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PREFACE

In response to a request from the Govermment of the Republic of the Philippines, the
- Government of Japan decided to conduct a master plan and feasibility study on the Flood
Control for Rivers in the Selected Urban Centers and entrusted the study to the Japan
International Cooperation Agency (JICA),

JICA sent to the Philippines a study team headed by Mr. Katsuhisa Abe, CTI Engineering
Co., Ltd., and composed of members from CT] Engineering Co., Ltd. and Pacific

Consultants International, five times between January, 1993 and December, 1994.

The team held discussions with the officials concerned of the Government of the Philippines,
and conducted field surveys at the study area. After the team retumed to Japan, further

studies were made and the present report was prepared.

I hope that this report will contribute to the promotion of the project and to the enhancement

of friendly relations between our two countries,

I wish to express my sincere appreciation to the officials concerned of the Government of the

Republic of the Philippines for their close cooperation extended to the Team.

February 1995

KIMIO FUNTA
President
Japan International Cooperation Agency



" February 1995

' Mr. Kimio Fﬁjita -
- President '
Japan Intemahonal Cooperation Agency

Tokyo, Japan

SSir:

LE"ITER OF TRANSMI'ITAL

We are pleased to submlt hcrcthh the Final Reporl on the Study on lhe Flood Control for
Rivers in the Selected Urban Centers, Republic of the Philippines. . The report contains the
advices and suggestions of authorities concerned of the Government of Japan and the Japan

TInternational Cooperanon Agency (JICA), as well as the formulation of river and drainage .
‘improvement projects. Also included are the comments made by the Department of Public -

Works and Highways, Government of the Republic of the Ph:l:ppmes dunng the techmcal
d:scussnon on !he Draft Final Report in Manila. . B

The Fmal Report presents the Master Plan covering the’ four uxban centers selected out of the
~ thirteen objective cities proposed for the Study, 1t also presents the Feasibility Study on the

river and dramage 1mprovement projects for the two cities selected, lloilo and Ormoc

“In view of the urgency. and necesmty of socio-economic develo;:ment we recommend that the

Govemnment of the Republic of the Philippines shall adopt all means possible to promote the
river and urban drainage pro;ects to the next stage of pwject xmplementatlon at the earhest
possible time :

Finally, we wish to- také this opportunity to express our sincere grantude' to the Go’vémmeﬁt
of Japan, particularly, JICA, the Ministry of Foreign Affairs, the Mmistry of Construction

and other offices concerned. We also wish to express our deep appreciation to the

Department of Public Works and Highways and other' authorities concerned of the
Government of the Republic of the Philippines for the close cooperatlon and assistance
extended to the JICA Study Team during the Study:

Very truly yours,

(i~

TSUHISA ABE
JICA Study Team Leader

Encl.: a/fs
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"CHAPTER 1 INTRODUCTION

11 - "na'c'k'gm'uﬁas‘me st;.'ay o
- The: geograpl.ucal location and. climatic condttlons of the Philippines make lt vulnerable 1o

flood disastets. 'I‘he annual average flood damage i is estimated to be arouncl 5.0 billion pesos,

and losses due to recurrent drsasters are serious obstacles to development

The Govemment of the Phrhppmes has been _making  continuous - eHOrts to mitigate ﬂood
damage with the aim- of providing a safer and:a more pleasant lwmg condmon for the
 Filipino people. A flood control program has been provrded with 13 8% (1. 91 brlhon pesos)
of the 1994 DPW}! lnfrastructure Investment and is proposed with 24 billion pesos in the
" Medium Tenn Development Plan for 1993-1998.

.However, r_n_os_t of the expenditures for fiood control have been directed to Metro Manila and
to_ large river b_aSins having_ a catchment- area of more than 1,400 ki®. Flood control works
for medium and small rivers, especially in regional urban.cen'ters, have been neglected Since
the rnedlum and small-scale river basins. cover two-thirds of the whole fand area of the
Philippines, flood damage affectmg a consrderable lot of the populatron is always a hmdrance

to nahonal socro—economtc growth

Serious flood damage takes plage, especrally in and around the regtonal urban centers such as’
: provmcral capltals and chartered cmes located along the medtum and small-scale rwers
These urban centers are expandmg outwards due to the mflux of pOpulatlon frorn rural areas,
converttng paddy f elds mto remdentlal areas to absorb the mcreased number of inhabitants.
The rapld urbanlzatlon had mcreased flood damage potenhal but flood control works had
been:: kept in abeyance due to fi nancral constramts or are limited to only emergency

- measures, good for parttcular circumstances..

lt is essenhal to stlmulate the reglonal economy through the even dtstnbutlon of development
works in future natlonal developrnent p]ans A comprehenswe flood control plan with a
phased unplementatlon program is unperatwe for medium and _sr_nal_l-scale rivers nationwide,

: especrally those ﬂowmg in regronal urban centers

In re5ponse to the request of the Govemnment of the Republic of the Phllrppmes (GOP) the'_
g Govemment of Japan (GOJ) decrded to conduct the Study oa Flood COntrol for Rwers in the
. Selected Urban Centers in the Republtc of the Phrhpplnes (the Study) The Exchange of
- Notes (EJN) mncemmg the lmplementauon of the Study was executed in Mamla Plnllppmes '
- on.luly 31992 s R



" The Study has been carried but jin stages. The Japan_International Cooperation. Agency -
_ (JICA), the agency responsible for the xmplementannn of technical cooperation. programs of
| ‘GOJ, dispatched the JICA Study 'I‘eam (the- Study Team) 0 the Plnhppmes on Jamxary 6, .
1993, to mn'y out the Fust Stage Study (lnventory Smdy) Through the Inventory Study, _
whnch wis co:nple!ed in February 1993, four (4) pnonty urban centers, namely, llonlo Ctty,
E Cebu C:ty, Ormoc C:ty and Tacloban' Clty Were selected for the Second Stage Study (Master

Plan Study) ; ' : SR A : : '

_ The Master Plan was camed out from March to. November 1993 Complled in the lntenm_ )
' Report a:e ‘the results of the lnventory and the Master Plan Study,’ and two (2) cltles, Iio:lo
~ and Ormoc ‘were selecled for the Third Slage Study (Feasnmny Sludy) which commeneed on

 Mayls; 1994

| This Fmal Repon is prepared to present all the resulls of the three-staged Stndy
j .
.'_I'he bbj'eeﬁlfes. of :tne -Stndy. are: ..

(l_) To collect and comp1le the exlstmg data on repres&nwtlee meelmm and srnall-. ._ '

b scale’ nvers in"thirteen (13) urban centers and prepare a river. mventory based _

‘on the aforementmned data;

7 '(2)l :To formulate a master plan on ﬂood comrol for nvers located in lhe four (4)

.'cmes consndered as pr:only areas for the Master Plan Study, o

(3 To conduct a feasnbulty study -on the most urgent ﬂood control _project
ldennﬁed in the Master Plan, and

4) :._To‘ carry out transfer of - technical .knOWICljgﬁ o 'P:h:ilil’l’i“-e:‘ ébunt‘erpa'n
r'persennel concemed through the foregomg series of smdles and pm]ect '

' formulatlon in the Phll:ppmes and in Japan
1.2, 2 Scope of Work

The S__tud_y is dn_vided__ int_o_ three stages with work items ennn-;era_ted as follows: | _' ;; o e

" First Stage Sinﬂ\f(lnvent_cry"'s_tdd'vj:_ L

| (1) Related Data Com_piletio'n




2 P_repiaratiou: of Inventory Itema and Form - .-

3) Preparatiqn of Dat.a_base Model
(4)  Fied Reuonnaissance and _Data.:CQI_lgction.,;.__ A
.(S) inventory Survey

{6) Estabhshment of Database Modcl

(7)  Selection of Urban _Centn_srs fqr Mas_tc; Plan Study . ..

