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1. GENERAL

- Hydrologiml studies weré carried out in the following three (3) stages:

(1')‘ Inventory Study (January 1993 - February 1993) . -

Collection and compilation of meteo-hydrological data of representative medium and

. small scale river basins in and around the 13 urban centers.

Master Plan Study (March 1993 - July 1993)

" Hydraulic and hydrologxcal analyses consnstmg of the following three (3)
‘componenls in the Master Plan Study

"+ Rainfall and Runoff Analysis

*  Preparation of Runoff Model and Probable Flood

 Feasibility Study (May 1994 - September 1994)

‘Runoff simulations using.data recorded at the new rainfall and water level stations

installed in the Master Plan Study

. The study area for the Master Plan has been designated through the Inventory Sludy-

to cover four (4) urban centers or cities; namely, Hoilo, Cebu, Ormoc and Tacloban,
as tabulated below : :

Item No. UrbanCenter _ Related River : CatchmentArea
SR S (km’)
1. Hoile - Jaro - 4120
o | Tloilo 106.0
2.  Cebu - Bulacao : 10.7

' ' - Kinalumsan _ 178
Guadalupe _ 16.3

Lahug _ _ 6.3

_ : . Subang Duku _ 12.6
3. Ormoc Anilao 252
: - - Malbasag : 111

4.  Tacloban* Abucay _ - 24
: Mangonbagon 49
o ‘Burayan- 6.5
Total - ' ' 6318 .

~*: Threerivers in Tacloban Cnty are defmed as urban dramagc channels,






2. CLI_M_ATE AND HYDROLOGY

Climatic Condltions

The four cmes are located in’ Regums VI VI and V]II in the Vrsayas The ci_imaiic

‘conditions of the respective cities are different from each other due to the existence of various
-plateaus and islands that differ in relief. As the climatic classification- map of the Philippines
~ shows (zrefer to Frg 2 1) the four- cities fall under four (4) different climate types, as '

: descnbed below o

e

@ .

Hoilo

Tloilo Crty, and the Jaro and Hoilo river basins fall under the Type I climate which
"has two pronounced seasons, dry from November to Apnl and wet during the rest of
. the year, The mean.annual temperature in Toilo City is 27.67C, and the highest :
“monthly temperature is 33.1°C occurring from April. to May, while the lowest -
_ monthly temperature is 22.7°C which _prevails in. January and February The mean - :
: ,annual relative humidity i is ‘about 81%. .- " :

The c]rmatologlcal normals and extremes in Toilo' City are summanzed in Tables 2 1 .'

and 2.2;in accordance with the data of PAGASA.

Cebu

Cebu City and the five related river basins fall under the Ty;re IV climate. 'This is
characterized by a rainfall which is more or less evenly distributed. throughout the

o 'year The mean annual tcmperature in Cebu City is 28.1°C, and the highest monthly
o ;temperature is 33.0°C occurring in May, ‘while the lowest monthly temperature is
Co237°C which prevalls in February The mean annual relative humrdlty is about 79%.

,_'__"The cl:matologrcal normals and extremes m Cebu Cny (Mactan Alrpoﬂ) are

(4j L

'_ ";summa.rrzed in Tables 2, 3 and 2, 4

(3)"" Omoe = . :
" ‘Ormoc City, and Anilao and Malbasag river basins fall under the Type IV climate
~which is characterized by a more or less even distribution of rainfall throughout the
year. ‘Nb climatic station of PAGASA is located in Ormoc City. There are four *
. _stations located near Qrmog City, which have recorded temperature and humidity in
~and -around the Geothermal Power' Plant PNOC:EDC (Philippine: National Oil

Company-Energy Developmcnt Corporatron) in Tongonan. Although meteorological
data are not- complete, it is. estimated that the hrghest temperature takes place in May

at 29 8°C-and the lowest in January at 25.2°C as average from 1984 to 1987, The
‘mean annual rclanve humndlty is about 92%. (Rcfer to Table 2 5 ) :

‘Tacloban City and its related river basins fall under the Type 1l climate which i
o exhibits no dry séason buta, very pronounced heavy rainfall, usually occurring from
- ‘November to: January “The ‘mean -annual lemperature is 27.2°C, and the highest

monthly temperature is’ 31.4°C ‘occurting in - May ‘and August ‘while the lowest
‘monthly tempcrature is. 22 7°C whrch prcvalls in February The mean annual relative

} humrdxty is about 83%.

 The: clunatologlcal normals and extremes in TacIoban City are summanzed in
_Tables26and2?



