damageé.by'typhqon.“balihg“y'in 1981,
Sediment funeff-from the . gorge doee no£ geem to be notable,

“but con31der1ng the 1nportance of Camallg, which is rather a.
_large ‘town, the prlorlty of the Qulrangay Rlver is higher than

others.

'  'ii)_'Tumpa'River . S
. TheETUﬁpa River does not have an erosive gorge upstream, A
large alluv1al fan’ exists on the mountain gkirt. . This prdves
- vast amount of sedlment yleld in the past Secondary
eroslon upstream the fan seemu to: be a sedlment source, but it
'_1s not v1olent Below EL._ZOO m, the rlver course becomes

';gentle,-and below EL. 170 m,_lt dlsappears 1nto rice flelds.
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ii1)

iv)

V)

;vi)

Maninlla Rlver

At ‘the east of Manlnlla, the. Maninila River passes across the

Provinc1a1 Road where the rlver course 1s not violent. But.:

' below EL, 150 m, new secondary erosion starts and the _

downstream ‘river: couxse gocs down to Travesia. Ag far as the

hlstory of ‘the formatlon “of the river course, 1t seems Lhat

the devastated area due to Secondary erosion becomes vast.

Masarawag Rlver

.The Masarawag Rlver blfurcates into two {2) course at EL. 270

m and comblnes agaln at about 1 km downstream the Prov1ncxal

Road at EL..lGO m.  The sp1ndle~shape between two (2} course

' 1s 1 km 1n the maxlmum width and 3 km in length, and is-

Eunotlonlng as.a natural sand retarding basin. Along the 1eft

course, dike embanked w1th excavated sedlment for 500 m in
length d1sappeared because of mud/debrls flow: caused by
typhoon “Dallng . ' '

Ogsong River: (Nabonton Creek)
The upstream reaches of the Nabonton Creek are nelghbourlng

with the Buga Rlver, a left trlbutary of the Nasisi River.

“The border of the catchment of the Nabonton Creek and that of

the Buga River around EL..3GG m is not clear. Therefore,
sediment discharge [lows ‘into both of the rlvers dependlng on

the amount. and characteristics of sediment.

The rlver bed glope upstream the Provrnc1al Road is steep.

One 1rr19atlon 1ntake is exlstlng whlch 15 now under repalr.-

‘But ‘the river bed slope downstream is about 1/40 and there

exlsts deposlt terrace of 2-3m in helght. The - rxver course :

1s w1nd1ng, and secondary er051on ‘of river bed is notable.

Na5151 River o .
Upstream reaches of the Nasisl River is very much devastated
and erosive, and it_orlglnates in Mayon Volcano cunning . down

on the western slope. It is the largest tributary of the



Quinall (A) River in Sabo work section. Along this river,
there are ‘such 1mportant structures as the Provincidl Road
Brldge, Nasisi Dam, And there was an overflow culvext type
brldge of nganTabaco Natlonal nghway, but it was completely
broken by scourxng of its foot durlng typhoon “Dallng".'_Other

structures mQre-or,less sufﬂered from fqu&.damage,

Neaz Na5151, the Liver course forms a contraction confined
between hill foots. The contractlon functions as a natural
_ sand-rétaiding baSin. Five hundred (500)-m downstregm Nasisi,
there lS the Na5151 Dam of the Natlonal Irrlgatlon :. |
; Admlnlstratlon, whlch is an overflow type flxed welr with a

small sand:flush which also_functlons-as consolidation works.

‘The river bed slope changes. from 1/70 to'1/40 at the dam due
to SCburiﬁg; But'és'the'béd material is composed of big
gravels, lowerlng of rlver bed does not seem to occur
further._ About five hundred (SOO) m downstream the dam, as
the Ligaoc~Tabaco Natlonal H1ghway bridge was washed out, a new

~ bridge is under cqnstructlon._ Eight hundred_(BDO) m

. downstream the bridge, where .river bed Slope'beCOmes gentle
(1/200); there .exists a naturai sand retarding'basin of 100 m
'in width and 1,500.m in length. '

(2) Qu1na11 (B) River B331n : _ _ _

o ‘The Buang River whlch 15 one of the trlbutarles of the Quinali (B)
Rlver lS the most v101ent ravine. Thls rlver flows on the northgastern
-slope’ of Mayon Volcano and then 301ns the maln course of Buang, Three
‘hundred (300) m upstream Buang, 1t passes across the Buang Brldge of
~the ngao—Tabaco National nghway. The brldge plers were attacked and
concrete suffered from abra51on, but before and after typhoon “Dallng",

there are no changes about these piers.
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Downstream reaches ‘of - the Qulnall (B) Rlver after the confluence':
-with the Buang Rlver, -about three (3): km in 1ength, is a deep valley
The river width there is only 25 m, and the ‘river . bed slope is ‘about
1/40 heap of boulders especially from the Buang River exists, -

Other tributaries from MaYon Volcano are well covered with dense

forest,

(3) Yawa River Basin .