Second Stage Study (Master Plan Study})

{1) Data Collection ahd Cor'npilatiIOn
@) " Field Survey and lnvestlgahon -
(3} Flood Damage Survey .‘ B
'(4) ~ Socio- -economy, I_and Use and Enwronmental Study
(5) Hydraulic and Hydrologlua] _Anaiysns .
' (6) . Study of the Framework of Flood Control and Urban D;aiuagu _P':lan =

(7) . River and Topographic Survey

L | :

River Survey
°  Channel Survey
2 .Leve_ling R T T

@) . Rlverbed Matenal Survey
. (9) Installation of Hydrologmal Equlpment_ o R
(10) -l_’_rclimmaty E_nvx;omus_:_ptal Survey. .
| an Floo.d' Inundation and Damage Analysis .
(12)° Basic Design of Flood Control Plan -
| (13) .Preliminary Desigu B
. : Lo _(14):_-"Construc110n Plan and Cost Estlmate .
| i ; '“’(15) '_Pro_]ect Evaluatmn o
'-J?._.'-‘_3(17)"'.".'Fonnulanon of Master.Plan '.

(18) - Selectlon of Pnonty Pro,ec: .

. 1-3




' (1) g : Supplementel Data Colleetion e
(2')‘_ :' Additional Hydmmg.cal Analysrs
) Study on Pro;ect Features . .
B (4) ' Preparatlon of Program for Semmar on Flood Control

(5) -Addltronal River and 'I‘Opographrc Survey

° Rrver Survey’

Channel Survey

Topographrc Survey. o _ _
(6) ._Geologrcal and Soil Mechamcs Invesugatron l. -
N _Envrronmental Study B .. R
| (8) Structural Desrgn ;
o ) ‘Constructlon Plan |
"(10) Cost ESIImallOIl
.(1-1)_ Pro;eet Evalua_tro_n | _
(12) Conclusron of feasibility St.udy '. | _
: (13) Semrnar on Flood Contml Plan of Medlum and Sma]l Scaled Rlvers : |
Transfer of Knowledge o
(1) On-the-Job training througho'nt the f'ie.ld.isnrres' : "
(2) Periodical lecrures and discussions. Witlr the’ ceunferpartfpersbr{nei in the.
Phlllppmes | | B
(3) 'Trammg of three (3) counterpart personnel in Japan
123  Organization for the Stur_iy
" JICA had established an organiiatron consistiné’-‘of:lhe AdvisOr‘g} Conrnrittee' ahd'ﬂre-Sfudjr .
Team, The Advrsory Commmee was respomlble to JICA for the. advrsory to the Study Team | .

so as to ensure the successful execution and compleuon of the Study The Study Team was :

_ responsible to JCA for solvmg techmcal problems when encountered aﬂer consultanon

with the Advisory Committee.




. The xﬁer_xibers of the Ad.vi.sor}.r Committee and the Study Team are listed, together with their
'design_at.iorn_s and'assighmems; in Tables 1.1 and 1.2, The members of the Steering
‘Committee and the Technical Working Group brganized by the Govel;nment of the
Phi'iippines. are given in Tables 1.3 and 1.4, respectively. | '

(1) Study Schedule

' TheStudy was conducted in the Philippines and in Japan in accordance with the time

schedule shown in Fig. 1.1,

(2) - Counterpart Personnel

~ For the smooth execution and successful completion of the Study, counterpart

pefsonnel-werc assigned by the DPWH as listed in Table 1.5,
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CHAPTER 2 INVENTORY STUDY

211 Geography

~ Present Condition

'The Phlhppmes oné of the largest archlpelagoes in lhe wodd has 7 107 islands and covers

| _an area of approxlmately 300, 000 km?. 1t consists of three major island groups Luzon w:th
an area of 141, 395 km Vlsayas with- 56, 606 km? and Mmdanao with 101,909 km?,

The study area for the river mventory shall’ cover the representatwe mednum anid small-scale

, nvem in the thirteen (13) selected urban centers (heremafter referred 10 as SUC or SUCs),

namely, the cities of Laoag, llagan, Olongapo, Batangas, Lucena Puerto Prmcesa, Legaspi,

Toilo, Cebu, ‘Tacloban,- Ormoc,_Zamboanga and Davao. The area and population of the urban

- centers and their related river basins are given as follows: .-

‘ftem  Nameof SUC Area *"Popnia’tioﬁ " Related Rivers ~~ Catchmenit -
UNOL o kmY) e (1990) - RN Area (km?)
1. Laoag 108 . 83756  Laoag 71,3190
2. llagan 1,394 99,120  llagan 1,840.0
3. Olongapo - 103 193,327  Sta. Rita 950 .
4,  Batangas: 283 184,970  Kalumpang 4060 - -
. 5. Lucena . 69 150,624 Tayabas 1269.0 -
6.7 Puerto Princesa® 2,107 - - 92,147 ’ b
-7 -Legaspi . C154 . 121,116 Yawa _70.0..
A e . Macabalo 25.0
~ 8 lleilo S56° 309,505 Jaro 7 412.0°
e e loile oo 1060
9. " Cebu 281 610,417 . Bulacao 10.7
LT s T Kinalumisan TR
-, Guadalupe - 163
-, Lahug 63
e ST e Y Qubang Daku 126
10. - Tacloban 464 .. 136,891 . Mangonbangon ... . 49 .
o o . Abucay 2.4
e e s e v oo . Burayane 6.5
1. Ommoc . © 101 129,456 - Anilao 252
12, - Zatnboan‘ga “1,415 442,345 Tumaga 2280
~13. . Davao 2211 849947 Davao | 1,623.0
Total 8,746 3,403, 6‘21 - 6,506.8

i Puerto Prmcesa is not related to or affected by any river."



2  Hydrology
_'gum_omwﬂm_n_

Usmg the average monthly dlstnbunon of rainfall at drﬂ'erent stat:ons, Corona deﬁned four
) :types of such rainfall dlstnbutlon are deﬁned in the Phrhppmes as follows (refer to Flg 21

'.Typel . The fust type whrch has two pronounced seasons, dry frorn November to
o ',___;:Apnl and wet dunng the xest. of the year,. 1s predommant in the cmes of _

13038, Olongapo, Batangas and nouo

Typell G The second type whrch is charactenzed wrth no dry season wnh a very.

Y ‘pronounced maxrmum ramfall from November to January 1s predommant in

;.,:._the cmes of Legaspl and T acloban

_'T_I‘ype'_lll" 0wl The thlrd type which s charactenzed wrth no. pronounced 'season -and
' R relatlvely dry from November o Apnl and wet: dunng the rest-of the. year is

' predommant in the cmes ‘of Lucena, Puerto Prmcesa and Zamboanga

TypelV. . i:'"":."_'l‘he fourth type whnch rs characterrzed ‘with evenly drsmbuted ramfall

s throughout a year is predommant in the cmes of llagan, Cebu Ormoc and.

o Davao
Ralnfall.‘ .