22 Troplool Cyclonﬁ and Rainfall

.-Tronlcal C!clones

In the Visayas, the main factor aﬁ'ectmg the climatic oond:tlon is tl'OplCal cyclone - About =
47% of rainfall is associated with tmplcal cyclones ’I‘ropical cyclones are, by mtemauonal Ly
agreement, cla331ﬁed as follows S

(1) TrOp:cal Depress:on (T D ) R wnth maxunum wmd speed L
(2) Troptcal Storm (T S) PR I w1th maximum wmd speed'-‘;" B
_ P o ‘between 64 and 118 kmfhr

o ( ) Typhoon (T) _; 5_-.:w1thmax1mumwmds

-grcater than 118km/hr o
Durmg the past 44 years (1948 91) a total of 875 tmpml cyclonm hit or came closc to the

 Philippine Area ‘of Responsibility (PAR). “About' 209% of them hit or came close to the

Visayas. The number of tropical cyclones which occurred in‘the PAR is shown in Table 2.8,
They occur in October and November, as shown'in Fig.2.2, Tracks of. cyc10nes ‘which

: broughi heavy rainfall' more’ than 100.mm in the last decade are presented in Fig..2.3; and all -

. cyclones a&ectmg the study area and the maximum dally ramfa]l are shown in Table 2 9.
_ Rainfall | | o |
E Rainfall in the study area isas descnbed below e
(1) - :Avallab}e Data L-:f L

“The requ:red ramfall data of t.hc Master Plan study area. were' obtamed ﬁom o
'PAGASA and the Water Resources. Center, University of San Carlos in Cebu. City-
(WRC- USC) "The locations and details of these rainfall stations are given in

' Table 2,10, Takmg into account the location and the penod of records, the stations '

~ shown in the followmg tabie were selected as the representatwe rainfall ‘stations of - .
the Master Plan study aréa. The locatlons of thcso statlons are given in Figs. 2 4. .
to 2. 6 ' : . '

Tem Station, . Urban . Record . . Ib'cotionof.StatiOn

"No.. Name. .~ Center -~ - Period, =~ =~ .
~ Lo HNeilo: -+ Hoilo .- ~ 1961:1991 ;_,-Axrpon(PAGASA)
2. Lahug. © Cebu .0 . 1949-1991  .Airport (PAGASA) .
3. . Merida - Omoc. . - 1971-1991 . Synoptic St. (PAGASA)
4, Taolobah ,.Tacloban 1961_-1991 '-_Axrpon (PAGASA)

Hourly rainfall records are avaalable only at three (3) statlons Iloﬂo I.ahug and _' L
Tacloban as shown in thc fol]ow:ng table. : S

"Item No. ~ Station T Collected Penod

"1 dolloCity . 1961-63,1972.79, 198186
2. LahugAiport: - 1950.56,1960-65, 1970-74
3. TaclobanCity = 196181198488
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| 2.3

: 'RamfallCharaclenstlcs G

" "Rainfall is probably the most distirictive element of chmate in the Phlhppmes It is
" very mach influenced by the air streams, the typhoons, the lntemopncal Convergence
- Zone and topography. :
“The average - ‘annual rainfall of the Philippines is about 2,530 mm, while in the
i szayas, it amounts to about 2,390 mm. The monthly and annual rainfalls at the
.- Tepresentative stauons are tabulated in Tables 2.11 to 2, 14, The average annual
. ramfal] of the four (4) cmes are summanzed as follows:”
Ciy 'Rainfau Station_ B Annual Rainfall
“Roilo . Moilo . .. 2,050
Cebu - Lahwg .- .~ . . 1,630
. Ormoc  'Merida - 2,090
. Tacloban- S -Tacloban' e e 2,280- S
Generally, heavy rains whlch may cause ﬂood in the V:sayas are usually brought by
" tropical “cyclones’ from June to December, The mean monthly rainfall in the
- Tespective stations also shows seasonal variation of rainfall, as given in F1g 2.7,
lsohyetal maps of annual ramfall indicate areal rainfall distribution of the four cities,
as shown in Fxgs 28 t02.10. - '
- River Flow
Available Data

There are a few streamﬂow gagmg stauons in: the master plan study area and -its surroundmg '
‘areas,’ The maximum dischargé and mean monthly discharge of the related rivers are given in
Table 2.15: Daily river discharge records available at 18 stations are listed in Table 2.16, and
locations of these stations, are given in Figs. 2.4 to 2.6. However these records are
fragmentary and hourly dnscharges have not been recorded

" Runoff Characteristics _::

: Ramfall charactenstlcs in the study area are descnbed as below

M

: llmlo

Based on the streamﬂow records of nvers in the surroundmg areas, the maximum,
average and minimurmi dlscharges of Hoilo River are estimated as below the syemf:c _

e __base ﬂows of Jam and 110110 nvers are esnmated to be lower than 0.01m fs/km

.River " Catchment”  Maximum " Average Minimum
R Area ‘Discharge Discharge Dlscharge
o Q) (i) (m’/s) (m’fs)
-___,'_:Jalaux- . L1499 . .U16250 0 605 0200
" lalaur2 05340 .0 19374 0 340 0 ¢ 0390
C Jalawr3o 0 U169 T 10030 0 131 0140
C-oSibalomel i o o T 635 9200 e 341 ~.. 0080 ¢ -
‘., Sibalom-2 i 619 Lo 11433 389 - .. 0080
.- Sibalom-3 ¢ M7 o0 651,00, 0 48 o 0,030
. Sibalom-4 - 103 . 3570 .87 0730

 dnabasan . .97 . 2173 13 . 0000



, base.flow and comparatively sharp flood peaks Having rainfall retention in paddy
" fields; llo;lo Rlver s charactenzed by a regu:ne thh not 50 sharp ﬂood peaks as Jaro :