_  The Yawa Rlver gathers three (3) main streams on the: southern to
southeastern slcpe of Mayon Volcano and other small streams from the
southern hills which are out51de of the scope of this study. ' The three
(3) utreams are the Anuling Rlver which has two (2) torrents of the
'Anullng 1 River and the'Anullng 2 River, the_Budlao River and

Pawa-Burabod River from the west to east,

i) Anullng l River

The- mud/debrls flow attacked Salvaczon causxng loss of lives
of thirteen (13) during typhoon "Daling”. After‘attacklng the
eastern side, it_floﬁed:end‘dispetsed_down the paddy fields

~and its front reaéhed the‘left bank of:the Yawa River.E'Not
much unstable sediment déprit on river bed is found in' the
upstream reaches of this river above EL. 460 m, where the
width of the gorge is narrow. The reaches between EL. 420 m
(where the junction of two (2) torrents ekists) and ELt_ZéO_m
are U—shapedfgorge_of 10 to 20 m ie bank height, and there is
a large volume of unstable sediment in the river bed, whieh is

the source of sediment runoff.

ii) Anullng 2 River _
LThls river flows east in parallel w1th the previous rlver. it
is rather gentle, but unstab]e deposit mass on: bank and river
'bed in the . upstream reaches above EL., 280 m might lead to
mud/debrls flows. ‘
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iii)

nijj

Budlao River

It is found: that dense concentration of sedlment flow was.
- caused and runoff sedzment volume was very 1arge, durlng :
.typhoon "Dallng . However, the directlon of " the flow wasn' t

-Budlao fortunately to count no loss of llves. The front of

the sedimentatlon reached down to the PNR brldge 31te 1. 5 km

"downstream the Prov1ncla1 Road.

Lateral and longitudinsl efosion'are-notable'between EL. 430 m

and EL. 330 m. There are even blg boulders of several meters,
and the reaches form Vkshaped gorge of 40 to 50 m in bank
helght around EL 400 m.

Along the reaches bstween EL. 200 m and the Prov1nc1a1 Road,

the bank helght is rather Tow and rxver course is in

'dlsordsr. ‘And 1atera1 eros1on is: notable._ Espec1ally,
Zer051on on . the rlght bank around EL. 150 m.is notable toward

,Budlao, and. 1t 1s antzolpated that the mud/debrls ‘flows in the

future mlght cause vast damage. to Budlao.‘ The embankment ‘of

PNR downstream-the P:ov1nc1al Road was already'damaged by the

‘river flow, but:it functioned as spur dikes to protect paddy _
fields. '

_iPawauBurabod Rlver

: uThe mud/debrls flcw caused the 1argest number of loss of lives

of - 18 The maln zeason of the dlsaster seems that the

dlrectlon of the £1ow was not’ foreseen by the inhabitants.

_It is found that the directlon of mud/debrls flow suddenly

changed rlghtward around EL. 130 m, and: that it hlt Mablnit

1fafter destroylng coconut t:ees for about 100 min length As

the result, the river course blfurcated into two {2) streams

‘at the p01nt, ‘and they remain at presént. .
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fEx1st1ng wet masonry type dike on the left bank was scoured
and partly damaged, but it protected well enough Bonga,
Burabod and surrounding cultlvated areas. The one on’ the1
right bank is nothing but an island at present,: The old'ziver_
' course near Burabod was f£illed with and it's river bed was :
:alsed_up.by-sed;mentat;on, The Junctlon at present is about

750 m apgmmﬁ ‘the old one.

The upstream reaches above BlL. 400 m, the bed slope is- steep
and 1qng1tud1na1-ero sion 1s notable. The bank helght 15 20 to
-;3O1n560ﬁnzto EL. 290_m, forming a‘goﬁge. The_rlver bed is
eunStabié'witn-big.bouldets.'.The.reaches Bet@een EL.uZSO - and
.190'm; riﬁer'bed'is eﬁpoéed tohrepeeteé sedimentation;and
erosion which results in, downward flow of sedlment. 'Andfit

" seems that mouth of the gorge around EL. 250 m is "the top of a

£an and that " ‘river ‘course may. change to Bayuan.
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