B Ramfall in the Phdrppmes is brought about by drfferent ramfall causmg weather patterns such
as air streams tmplca! cyciones the lmertroplcal Convergenoe Zone (ITCZ) and to a lesser
'exrent, by fronts, easterly wave local convecnon ete, Ramfall intensity is mﬂuenced by
_lantude or geographical settmg, topography and exposure, and the season. In a récent study,
it has been shown that 47% of the average annual rainfall in the country is attrlbuted to the -
occurrence of tropical cyclones in the vicinity. The northeast and southwest monsoons each
contnbute 7%. The remaining 39% is due to the combmed effects of Ihe ITCZ shearlme

' easterly waves and other ramfal]-causmg weather pattems :

To evaluate the safety of SUCs and thelr related nvers agamst ﬂood extreme ramfall :

condmor:s were analyzed on lhe basrs of daxly rainfall, as mennoned below

(1 - Maxrmum Darly Ramfall

The maximum dally rarnfall whrch measures the scale of ﬁoods IS recorded to be o
htgher in  Luzon Region ¢ and 1ess in the Vlsayas a.nd Mmdanao reglons The recorded :
first, second and third maximum daily rainfalls for each SUC are grven m the -

followmg table _




(Unnt mmfday)

Ttem City 1stMax. . 2nd Max. 3rdMax.  Recording -

No. = Rainfall Ramfall' Rainfall Period -~
1. Lacag. 510.3 4984 4372 - 31yrs. (1961-1991) -
2. Hagan . . 7460 3497 - 3454  3lyrs (1961-1991)
3. 'Olongapo ©471.8 4494 4223 18yrs. (1975-1992)
© 4, 'Batangas -~ 765.8® . 4992 .. 283,6. . -3lyss. (1961-1991). .
5. Lucena: . . 5577 . 359.7 3060 20 yrs. (1970-1989)
6. P.Princesa’ 2693 2659 2520 31y (1961-1991)
7. . Legaspi . 4846 4586 4323  31ym. (1961-1991) .
8. Ioile 3030 2556 2038 31y (1961-1991)
90 Cebutioo oA 37400 101200 - 1128 19y (1972-1991)*
10, Tacloban 2040 1679 = 1636 . 31y (1961-1991)
11. Ommoc -~ - 2591 1 2578 2171 22y (1971-1992
12.  Zamboanga ~ 193.2 138.7 117.5 30 yrs. (1971-1990)
13, . Davao 1743 1503 . 149.6 :31yrs (1961-1991)

. * Recording penod except 1990.

2 _-=;=-:Probable Dally Rainfall

Probable dally ramfails are estimated for the representatlve ramfall ‘stations by means

of the Gumbel Method, as follows: -

(Unit: 'mrﬁ/dajz)

Item Cuy ©2¥r . S5Yr. 10-Yr  20-Yr  50-Yr. 100-Yr
1. I.aoag L2000 300 370 430 . 510 570
2. Hagan 470, 7 260 . 320 370 450 - 500
3. Olongapo b 1907 280.:. 350 410 .- 490 540
4.  Batangas - 160 240 - 290 330 . 400 440
'S. Lucena 170 260 - 330 390 470 - 530

6. P.Princesa  110.- 180 220 - 260 320 - 360
7. legaspi - - . 190 280 - 340 400 . 470 520
8. lloilo - ©110. . 180 . < 220 260  .320.. 360

© 9. Cebu e 80 120 . 150 180.... 210 - 240
10. Tacloban e 4200 150 170 200 220 240
11. ‘Ommoc  ~ 130 ° 200 . 240 280 3300 370
12,  Zamboanga . 80 120 . 140 160 190 210

13. Davao 100 - 130 150 170 190 - 210

Trogical C!clones 7

_ Tropical cyclones oontnbule largely to the ramfail in the. Ph:hppmes from June to, December

. _About 47% of ramfall lS assocxated wnth these cyclones They. affect prevallmg wmds

| hum:dny and cloudmess, and are usually reSpOnsxble for max:mum values . of ramfa]l and

' 'wmd mlmmal pressure observed in many places



_ . .'Flg 22 shows the mean percentage frequency of tropreal cyclone passage in the. drffeteut )
- parts of the Phﬁrppmes. S '

- There are a few streamﬂow gaugmg statrons m and around the study area 'I'he maxunum
: drscharge and meéan monthly dlscharge of the related nvcrs are given in. Table 2. 1 “The range
of specrﬁc drscharge m the related nver basms lS from 1 2 m /s/lm: to 15 3 m /s/km

T ’I’he range of mnoff coeff' crent of the related rivers rs estzmated 10 be from 57% to 99%, and :

' the average runoff eoeff‘ crent 1s about 75% The smdy by NWRC/BRS gwes the relation of

runoff to size of dramage area for Phrhppme nvers as shown in Flg 2 3

: 2 1.3 4Socio-Eco=nemy
: _.Admlmstration

.The 13 SUCs selected for the medrum and smali scale rwer basm study are drsmbuted in

Regrons and Provmces a5 follows

Item - Name of SUC_ : - Region - Province Related to
No. . - No. _River Basinand SUC
1. Laocag: o+ ... .. l.-. llocosNorte. . ..
2. Magan™ ~ - 7% QY 0 Isabela, Quirino, Aurora
3.~ Olongapo. ... . Il . Zambales, Bataan . . @
4, Batangas - | % IV - Batangas Tt
S Lucéha . .- - IV'Y  Quezon .
6. Puerto, Princesa. SR \ 2 Palawan
7. Legaspi VO Albay
S8, loilo - ¢ S VI Hoilo
09, Cebu - o VII: o Cebu
10, Tacloban U VHI - Leyte:
"11.  Ormoc ; o VHES - Leyte -
12.  Zamboanga 0 IX7° - Zamboanga del Sur -

‘13, Davao Xl':'-?, DavaodelSur,Davao

Population'

Among the 13 SUCs, the Iargest SUCs in terms of populatnon are the cmes of Davao Cebu _
'Zamboanga and llgilo in- order of the number- of populatlon which have more than .
300 thousand in the 1990 census Regardmg populatlon growth rate between 1980 and 1990 _
Puerto Princesa Crty had attained the highest annua] rate of 4. 2% on average Succeedmgly,.: '
Lucena; Davao, Tac}oban Batangas and Zamboanga have grown at. a hrgher rate than the. _ :
national average rate of 2.4% per annum. Laoag Crty showed the lowest rate of 1 9%. per‘ -

annum, (as. shown in Table 2. 2)

2-4 -




" The' crty populatton in: the 1990 census- was classrf' ed into. urban and rural p0pulattons
Table 2.3 shows the: urban’ and- rural pOpulattons and their densrty in the 13 SUCs.: ‘The
._"fol.lowmg ﬁve 5) SUCs have been identified as the most densely.inhabited Poblacions
among 13 SUCs:- Onnoc Batangas Davao, Laoag and Tloilo in order of population density.
In the case of Ormoc Crty, the density of 221 persons/ha seems 10 be too big for urban people -
to live with comfort. On the other hand, the Poblacions of Zamboanga Tacloban and
‘Olongapo recorded the lower popu_latton density; less than 20 persons/ha. Int particular, that
of Zamboanga City was only 9.7 pe_rsonsﬁra. '