Wlth drstmct ramy and dry $£as0ns, Jaro Rrver is eharactenzed by a regune wlth poor.: :

S f"‘Rlver

@ -

' Cebu Crty and the five reiated river basms aré charactenzed wnth evenly dxstnbuted
“'-"ramfall thiroughout the year, Having a prevallmg impervious clay loam soit cover, -

. “lack of forest cover, steepness of topography, and rather small rainfall, the rivers in
* Cebu City are charactenzed by a reglme with no, sustamed base ﬂow and extremely

B sharpﬂoodpeaks

“From the streamﬂow records of rivers in the surroundmg area, the maxnmum, average :
‘and minimum drscharge sare estimated as below, and the’ Specrﬁc base ﬂows of rivers

o in Cebu Clty are estrmated to be less than 0. 005 m /s/km

River 'Caihrnent ' Max‘imum ' Average © Minimum -
o Area . Discharge '. Drscharge Drseharge
Sl (kfn) (m Yo (m’ /S) _(m’ )
: ;_-"fl’rlogo ' R v F I _: L 0.50 -0.002
Caréar’ 24 L6 034 0090
) Mananga e4 6340 0000 0000
Ormoc

_ ® _,

4y

~ Anilao and Malbasag river basms in Ormoc City are charactenzed wrth evenly L

distributed rainfall throughout the year. ‘Although the river basins are very steep, the’

. base flows are rather big die to rich springs in the upper stream’ area.. On:the other

hand, river flood flow is qune fasl and sharp as evrdeneed by the ﬂood on November
5,199L,. . i : . N

' From the streamﬂow records of rivers m the surroundmg area, ‘the maximum, average' o

and minimum dlseharges are estimated as below, and the spec1l' ic base ﬂow of Amlao"' :
and Malbasag nvers is estlmated to be less than 0.01.m /s/km T

River Catchment' 'Maximum o Average . Minimum =

Area Dlscharge Dlscharge - Drscharge

(km?) - (ms) ~(mfs) (ma/s)
‘Massin 22 594 . 159 . ;"___\0,015. o
Baleon 19 . C 532099 - . 0055
Bao 65 1675 475 0000
Tacloban

The catchment areas of Abucay, Mangonbagon and Burayan rivers are. small at Iess :
than 10 km and flat with poor vegetation, Therefore, low flows of the nvers are very

- small, whlle storm rains usually brmg sharp and hlgh ﬂood peaks

From thie streamflow- records of rivers in the surroundmg area, the max1mum, average . .

and minimum drseharges are estimated as below, and the spec1ﬁc base ﬂow of Tivers
in Tacloban City is estunated to be less than 0.02 m /s/km :




River - Catchment =~ Maximum Average Minimum

Area : Dlscharge Dlscharge Dlscharge
_(am?) (m’/s) (m’/s) (m/s)
Calingcaguing 128 542.5 8.08 0.760
- Mainit - 98 - 583.2 - 766 1.400
~Lingayon ~ 10 112.6 1.25 0.130
" Dap-Dap 30 ~ 116.6 1.76 0,050

' 24 “Tidal WaterLevcl

_' According to the Pred:cted Tide and Current Tables (Natlonal Mappmg and Resources
Information Authority, DENR, 1991) and the results of the topographic survey conducted for
* the Study, the tidal water levels in the four c:tles are summarized as follows, and illustrated
. in Flg 211 ' :

Item No. Water Level " Toilo Cebu . Ommoc  Tacloban

1. Mean Spring Higher High +1.82m  +1.75m  +1.95m
. Water (MSHHW) = . _ : : _
2, Mean Higher High Water . +157m  +147m  +1.66m = +0.69m .
o (MHHW) o . T ;
S 3 Mean High' Water (MHW) +1.30m +1.19m +1.39m +0.51m
4. . Mean Sea Level (MSL) +0.75m - +0.69m +0.80m +0.29m

5. Mean Low Water (MLW) +0.21m +0.18m +0.20m +0.04m

Note‘:_' Ormoc is a secondary tide station; the others are primary tide stations. Except
Tacloban, datum planes of lloilo and Cebu are set up from 19 years series of actual
observatlons Datum plane of Ormoc is from one month actual observation,






31 :l

e EROSION AND SEDIMENTATION

Prosent Sediment Condition |

* Thiough the field mvestlganon and data collection, sedlment condition in the four cities has
been observed. Generally, erosion and sedrmentanon have not become a senous lssue in
ﬂoodmg ptoblems of the study area. S : .

EA]O“& Jam River and its main mbutary, Aganan River, there are not observed heavy
~ channel erosions ‘and bank scouring. Vegetation cover in the upper stream area is

)

O

llodo

thick, stabilizing the surface soil layer in the river basm

. On the other ‘hand, degradatlon ‘of the riverbed occurs more often in-the rmddle to

lower reaches. .Most of the bridge footmgs have exposed even concrete plles under:

" the footing are ‘observed above the riverbed, endangering bridge structures.

Reinforcement works have been provided for the. foundatlons of Montinola and Jaro

_bndges This rapid riverbed degradation has been caused by the unbalance of

sediment due to collectmn of nverbed materials for concrete aggregates.

 For llcilo Rwer dredgmg works are underlaken by the Ph:hppme Ports Authonty:
(PPA) for approx. 3 km from the river mouth every year fo ensure inland navngahon S
Iloilo River has become shallower due to sediment brought by tributaries such as the
“Mandurrido River (Paridan Creek), Carahaunan Creek and Baunan River, which flow
~ through agricultural land. However, sediment deposit in the river channel of lloilo is

estimated to be small, because the dredgmg works are executed for only one month :
with a dredgmg volume of 300 to 400 m™. .

- Cebu

.The five rivers in Cebu City are mostly steep in the upper—mlddle reaches and gentle

in the lower reaches. Although urbanization has ‘extended to the middle redches,
serous sedlmentataon is not observed along the channel, while all nvers ‘have

_ suffered river mouth cloggmg by. sedlment mixed with SOlld wastes.-

Generally, the upper watershed of nvers are covered by thm vegetanon of bushes and

~ grasses except that of Buhisan Dam (Kinalumsan River) where the city government

has promoted a reforestation program. ‘Due to the small rainfall, the nvers have

' neuther expenenced heavy sedimentation nor debris flows.

Subdivisions have been constructed mostly in- the mlddle-upper reaches of the rivers
" except Lahug River. - Since no protection - works: have been: provxded in the
" subdivisions, not only- the. developed:area but also the urban areas in the lower

reaches are under the menace of sediment damage.

A study on sedunentanon was carried out for Mananga R:ver Wthh is located" '

adjacent 1o Bulacao Rlver (Sediment Transport Study: Cebu Water Supply Project,

1991). In this report ‘the ‘annual total sediment yleld in the proposed Mananga Dam

3

"' watershed (693 km”) was. estimated “at 254 SOOm/year of whlch the bed load
" component is assumed 10 be 29. 6% L

; -Both Amlao and Malbasag rivers are generally steep from 1/150 to. 1/35 at the lower
“to mlddle reaches Therefore, rlver ﬂows are fast havmg a b1g erodlble energy



_ \_‘Although vegetatmns in the mrddle and upper reaches are tlnck, there are some. |
. portions observed sltdrng in the steep vaﬂey -

- “Maost of the river basins are covered by plantatlons of coconut and sugarmne and__

trees. - Sheet and gully erosions are considered 0 be small, while some small areas S

© ... are denuded due to the shrftmg culttvauou still bemg engaged m mountamous areas L -
" of Leyte . S . . '

S Dunng Typhoon Unng, a. ﬂush ﬂood scoured many spots along the river; bank o
pulling out trees, camying ‘boulders and sweeping houses and bridges.. Sediment was -

* deposited ‘mainly in the lower reaches, which was braided from the river banks in the -

- deep valley, No brg accumulatton of sedrment was reported in: tbe mtddle and upper
,'-ﬁ-jreachesofnvers T e R , R

@ "Tacloban : N _ . _
_ Due to the river topography that is qune gentle and ﬂat no sedlment 1s observed in =
the nver charmel Only sohd wastes dumped in’ the channel are found o

3. 2 Estimation of Sedlment Yteld

' Consrdonng the- geologml oondtttons whrch are’ almost terttary and/or quatemary strata in
the study area, Murano’s: Formula is applied to the estimation of -specific sediment yreld This
- formula . can provrdo hrgh oorrelatrons for several geologrcal condmons and is. gwen as ’
follows:: . 3 o . _ _ _ .

- .7;,14.‘.03.@37':;.:1 * blOgA ¥c zlogj'.}t}'d log ME + e-lbg'-R'r L

where; .

B qs i sPeclfic sediment yleld (m !year/km )
A4 T -catchmentarea(km)
R i, annual mean rainfall (mm)
- ME - :: meanelevation of watershed (m)
Rr : relief ratio o ' '
a..e : coefficient dependmg on geology for each term dotormmed by multrp!o__
R regross:on analysrs, as tabulated iri the followmg table '
Geology a b c ed e 'VCorro_lati_on o
| AR T Cetficient
T -B.5498 03926 13380 . - 0.2523 - 00955 : 0.6669
11 27844 -0.0618 . 20970 0.1071 - 1.8900 - 0.8342 -
IV - -29090 - -0.3928 - 09728 0.9631 . -0.2270 . - 10,6059 -
where; -
1. i watershed compnsrng old sedtmentatlon rocks (Paleozow and MGSOZDIC.
.. -stata)
111 1 watershed mamly compnsmg new sedlmontary rocks (Tortlary and R
Quaternary strata and volcanic detrrtus) : o
v ;. watershed mamly compnsmg eruptlve rocks (andesrte, ltpante)

thh respect to the adaptabrhty of sedtment yleld to be estlrnated usmg tlus formula, the trlal-r
calculation with Jalaur river basin in Panay is made, as shown in Table 3.1, According'to the -
. results, consnderably rehablo values of sedrment yneld can be obtamed t'or these watersheds,'_

CHY-10 0




though it may be problem_atic to determine the other various characteristic watersheds. A
summary of specific sediment yield is given below.