Gross Rgglonal Dnmestlc Produc L '_
Gross Regtonal Domesttc Product (GRDP) of the reSpectwe Regrons are . shown in:
Tables 2:4(1) and 2.4(2).-_ Amongra._ll Regions in the country, the National Capttal ‘Region '
' (NCR' Metro Manila) attained the largest share in GDP, accounting for B346 billion in 1990

T or a]most one thtrd of the GDP GRDP per captta of NCR was P43 524 Wthh was

approxrmately 2. S ttmes that of the country

' Among Regtons relaled to’ the 13. SUCS, GRDP, of Regton v (Southem Tagalog) was. the
_ largest 12148 btllton in- 1990 It shares approxlmately 14% of the GDP. Its GRDP per capita |
was Pl‘? 863, almost the same as the nattonal one. Per capita GRDPs of other Regions. were
_ lower than the nattonal average.. Only Regton X1 (Southem Mmdanao) attamed close to the

'nattonal average The lowest value of GRDP per captta was shown in Regton V (Brcol)

- 'accountmg for 127 896 or less than half of the national one.

| The Region whtch showed the highest growth of GRDP in 1990 is Regton Il] (Central
Luzon) It grew at 7.1%. The second htghest growth was attained by Regron VII at3 9% as
:' shown in Table24(2) Regardmg the growth. of GRDP per capita,: the followmg three
) Reg:ons ‘could shghtly exceed the, nattonal growth rate of 2.3% per annum during 1985 to
1990: Region VII, Regron 1il-and Regton V. Hence, the dlSpanty between the regional per
' "captta GRDPs and the nattonal one. has gradually been increasing - as understood. in
- T ablez 4(1)

' -PresentLandUse-r- S

N 'Table 2. 5(2) shows the extsttng land use by regton concerned 1n the 13 SUCs on the basrs of

.' '_ the ‘above broad categones In the. country, the settlement area accounted for 7, 197 km “or

- 24% of the total area “In the same manner, the. agncultural area’ occupted 88,443 km or

. _29.5% and inlind fi shery, 6 758 lr.m or 2 2%.. In parttcular, the NCR :area- is classified. into
these three categories cmly, ie., 93% of settlements 6% of agnculture and:- 1% of inland
o _ﬁsh_e_ry. : T_h_e__regton, ‘havirig: the_ la_rgest share of- settlements s Region V_It Of ; the: total'



| i'regmnat land  area, 921km2 or 6.2% is used for setilement,” On me othei: hmd Regtonil
© recorded the smallest share for settlements, wlnch accounted for 29.4 kmz or 0.8%. Tralss
=  had the smallest share for agncultural land aocountmg for 5, 134 km or 14.1%::. ‘On’ the' o
'-oontrary, ReglonV had the largest sbare for agncultural purposes, whlch accounted for.-f

| 8273km’or 46.9%, -
. z.z s Floods ,gnd rlogd' c’onm;_iw;;rrr; L
220 Flood Problems
Floods in the SUCs in general occur as' a result of overbank ﬂow of nvers and stagnant
_ water due to: madequate drainage systems dunng pcnods of mtense storm runoﬂ’ As’ shown

i 'I‘able 2 6 the total ﬂood area in the crty proper of the 13 SUCs is 2, 385 ha or 2 2% of t.he

' whole urbamzed area

_ _Among the 13 SUCs the five (5) largest cmes in terms of ﬂood area are Ilorto, Legaspr

Laoag, Onnoc and Cebu whrch have more than 190 ha of the ﬂood area in each crty proper

Regardmg the ratio 'of ﬂood area ‘to'the total urbamzed area of the crty proper, Ormoc Clty o

has'the’ largest f_lood ared- ratro followed by Batangas, Laoag and Ilorlo whrch have more

than 9% of ﬂood area sratio.”

As to flood depth and duratlon Laoag, Ilagan LegasPl llonlo and Ormoc have more severe '
condltrons than other SUCs because the major cause of ﬂoods m those ﬁve SUCS is. the ‘

overbank ﬂow of rrvers

222 Flood and Damage _ R

The Office of Crvri Defense (OCD), Department of Natronal Defense has comp:led damage :

records of major ‘typhoons that occurred ‘at _the 13 SUGCs, as enumerated in “Table 2.7.

- Although the OCD damage records. cannot. be dlrectly substttuted as ﬂood damages, they'

“indicate the tendency of flood damage condttrons because most of the major ﬂoods occurred o '

durmg the typhoons.

Among the SUCs, Ormoc City has the largest casuaity of 4,561 dead. wtth totaldirect

damages amountmg to. 560 million pesos. The damage in Ormoc Ctty was mostly mused by -

Typhoon Urmg on November 5 1991

In terms of pOpulatron affected by the typhoon the largest are Cebu LegaSpr, Ormoc :.' '
Tacloban and Ilorlo m order of populatron scale, which’ have more than 100, thousand i thej' _'
records The largest. affected populanon of 638 thousand in Cebu Crty for the Iast 11 years .

was brought by the madequate capacrty of nvers a,nd dramage systems w1th mtense ramfa.ll m o

2.6




. __"the busy. ctty areas, Therefore, the direct da.tnage amount of 278 million pesos in Cebu City

"~ for the last 11 years, which ranked only 4th highest among the 13 SUCs, would deﬁmtely

increase talung the mdrrect damage in the busy city areas into acoount

The Mumcrpalrty of llagan cornpared wrth other cities, had only rrunor damages therefore

OCD had not comprled any flood damage records in the past 11 years..

223 Existlng Flood Coutrol Works .

" ‘Existing flood control works are given as t'ollows: o

'_('1) _ Rrver

The oondmons of exrstmg ﬂood control works for medrurn arrd small-scale rivers in

the Phrlrppmes are sumrnarrzed as follows The mventory is gtven in Table 2.8.

_ (a_)

o
©

@

(.e)l s

X .(1_)_

()

_Mam river ﬂood control works are bank protectron works wrth boulder

concrete revetments or concrete walls wrthout embankment

‘These st_ru_etu_re_s-were designed based_on the records of past ﬂoods.-' .

There is no comprehensive master plan of flood control for the medium and

small-scale rivers except Laoag and Yawa river_s -whieh_have:rather old plans; .