City Name River Name . Specific Sediment Yield
; : _ : _ ' (m’/year/km®)

lloilo : lloilo : B.0
' Jao - 323.0
‘Cebu . Bulacao . : 7820
Kinalumsan. 307.0
Guadalupe ~ _ - 4510
- Lahug S : 255.0
- - Subang Daku R - 1870
Omoc . Anilao’ L 1,655.0
. . Malbasag - 2,855.0
Tacloban Burayan o 0.4
- .. Mangonbangon 2.0
Abucay - - 18.0

Judging from the conipufed- Speéiﬁ_é sediment yield, some sediment and erosion control
works are required for the two rivers in Ormoc City.






‘4. RAINFALL ANALYSIS

al Prb’bab:e'miiﬁmm Daily Rainfall
 The reoorded maxzmum  rainfalls of - 1-day, 2-day and 3-day duratlon at the stations are shown
. in Tables 4.1 to 4.4, Probable maximum daily rainfalls have ‘been computed by the Iwai, -

. Thomas, Hazen Ishihara-Takase and  Gumbel methods. Results of analysis are shown in
_ Tables 4. 5 to 4.8. Results of the Iwai Method are summarued below:

_ L SR , {Umt mmfday)
Return  Iloilo =~ - Cebu ™ Omoc Tacloban

Period .- . Lahug Merida

20 _--'__ji‘1211}‘ o914 1307 . 1199
5 1596 . . 1235 18470 1461
10 1917 14570 2217 1612
20 2273 1675 . 2591 1745
50 2807 - 1967 309.5 190.2

1000 3267 2194 - . 349.0 o013

42 Rainfall Intens:ty and Duration 3

Ram.fall mtensny-duratlon—frequency data of the Phlhppmes were prepared by the Hydmlogy -
and Flood Forecasting Center of PAGASA in 1981. The detailed data of related stations
(Lloilo, Cebu and Tacloban) are shown in Table 4.9. Intensity of computed extreme values of - -
a IOO—year retun period are shown in the following table:
_ T T T T e T T PR AL T S (Unit: mm/hr)

. Stations. - 10min - 1hr. - 2hrs: - - . 6hrs - o 24 hrs

Meile oo 23220 091 628 313 147
CCebu 022920 11330 ‘849 410 T 127 -

Tacloban = 165."6 = 747 505 259 131
lntens:ty-durauon curves can i be put into an _equation: of the fo!iowmg form_in comparison’

with other formulas such as the Sherman Formuia and the Kuno- Ismgum Formu]a (Refer to =
Table 410)

1= b/(:+a) B " (Talbot Formula)
]+ rainfallintensity (rhmjhr).
t - . : storm duration (min.) -

@ b’ :  regression constants to be derived by analyncal method employmg the
L least square method :

. HY:13. o



 The results of an'g]_ysis'a;é as fbllowg_:; R . N

“Hollo  Cebu __ Tacloban__

"Retum..©  a. b e b T g

Period .~ o T
o200 039 - 5320 0 31 4866 34 74839
S ar 18 M 191 M 6162
100 50 9350 .50 - '-_,__10 094 49 . 8048 . -
207 53 10,930 - 547120030 sy - T U981
'S0 56 12,904 59 . 14808 57T j 10917

100 -~ 57 .‘14410 iy .:62 L 16-799 60 12,127 .

" As for Ormoc Clty, nelther hourly rainfall data nor- mtensnty durauon analysm is avallable

-Therefore, the mtens:ty-duranon curve of Tacloban is adopted. The probable daily : ramfal] in
. Ormoc is analyzed- by correlation - between the Merida and PNOC-EDC stations. The
probable dally ramfall of Menda Stahon is adopted by means nf the Iwal Method

Ror = 2008Rmr+500

where, : o ' o i
“:Ror : i daily rainfall in Ormoc (mm/day)
Rmr Gt da:ly rainfall i in Menda (mm/day)

Ramfall mtensnty chart by the sand ramfali mtensnty formula are. shown in Flg 4 1 to 4 3

3 Design Hyetograph

Sterm Ralnt‘all Dumllon '

The. duratlon of stom ramfall is an 1mportant factor to set up the des:gn hyetograph It has_ K
been justified from the fainfall mass curves prepared based on hourly rainfall records of big
storms, as presented in Fig. 4.4, that most of storm rainfalls, excluding some exceptxonal‘_*

cases, ceased within 24 hours, On the other hand, the lag time of flood duration has been
estimated at about 20 hours in the longest watercourse of Jaro River.. Thus, the storm rainfall -

duration is fixed at 24 hours. The design hydrographs of the four cities, Iloilo, Cebn -
Tacloban and Otmoc, are constructed by using the intensity-duration-frequency. equatmn of

PAGASA for its hourly distribution and the lwai Method for its probable dally rainfal, as )
illustrated in Fig. 4.5 to 4.8, . . . .

Basin Mean Probable Rainfall ( R, )

The basin mean rainfall is estimated by the area’ conversion factor together wnh the
adjustment coefficient of altitude.

= fR,
where;
R, : basin mean pmbable ramfall

R, : point rainfall




o

@

- f. 1 conversion factor

. fzf;ffe s ] 4 ‘ )
* where; f; . : . areaconversion factor

£ ¢ altitude adjustment factor .

‘A':éal Conversion Factor (f;) . .

- Basin mean probable rainfalls ate computed from the hyetograph of point rainfall at

the representalive station. This probable point rainfall is converted into area rainfall
for the flood runoff -analyses. Since there is no sufficient data to obtain the area

rainfall of each river basin, Horton’s formula, which has been applied to both the

Panay river basin in Panay Island and the llog-Hilabangan river basin in Negros
lsIand area ramfall is exammed by the ramfall data in or'around Cebu Cny

_ The formula is expressed as fol}ows

P =P -EXP|-01 (0386 A)‘”‘]

Ja=PIP,

where;

“fa- 1 area conversion factor
...P . : arearainfall (mm) -

Py . : point rainfall (mm)

A ' :.'area(km)

Isohyetal maps of storm ' rainfalls observed in Cebu City in 1978 are prepared as
shown in Fig. 4.9, and the ratio (P/P,) of areal rainfall to point rainfall and catchment
areas (A) are computed. The ratio and catchment area plotted in Fig. 4.10.

Altitude Adjustment Factor (£, )

-Since the representative stations are usually located in rather low areas with altltudes

ranging from EL. 10 m to EL 40 m, the rainfall amount is adjusted by altitude for the

‘rainfall in mountain areas. Totally, 12 rainfall stations in and arou'nd Cebu City were

examined to estimate the relation of rainfall to aititude.

Mean annual rainfalls for 11 years from 1981 to 1991 were calculated for 12 stations
located at various elevations from El. 8 m to El. 780 m. As shown in Fig. 4.11,
rainfall-altitude has a high correlation, since the almude is Jlower than 400 m, with

. the formula expressed as below

,;:p/P0=EXP[h/1,480_]

-~ where; -

« f. ¢ altitude adjustment factor -
- ki altitude (m)
" P : arearainfall
P, : . point rainfall



@) Convers:on Factor ( f) _ . S
L Taking the | above-mentmued study mto account, basm mean pmbable ramfall is -
estu-nated usmg the followmg area conversnon factor, ' o :

- City. .Rive_r' : Cat'chrnent A}t_itude_ g Mean ~far . fe . Conmver
- P . "Areaat ofRe- - Altitude. " Usion
... - - BasePoint. presen- of River.. oI ._.Factor
i (k) _'-tau'v’e_ o Basin . o ()
S Stanon eI
Hoilo - Jaro e 4121_ 10 190, 062 10062
o Teile ¢ L 931 1w 20 074 1.0 074
" Cebu  Bulacao- ~ 10.7 ' 400 086 13 1120
- .. Kinalumsan = 17.8 . 180 . 083 11 . 091
Gudalupe 163 3200 084 12 0 101
.~ Lahug " 63 220 088 12° 106
- SubangDaku . 12.6 60 . - 085 -10 085
Ormoc  Anilao .~ 252 250 - 0.82° 083 072 ..
' Malbasag . - 11.1 200 - 0.85 087 074

_§§esegg

'Ramfall Distnbution Paltern

The hourly ramfall distribution is assumed to have a center—concentrated pattem whlch is
commonly applied to the estimation of design flood’ runoff. This pattern is derived from the
rainfall mtensnty-duranon curve using the actual hourly data of the related stauon :




,f 5. FLO L.OOD RUNOFF ANALYSIS

_ _5 l Rwer Systtm Model _
The river sysiem model is constructed for the flood runoff analysis of different river basms in
their shapes stream networks and topographies, The model comprises all the elements of a
- river system.such as subbasms and channels. These elements are linked together by

“computation poinis,. A base point 15 the pnncrpal point- among. computation pomts to
_evaluate the demgn flood dlscharge for the formulation of a flood control plan.

In constructing the river system model, a river basin is firstly divided into several sub-basins,
River chann¢ls connecting the subbasins are set up together with computauon pomts and the
computation point is demgnated to be located at:

(1) the Junétion of mainstream with major tributaries;

{2) the exlstmg streamﬂow gagmg station; _ :

(3) the nver section boundmg catchments with dlfferent runoff charactenstlcs and
{4) the ex1snng and proposed nver structure sites.

: 'Subbasm areas of the nine (9) rivers are shown in Table 5.1. The basm divisions mcludmg :
ail basin’ components and tiver system model of the related rivers are shown in Fig. 5.1
to 5.8.