Mamtenance works of flood control structures. are usually madequate due to

. budgetary corrstramts

Riparian' areas behind Tiver walls have ‘siiffered 'fr_o'rrr floods due o lack of _
insufficiency of drainage facilities._ | '
Expansron of SUC urban areas to low-lymg areas has mcreased the ﬂood

damage potentral

- Most small-scale rivers in urban areas are clogged wtth heavy ‘siltation and -

' dumpmg of soltd waste/garbage

i As menttoned above the extstmg ﬂood control works have been partrally provrded

.,'._r,only to prevent bank farlure not overﬂow Therefore, every rrver requrres nver

mprovement works under a comprehensrve master plan of the rrver basm

@ Drairiage

) :_.;=;;(summanzedasfollows R



o (a) The planmng and desrgmng of dmnage systems in the SUCs are conducted by‘
AR e.the Planning Division of each’ Crty Govemment and constmctlon is executed :
_by the City. Engmeer s. Oﬂ'icc

(b) For the’ SUCs dramage networks are constructed for densely populatcd areas,. )

.'the surroundmg areas have 1o dramage works

© () - _Only dramage pipes were installed at many places wrthbut overall plans have :

'not been formulated Therefore mundanon has been ehromc due to the

BN msuffictent capacrty of ptpes

' (d) '_Mamtenance of drarnage systerns are rarely executed by loml govemment.

orgamzattons concemed
o jj(e)'- : Siltation in’_ the_pipes and deterior_atier_rof pipé capacity are remarkable.
- 23 Selection orMastcr Plan Study Area QA

- In thts sectron the feur (4) master plan study SUCs are selected oh the basrs of the fi ndlngs |

| dcscnbed in the prevrous sechon
2.3, 1 Priorltization efSUCs

To select the master plan study areas, the pnonty of each SUC has beeri détermined on the
aspects of necessrty, urgency, benefit, and re_glonal equahty. Tl_rese fo_r.tr aspects are evaluated

by the following factors with data and information collected in the Inventory Study.

Item No. Aspect . .. . Evaluation Factor

1. . . . Necessity -. . . Extentoffloods .
2. : Urgency . 'Flood control capacity
3. Benefit B - Extent of flood damage
4 .

Regional Equality Improvement program

Values of the evaluation fact'ors are still broa"d | Th'erefere ‘quantifitﬁtierr ef the facters |
should have some ltmltahon in accuracy which are consrdered allowable m such pnentlzatmn :
procedure “An outliné of the ctiteria for prtonttzatton of each SUC in respect of the above

- four aspects adt)pted is given below.
1) Necess_ily
" To evaluate the priority of necessity of flcod control and drainage projects in each
SUC, the flooding condition factors expressed by affected areas, depth;, duration and




@

o

_As for the aspect of prolect beneﬁt the pnonty is evaluated usmg the ﬂood damage

- people are employed ngher pnonty is glven to the SUC with more severe ﬂoodmg

condltlons
' 'Urgency

3 The pnonty of urgency for pro;ect lmplementauon is evaluated usmg the factors of
| present ﬂood control capactty of rivers and dramage systems as well as rlsk of loss of
' human life by floods. As for the capacrty of nvers occurrence of nver ﬂood in each '

'SUC is employed as the substrtuted factor for ﬂnod control capacny, because there rs

no sufficient data and information avallable to evaluate river flow capacrty ngher

p_omt is given to the SUC with occurrence of (_;n_f_er__ﬂqw. R
- For the capacity of drainage systems, higher point is given to smaller covering ratio
* of drainage service area.- B o ' e

,Casualtres of the SUCs brought by the floods ini the last 1 years froh 1982 to 1992
e are subsmuted for the risk of humai hfe ngher pomt is- gwen to the SUC with a

; brgger number of casualnes

_ 'Beneﬁt

L . amount for the last:11. years from. 1982 to 1992

a Takmg the mformauon of ongomg programs mto cons:deratlon the pnonty of

- >:'.Smce the ﬂood damage is ot avarIable typhoon - damage compiled by’ OCD is
'substltuted for the flood damage in each SUC for this prronty study. ngher point is
o asslgned to the larger flood damage .

'Reglonal Equahty

' reg:onal equaltty in mvestment is evaluated for both river and dramagc lmprovement

programs. ngher pomt is glven fo the SUC which has no comprehenswe

improvement program

| -The cumulatlve point of priority rankmg for each SUC is summarlzed in Table 2.10. It
 indicates that the SUC ranked at the hlghest is Ormoc followed by Tacloban Lloilo, Cebu,

Legaspt and Laoag, whlch havc more than 10 pomts in the evaluation.



- Evaluation'Point" ' Urban Center ’

. 101012 points . . Ormoc, Tacloban, lloilo, Cebu, I.egaspr and Laoag

' . Bio9points - .~ Olongapo, Batangas Lueena, Zamboanga Davao and llagarr
- 6to7pomts '. R ¢ Prmcm

As drscussed and agreed between DPWH and the JICA Preparatory Survey Tearn tbe

| four (4) SUCs of Tacloban Orrnoc, Cebu and llorlo are evaluated to have lugher prtortty o
among the 13 SUCs and Legaspr and Laoag are also ranked at the same pnonty Therefore, _

the ﬁrst four (4) SUCs are selected as the master plan study areas

2.4'. B

o

; ,_'A database management system (DBMS) rs a eollectron of related programs for_

©

F.orifnul_auén of_Da'tabfasEMeJe'l‘f B ey

e sucs o e el s desrbedbelow.

Relatronal Database Management System (RDBMS)

: _loadmg, accessing and controllmg a database The database is: mdependent of the

' 'programs that process the information, and a system may have several databases'

w1thm one database management system. - The most fundamental prOperty of a

o relatronal database management systern is that data are presented fo the user ‘as tables,
Thus, the data consist’ of TOWS - and columns, wrth the rows eorreSporrdmg to -
_tradmonal database records or. segments and the columns: representmg ﬂelds wrthm

Lo the records. .

"Join" is a RDBMS operatron capable of mmbmmg relatronal tables Another

: relatlonal operation is "Selection,” r:reatmg a subset of all the records in a table. A

relattonal operatlon always produces new tables 'I'hrs makes it possrble to provrde

very powerful and concise languages for the mampulatton of relatlonal data .

'slructures

Hardware and Software

One set of personal eomputer and some applrcatron programs were provrded for thls '

system durmg the Flrst Freld Study, as follows o

~ (a)  Personal computer: AcerMate 3868)(133

(b) Printer: HP LASER_JE'_T MIPls

(¢) Lotus 123 (Multipurpose tab_ulatio_n software)



(d) dBASE IV (Database software)
(3)  Model Structure
" Anoutline of the database management system is'shown in Fig. 2.4 and the structure

of the database model is shown in Fig. 2.5. This system can be composed of the

following functions: -
’ o | (a) Data lnput.Fun_ction

To enter the following information and records:
°  Area data (population, household, area, etc.)
°  Industrial data (GRDP, production, land use, etc.) )

° Me:eo#hydrological data (rainfall, discharge, etc.)
River information (dimensions, embankment, etc.)
“Flood control struétures_(sluice, river gate, pump station, etc.)

Water use (municipal water, imigation, etc.)

o Urban drainage channel/creek
°  Flood damage (inundation area, damage, etc.).
2 : (b) Search Function

To search information and records by sﬁeciﬁed range.
(¢)  Display and Print Fuqctién'
To di_sp'lay. thé s_earéhed information and records on screen.and print out,
() Assist Fﬁnctior;
To arrange records graphically on screen and print out.
@ lnbﬁt/Ou:puzMgmod |
.Th'e input/output form for th.i_s databaé;e' is attached as Annex. The output form is

arranged and programmed to access project and its necessity, urgency, benefit and

regional equality.