The base point for each river is placed at the following locat:on

City_ - River™ Location_of Basc Point - Catchment
- T o ' L ' Area (km?)
Ilello .~ Jaro . . Confluence with Aganan Rivei 4121
S Tloilo : Confluence with Carahaunan Brook 93.1
Cebu  Bulacao . Barangay Bulacao 10.7
: - : (500 mupstream of Rizal Ave.) - T
Kinalumsan - Confluence with Linao River : , . 178
‘Guadalupe = .Barangay Guadalupe =~ - 16.3
o © (500 m upstream of M. Velez Br) T
- Lahug " Camputhaw Br. _ 63
: - Subang Daku St. Lucia Subdivision - L o126
- Ormoc. ~ Anilao 4 kmupstream of estuary o
. "Malbasag 2 km upstream of estuary 11.1

S 2. Methodo!ogy

Umt Hydrograph Method is employed for the ﬂood runoff computauon m the study area on
accoum of the followmg reasons .

(1) - The river basms in the Master" Plan area .are generally small, althUUgh the
" basins aie to be divided into several subbasins with an area of a few square
: kllometers due to thelr land use condmons :

() .- No hydrolog:cal station is prov1ded hence, there is. hardly any flood records
~+ . for runoff computatmn by other runoff models requmng many parameters.

" (3) " Flood hydrograph is required to study some altematwes of flood control plans
T suchasdams, retardmg basin, etc. : o _



Therefore the nver runoff computanon has been camed out by the unit hydrograph denved. e
- from Nakayasu’s Synthet:c Unit Hydmgraph Method, while flood routing alohg the Jaro and
" lloilo rivers has been calculated by the storage- function method, because these rivers are
. relatrvely w1der and longer resultmg in eﬂ'ects of channel storage and retardmg

| : (;) ;_;_‘.:;Nakayasu sUnlI Hydrograph

,Valuw of the unit’ hydrograph are dlvrded mto three mtegones by its s.hape These

“are the maximum’ discharge (Q,..., ) drscharge at the time of rising: limb ©QJ and ¢

" "discharge of falling limb (Q‘ ) ’I‘he dlscharge at each category lS w.lculated by the A

: followmg formula Tl ; _ e R ‘

Qe m i ARJOITAT,)

... Discharge for rising unit hydrograph: .

Dzscharge for faliilfu'r unit h_zdrag_ rag'h“'_:_ ey

12 Q 203 2o 03“")/fus.'. B
. 032 Q 2 032 Qd 03(‘-7i*(157o:)/’-5753 _

—»

el 9 Q3U-RRRY2Ty
| _Q...,. 0

where,

Omax : -maximum dlscharge of unit hydrograph (m’ /s)
Q. Q¢ : discharge at the time of rising and falhng iunb of umt S '
L hydrograph (m’s) . N e A
A E : 'catchmentarea(km) g R [ S : . o y
R, ¢ unitrainfall (mm) SR
T, timefrom stan of runoff to mammum dlscharge S
T T,-t,+08u L . B

where:




L .To. expr&s the nonlmear type charactenstxcs of runoff phenomena the storage.; .
 function method can give the process of transformation from rainfall to runoff on the

. Le=15km i t;=021L%7
CI>15km 1oty = 0.440, 058L
r : duration of unit rainfall to be used
Ty; :  time required until the discharge recesses to 0.3 times

the maximum discharge; Tos = O.47_(A-L)°_25

Storage Funcnon

assumption that there is a one-to-one functional: relation between the volume of -

_storage and runoff. Calculat:ons of runoff from rainfall arc made through the use of
" voliime of storage as the medium function. Through-the use of this method, a -

relationship can be established between the volume of storage (S) of a basin or river

N 'char_mel and drs_charge (Q) from it. 'I‘hls reia_non_shrp is expressed as:

31 = K Q, - (K, P constant)

K Flood routmg in the river channel is- performed by the combination of th:s equalron_
of motron with the followmg equation of contmmty

d.S' <
" ZﬁlJQ;
=
where;
b R Inﬂow £rom the upstream end of a river course to the river
P s channel being considered (m /s) ' -
SO Inflow coefficient

- Qy()=0(1+T,y :  Discharge at’ the downstream end of basin under  the "
' - consideration of lag time (m /s) SR

Sy | = Apparent volume of storage of river channel
T, . : Lagtime: Ty=736¢10L1¢?
L~ - .t Length of watercourse (km}
| S : Average bed sl_ope of river 'channel_

There is a retardmg channel located m the rnlddle stream of Jaro-Tigum River.

- ~Although a simple analysis was made to estimate the retarding effect of the channel
. during the Master Plan Study in 1993, some mathematical analysis was carried out -
~.on the basrs of the topographrcal map wrth a scale of 1/10 000 prepared by JICA in
1994 S S

; .'I‘he topographrc map shows that the lower to mxddle reaches of T:gum River forms a
* ‘wide river terrace with a braided pattem for approximately 10 km, and this is known
““as a retarding channel,” The location and inundation area are presented in Fig. 5.9,

" °. . where the mundatlon area 1s delmeated by the ﬂood flowwg sectnon wrth a dnscharge _ "

i "’;ofl 000 m/s.