CHAPTER 3 STUDY AREA

The Master Plan covers four (4) cities; namely,.lloilo,“ Cebu, Ormoc and Tacloban, which
include the 12 relared'river basirns of the Jaro, tloilo (llbilo City), Bulacao, Kinalumsan,
Guadalupe, Lahug, Subang ‘Daku - {Cebu - Clty) Amlao Maibasag (Ormoc City), Abucay,
Mangonbangon and Burayan (Tacloban) ' R :

Some drainage areas not covered by the present ﬂood c0ntrol plan for the 12 rivers and
1dent1f‘ ed to be presently urbamzed with frequent ﬂoods due to the madequate flow capaclty :

' of the major dramage channels are also iricluded.

Totally, therefore 21 dramage areas havmg an aggregate area of approx 52km were

selected 1o formulate the Master- Plan ‘namely, three @3)in Iloxlo nine (9) in Cebu, two (2)in

Ormoc and seven (7) in Tacloban
31 Hydmlogy
311  Rainfall Analysis

Prebable Maximum Daily Rainfall

Probable maximum dally rainfalls at the respecllve stations have been computed by the Iwai

'._Method as snmmanzed below:

e e i _ .. (Unit: mm/day)
" Return ~ Hoilo  Cebu ~  Ommoc = Tacloban

" Period " Lahug " Merida _
2 121.1 914 1367 1199
5 1596 = 1235 184.7 146.1
10 .. 1917 1457 . 2217 . 1612
20 2213 1675 259.1 174.5
50 . .2807.. 1967 .. 3095. .. - 1902

100 3267 . 2194 349.0 201.3

Raiufall Intensity and Duration

Intensity-duration curves can be put into the Talbot Formula, as follows:

| 1,-;_5/(:+a)



" where; -

L A _raihfall'tntensity (mihfhr) i
SR SRR storm durat:on (mm) T ,
a b o regress:on ooeﬁ‘icnents to be denved by analytlcal method employmg the

least square method a

'As for Ormoc Ctty, neither hourly ramfall data nor, mtensnty-duratmn analys:s is avadable
| : 'fherefore, the mtensuty-durahon curve of Tacloban is adupted 'l‘he probable daily ramfall m
Ormoc is analyzed by correlat:on between Menda and PNOC—EDC statlons 'I'he probable
| . dally ramfall of Menda Statmn is adOpted by means of the Iwa: Method S

Ror = 2.008 Rm; £50.0

" where;
~ Ror daily rainfall in Onnoc:(mm/day)‘
" Rmr : . daily rainfall in Merida (mm/day)

The storm rainfall durauon is fixed at 24 hours The hour]y ramfall distribution 1s assumed
(o have center—concentrated pattem which i3 commonly apphed to the estnmanon of design .
- flood" runoff, ‘Design’ hyetograph is constructed by usmg the mtensnty duratlon frequency v
equation of PAGASA for its hourly dlstnbuuon and the Iwaa Method for nts pmbable
daily (24-hour) ramt'all 38 presented in Flg 3.1 ' |

Basin Mean Probable Ralnfal! ( R,,, )

The basin mean rainfall is estlmdted by the area conversmn factor, tegether wnth the

adjustment coefficient of altitude, -

Ry=f*Ry | 3
where;

Rs basm mean probable ramfall-

Rg : point ramfall



f s conversion féctor
b forfe | o
o where f,._ area conversion factor

£ altltude adjustment factor -

.City. - River ... Catchment . Altitudc_.-_ Mean T f. - Conver- .
. © Area at of Re- = Altitude - ' sion
BasePomt presen- - - of River ~~ = .~ ' Factor
(krn) - tative  Basin .M
" Rainfall - (m) S
~Suation .

Toilo. Jaro, . . .. 4121 .- 10 - 190 062 10 062
. oile 931 10 0 200 074 10 074
Cebu  Bulacao '10.7 40 400 086 13 - 112

© Kinalumsan 178 40 180 083 1.1 091
" Guadalupe 163 40 320 084 12 101 -
Lahug .63 . 40 220 088 1.2 1.06
o ‘Subang Daku - 126 40 60 08 1.0 085
“Ormoc © Anilao ST 2520 4000 250 082 083 072

Malbasag 111 . 400 200 08. 087 074 .

| _3‘.1‘.27- .'Flébd_ _Runo'f:‘-Ana;ysis B

' RWer System Model

’I'he Tiver system model has been constructed for the ﬂood runoff analysis of shapes, stream
networks and topographles of the dlﬁferent river basins. The model comprises all_the
_elernents of a rwer system such as subbasins and channels. These elements are linked
together by c0mputatlon pomts A base pomt is the principal pmnt among computatmn

pomts to evaluate the desngn flood dlscharge for the formulauon of a flood control pIan

Subbasm areas. of the nine (9) rivers are shown:in Table 3.1. The basin: dwnsmns mcludlng-
all b_as_m components and river system model of the related _r;vers are shown in Fig. 3.2

to3.7.
Mooty
"I'he nver runoff computatmn has been camed out by the umt hydrogmph derived from

o -Nakayasu s Synthetic Umt Hydrograph ‘Method, whlle ﬂood routing along the Jaro and Tloilo

rivers has been calculated by the storage function method.



-Me.mn_rm

. -_'I'he effectwe ramfall has been evaluatcd by both saturatlon raunfall and primary runoff rate. _

) 'I'he saturatton ramfall is. the mﬁltratlon depth dependmg on the antecedent rainfall and :
o geoiognca! condmons, _whnle the pnmary runoff rate is dommated by land use. Consndenng
: the: geologuzl oondtt:ons of the study area, saturatton ramfall is' taken as 100 mm for llo:lo,
.Cebu and Tacloban, and 300 mm for Ormoc Furthemnore, saturataon ramfajl of the Toilo
| ‘river. basm is esttmated to be hlgher by 50 mm than the Jaro river basm because the !loxlo" '.

nver basm mostly cons:sts of paddy fi elds where there is more storage of ramfall

The pnmary runoff rate employed i$ generally 0 5 whtle 11 1s 0 8 in Cebu on account of thc'

o 'mgmy urbamzed Ianduse

| Probable Flood mschan_-ge

'Probable ﬂood dlscharges of the rivers are computed for 2, 3, 10, 20, 50 and 100-year retum

' penods The probable dlscharges at respectlve base points are as. gtven below

N . : (Uml m/s)
City River = 2-yr.  5-yr. . 10-yr. 201, ""SO-yr 100-y1i*
Iloile ~ Jaro : 360 493 696 966 - 1,391 1765
: Tigum* 146 204 293 . 415 - 616 797
. Aganan* . 214 289 403 .55t 775 U968
“Mojle - 1. o 190 .255:.. 314 . -.390... -'584 .. ... 774
. Mandurriao* - 36 - 45 - 54 . 63 - 61 - . 119
Cebu ~ © Bulacao -~~~ 110 .'140 ~ -164 187 72147 2367
: - Kinalumsan - . 109~ 140. .. 162 . 185 -~ ..213 = ..235
Guadalpe . 118 153 177 = 202 233 . 257
" Lahug’ 63 80 93 1067 121 0 134
_ - Subang Daku-: . . /107 - 138 . .160 ... 181 .. 209 - . 229
Ormoc Anilao 247 313 . 362 453 . 603 79
- Malbasag 1290 162 0 195 250 ... 328 . . 387

* Major tnbutary

The spemﬁc discharges of 50-year return penod were also estlrnated as tabulated bclow for
comparison wnlh those of other river basins, whtte the flood dtscharges were esttmated by

mundmg off the COmputed probable dlscharges




City Name  RiverName Basin Area _ " Peak - ... Specific . :

(kmz) Dlscharge D:seharge

_ : - ' (m’s) (m/s/hn)
_Hoilo - Jaro- S 412.1 1,400 34

cooo o Tigem® o oo 21330 0. 600 o 28 ..

Agapan* 1988 . 800 . 40

“Hoilo oo T e31 o Te00T T 64

1 .. Mandurriao* - .99, 100 . 10a
Cebu Bulacao S 107 220 20.6
¢ ... ¢ Kinalumsan . . . 178 . 240 . 135
- Guadalupe = . 163 260 160
CcoLahugsc e s 630 0 0 140 L2222
_ _ ‘Subang Daku o126 - . 3o 183
ormoc- . Anilao o 282 6100 242
' _Malbasag - : 1.1 330 - 297

o Majormbutary R

'I‘he spec:ﬁc dlscharges were compared wuh thoso eshmated for other river basms as shown
‘_m Flg 3 8. The computed ﬂood dlscharge is thhm the range of flood dlscharge for rivers in ‘
 the P Phlhppmes Thls Justlf' es the method and parameters employed in the computanon for

rivers in the study area,

Probable Dlscha re l'or Dramage Ares

Probable ﬂood d:scharge for the urban dramage area was computed usmg the Rational
Formula ‘Due io the scarcnty of. ﬂood dlseharge data and correSpondmg rainfall records
'dunng ﬂoods, lhe ‘runoff coefficient was deterrnined accordmg to the table below depending
on the land use conditions. Peak dlscharges of dramage are_as in the four cities are shown in

Table 3.2

Land Use in River Basin o Co Runoff Coefficient

“Urban Area-1 (Low Density, Residential) -~ -~ 770 7 0,50
Urban Area-2 (Middle Density, Residential) . .. .. .. . . 065
Urban Area-3 (High Density, Residential) 080
Mountain and Hill of Tertiary 0.70 - 0.80

" Rolling Land and Forest = - : 0.50-0.75
Basin with Around Half of Flat I_and - ' ' ' 0.50 - 0.75

~ Source: Nationwide Flood Control Plan and River Dredging Program (DPWH, 1982)

Desinl-! drorah

. De31gn hydrographs at the base pomts in the related rivers are shown in Fxg 39to 3 11. The
E 'probable flood: d:scharge was estlmated for the base- pomt of each- nver as shown in Fig. 3. 12

C to314



. 3 ]_‘; Flwd lﬂllndlﬁon Anllysls Ll

| Flood lnundation Model

B Accordmg to lhe mundahon oondlllons on reoord ﬂood dlscharge beyond the river channel' ;
flow mpac:ty wndely sPread over the low. Jand, To express the hydraullc condmon the_
_ Two-Dnmensuonal Unsleady Flow Model was employed under the fo llowmg oondmons

(1) iThe whole ﬂood prone area lS dmded into mesh blocks of 250 m by 250m, - 1
- butmesh blocks of 125 m by 125 m are apphed for Ormoc Cny because of its

5 'comparatwely small ﬂoodmg area.

(2) The average ground henght of edch mesh is obtamed usmg the t0pograph1c map
: 'wath the scale ot‘ 1/5 000 or: 1/10 000 prepared in th:s Study '

0 :;‘_Stmctures such as roads and rallways whlch may hamper the smooth ﬂow of '
; rmundat:on Wwater are taken mto cons:deranon assummg them as welrs between :
" the miesh blocks.

" (4) Flood discharge overtop at-points with low flow __cepaei.t)l;_an_d spread over the
o mundahonarea S SR

On the other hand stormwater mundatlon along the pnmary d:amage channel was ana]yzed :

' _by means of umerm ﬂow computat:on for each CToss- secnon of the channel The mundanon .. _
area for each . charmel was delmeated by envelopmg the mundanon w1dth a each

' cross—sectson ' L ' '

Results of Inundation Analxsl

The maximum mundauon areas and depths of a 50-year return penod ﬂood in. each nver are _

expressed in both patterns and figures and shown in Flg 3, 15
32 R.lvers f

3t Riversystem' S

Iloile City

(1),  JaroRiver
Jaro River, located at the northem _part' of Tloilo: Clly,,‘haSza'ieatehment area of -
412 km? and stretches about 20 km from the river mouth to the- confluence of two

major rivers; namely, Jaro-Tigum River, the main stream ‘with a length _of,about o



55 km and a catchment area of 200.2 km and, Aganan River, the Iargest tnbutary
. witha length of 40 Jn and a catchment area of 198.8 k.

- Tigum River originates m_Mt;-- Llorente (EL. 1,344 m) and flows southeast toward

. Sta. Barbara tbrough Maasin_where: the mouniain'area tumns_into plain: area. - At

:-. Sta. Barbara, the river-now-named Jaro River heads southward to the.confluence with

o Aganan Rwer gathering small tnbutanes The river course.of Tigum at the streich
between: Maasm and Sta Barbara shapes the wide flood plain with small water

channels called braided rivers. _

Aganan River ﬂows southeast to south i in the mountain area. After passmg the. plam

: area, t_he nver tums east and meets Jaro Rwer at Pawa

| '-Jaro Rlver aﬂer _|o1mng the Aganan RIVBI‘ flows south with meandering. Although '
‘quite st_eep-upstream with a riverbed gradxen_t of 1/1,500, ,_Jaro. River slopes gently
* downstream at 1/4,500 and flows out into the Iloilo Strait,
(2  loilo River
P llmlo vaer is sandw1ched ‘between the sandbar. and- alluwal plain formed by .its

.. tributaries. It ﬂows 10 km -along the eoastal line: from west to- east, with a catchment
' area of 931 km? and a gentle_ gradient of 1/4,000.

. Three. tributaries flowing into lloilo River run almost-in- parallel from no_rth to south;
%.'.n.amely,. -Mand_un'_iao River (Pandan Creek),: Carahauan Brook: and Corosan .Bro_ok

o wit.h catchment areas of 9.9 km2;i 27.5 km* and 39.7 lunz,-re5peelively.. The channel
: length of the tributaries is from 5 to 6 km. |

"Cebu Clt! |

Cebu City has ﬁve (5) related Tivers; namely, Bulacao River, Kmalumsan River, Guadalupe
- szer Lahug ijer and. Subang Daku River. The ﬂve tivers have _similar. topographic
_ features - All the nvers are usually steep with a longntudma} gradient of 1/200 to 1/50 in the
- mountain area “and _ﬂow from north, to _sou_th almost in par_a])el,gatber_mg._severa_lr drainage

| I;.channels | o | | | B |
Lahug Rlver is dlverted at 3, 32 km from the river mouth to the dramage channel connected to

_Subang Daku River.' At th:s pomt all. base ﬂow of Lahug River is re]eased to the Subang' -
Dakunverbasm ' SR R e :

k :_ Cebu Clty has expanded to the south by reclamatlon of the seashore The rwer mouth of

- Subang Daku River has been reclalmed and used for the Cebu Intemational Port,



; Omoc Cit!

Ormoc City-is stated between two rivers: Anilag Rlver on the west side and Ma!basag o

' _'Rwer on the east side. - With the length ‘of 17 km to 12 kim, respectwely, these two nvers
: ﬂow on the western slo;ae of Mt. Banao' closely in- pamllel to each other from northwest to

| southeast and eventual]y jOIl'I tnbutanes runhing aiong the mamstream The river cbannels in _.
: the mountam area form upa deep valley where the Tiver gradtent rangee from 1/10 to 1/45 !
_' . ,Where the rivers’ pass the plam area, both tnm south and merge into the Ormoc Bay keepmg a

steep nver grad:ent of 1/150

Tacioban Ctt

- There are three (3) rivers in 'I‘acloban Ctty, nameiy, Abucay Rlver Mangonbangon River and

', Burayan Rwer “Since a!i of them do ot have large self-catchment areas the charactenstlcs "

of these nvers ciassﬁ'y them as urban dramage channels

) 'Abucay R:ver, a small brook is located on the northem part of Tacleban Clty and flows for

_ _'approx 2km into a swampy area,

Mangonbangon R;ver uns 5 km north of Tacioban ctty proper aiid: merges wsth the Panalaron
- Bay. The upper stretch from the h:ghway is covered by a swarnpy area and the river ehannel

is not clearly formed

Burayan Rwer w1th a totat ]ength of 4 km flows Erorn southwest to northeas: on the southern

part of Tacloban City. -~ At the upper end of the river, the river channel recewes dramage :

.channels of subdtvnsrons under constriction.

322 | Flow Capacity

To evaluate the present condition of the river channels, the flow capacities were eSttiiieted .

Non-umform calculation method was employed for sub- cnttcal ﬂow at the banlcfull water

level and ‘uniform calculatmn ‘was emp]oyed for super-cnttcai flow: Generally, the ﬂcrw '

capaclty of the resPeetwe rivers is small at less than the probable t]ood dnscharge of & 2-year '

return penod. The estimated flow capacity of rivers is shown in Fig. 316103.19; -+~
3.2.3 Rlver Stmctures

There are. many extstmg river strucrures categonzed into. four xtems 1e ﬂood control

structures, bndges municipal water intake and lmgatton system Rwer stmctures in.the

study area for the t"uur c:ttes/rwers are summanzed as follows

L



__City/River . Flood Control . Bridge . Water = Imigation Others

- Supply
lollo City B
Jaro Dike (2.965 m) 10(1)  3intakes  1intake ---
oo - 5 e e
. Mandurriao Dike (200 m) 6 e e
Bulacao . Dike(1,500m) = = 2 — .. == Seawall
R Revetment B : o ' o
. Guadalupe . ,-'__KRevetment (300 m) 7 S e Groundsill
"Lahug.~  Diversion Weir (6 m) 9 w- == Culvert
- Subatig:Daku’ - -‘Revetment R R Ce=to 0 eea . Port wharf
~ OrmocCity e o |
Anilao . Revetme'nt (1,140m) 3 - e R
Malbasag. = Revetment (2,060m) = 2 lintake - 1intake -t
. Tacloban City. : : :
E Abucay R L B R e PR Culvert
Mangonbangon_ . "Revetment. 7 - -—- Culvert
Burayan .= - 2 el _ e

3.’2.4 River Floods
‘Most of the past ﬂoods in the study area were brought about by typhoons In the last decade.

from 1982 to 1991 ten (10) typhoons passmg the Vlsayas brought heavy ramfall of more

: than 100 mm/day in erther one of the four cmes in the study area _

- The data on ﬂoodmg condntlons such as area, depth and durauon were obtamed for rather :
recent floods, durmg typhoons Rupmg (November 1990) . and Uring (November 1991).
" 'Typhoon Ruping mainly hit lloilo and Cebu, and Typhoon Urmg hit only Ormoc, _Irr

addition to these floods, data on the latest floods in lioilo were also compiled.

" lloito
(1) PastFloods -

'With heavy rains brought by Typhoo'n".Rirping;; flood overflow occurred at several
* " sections of the river bank in the'middle Teaches of Jaro River. ‘The flood peak
' "‘dlscharge was esnmated o be approx 800111 /s which' is almost " equwalent toa

e 10-year retum penod flood dlscharge

o The ﬂooded area was, as shown in Flg 3. 20, esllmated to be approxrmately 1,400 ha
§ ""’-"_:_'I'he ﬂood dePth reported was 0. 5 to 1.0} m, arid’ ﬂood duratron was estlmated to 'be

B several hours



. As for llotlo Rrver, no report on ﬂoods mused by nver bank overﬂow has been rnade
7 _'m t.he last several decades Some lowland areas around the oonﬂuenoe wrth;-

tn‘butanes were recogmzed by the Regton Vi Oﬁice of DPWH o
@ Flood on July 29 1994 :

:.; '_Ilorlo Ctty suffered from wrdespread ﬂoodmg on July 29 to August 1, 1994 mused _ |
b} the unusual heavy m0nsoon rains. Massrve ramfall (319 mm/day) was recorded at
the PAGASA Station near the I1oilo Airport on July 29, 1994. The heavy rain Started.
.- ,“1 July 28 and lasted for three days with a 3~day total ramfa]l of 628. 6mm Under
it "thrs unpredtctable ctrcumstance, 80% of Ilailo Crty, wpecrally low-lymg areas was
.submerged for two: days/mghts and- mfrastructures were destroyed and human'

- acttvmes disrupted. The ﬂoodmg areas are plotted in Flg 3. 21

I At Jaro Distrtct in Noilo Ctty and Oton in Iloilo Provmce a total of 25 000 famrlres
were affected More 'than two- thlrds of the casualttes reported occurred at these
‘places and total/parttal destruction of houses have been reported

Cebu -

Durmg the typhoon tn Cebu Ctty, _no overﬂow was reported m the mrddle reaches of the

'ﬁve (5) nvers l-lowever a narrow belt along the seashore was flooded due to ﬂood overﬂow

in the five (5) rivers, Although no. ﬂood dtscharge was observed the ﬂood by_'
Typhoon Rupmg in November 1990 was estrmated to correspond to a lﬂ-year retum penod

based on the datly rainfall of 1397 m at Lahug Statton The ﬂooded area was estrmated to be

approx ‘800 ha as presented in Fig, 3 22 and the flood depth was about 0 5 m to 15m at the |

deepest site. Flood duration was rather short at 1 o5 hours

Orm'oc

As reported many times through nEWSpapers and communication networks becapse -of i rts brg :
death -toll of about 5,000 peopte a big ﬂush flood caused by the downpour brought ° by
Typhoon Unng on November 3, 1991 swept Ormoc Crty A sunple computation of ﬂood -
runoff shows the peak ﬂood discharges of the Amlao and Malbasag rivers to be’ 600~700 m’/s
and 250-300 m fs respectlvely They correspond to ﬂoods of about a 20-year retum penod

The flood area lS tather small at approx 200 ha as showu in th 3 23 although ﬂood depths: :
were. reported to be 1.5 m to 4,0m at the deepest site, The flood dtscharge was once
dammed up by: drtftwood and debrts stagnatmg at 500 m upstream of. the Amlao Brtdge, and

the "dam"” was breached by ﬂood overflow resulttng in the formatton of a hydraullc bore
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