_’I‘he cross—sectrons of nver chaxmel and mundatlon area are shown in’ F1g 5. 10 The -
_ non-uniform analysis and the aforementioned storage function model were apphed to

estimate the retarding/storage. effect on floods. ‘The effect is expressed in the storage

o “function’s parameter such as K and p in the above equation. The relation.is . -




_ eompu!ed as shown in an 511 Applymg the paxameters to thxs model ﬂood
dlscharge is rctarded wnh lts peak discharge by about 60%

53 Euective Rainfall G L
Effectwe ralnfall is- estlmated on. account of saturatlon ramfall and" prunary runoff mte .
Considering the geological conditions of the study area, saturation rainfall is taken at 100 mm : o
_for: Iloilo; Cebu: and' ‘Tacloban, and 300 mm’ for Ormoc. Furthermore ‘saturation rainfall of o ‘

- the loilo river basin is’ estimated hlgher by 50 mm than the Jaro river basm smee the Ilonlo :
river basm mostly oonsnsts of paddy fields where ramfall is stored more. L

' "I‘he prnnary mnoff rate employed 1s generally 0 5 whlle 1t ns 0 8 m Cebu on account of the- 7
_lughlyurbamzedlanduse y T PR : :

Cntywaer o e lloilo Cebu i Ormoc _. .'Taeloba-n

Condition _ o L
Geology = .- ... Nom- - Non- ~  Quatermary - -~ Non-
... .. Quatemary ; Quaternary . Quaternary .
CPrimary Runoff UL
‘Rate . . 05 T 08 0 T oS
_Saturahon Ramfall S _ S A
' 100 mm* 100mm - 300mm . . 100 mm

* 150mm for llonlo rwer basm '

5.4 LagTime ofChannel Flow -

'Vanous empmcal formulas have been proposed for the est:matlon of lag time of channel . |
flow. The Kraven formula, the simplest among them, is -adopted for this Study: The Kraven
formula is expressed as follows, and the resu]ts of calculanon are shoWn in Table 5 yA

Te=LW
where;
! p slopeIOfwa:terooﬁrse o
W+ flood runoff velocity (m/s)
L 1 length of watercourse (km)
T w1 1i00-1200 T w1200
w o 35 m/s D .3.0_m/s ) A m/;l"

'55 * Probable Flood Dischange -

Probable flood dnscharges of the rivers are computed for 2 5, 10 20 50 and 100-yeax retum '
penods The probable dlscharges at reSpecnve base pomts are gwen below :




R LRI (Unit: m’s)
City - River ~  ~ 2-yr  5-yr ~ 10-yr  20-yr - 50-yr 100-yr

C Moilo  Jaro. . 360 - 493 696 966 1,391 . 1,765
. Tigum* .. . 146 . 204 293 415 . 616 . M .
Aganan® . . 214 289, 403 - 551 775 . . (968
Doilo - .-, 190 255 . . 314 390 . 584 T4 .
) Mandurriao* =~ 36 - 45 54 63 91 119
. Cebu  Bulscao® - - - 110 140 - 164 - 187 = 214 236 -
" Kinalumsan .~ . 109 ...140 . 162 . 185 . 213 - 235
“Guadalupe - 118 153 177 - 202 - 233 257
‘Lahug 63 80 93" 106 - 121 134
.~ . - Subang Daku 107 138 160 181 - 209 . 229
‘Omoc  Anilas 247 313 362 - 453 603 719
- "'Malbasag 129 162 195 250 -328- 387

“The specific dlscharges of 5{}—year retum penod are aJso estnmated as below for comparison
with those of other river basins, while the flood discharges are estimated by rounding the
. computed probable discharges.

City Name - River Name Basm Area Peak Specific
B T (km) sl Discharge = Dlscharge o
S : : L (m*/s) - Lrn /s/kin )

Hoilo  ~ Jaro . 412 1,400 .34
1 Tigum* 1213.3 600 2.8
Aganan* 1988 800 4.0

Iloilo - - _ - 931 . 600 64
R ‘Mandurriao* 99 100 10.1
Cebu Bulacao - S 107 220 20.6
: " Kinalumsan -~ = = - 17.8 240 13.5
- -Guadalupe : ' 163 260 . 160
Lahug : 63 - 140 _ 22.2
: Subang Daku 12.6 ' 230 183
Omoc ~  Anilao . 252 : 610 242
' Malbasag 11.1 330 - 29.7

_ * Tnbutarles of the obJect rivers.

- The specnﬁc dxscharges are. compared with those eshmated for other river basins, as shown in
Fig. 5.12. The computed flood discharge is within the range of flood discharge for rivers in
. the Pl'uhpplnes Therefore, the method and parameters employed in the computation are

' justiﬁed for rivers in the study area. ' : ' '

| 5. '6 Probahle Discharge for Dramage Area

Probable ﬂood d:scharge for the urban dramage area is computed using the Rauonal Formuia :
: Maxunum flood dlscharges are g:ven by Lhe followmg formula:

" Qp = 02778fr A
where;

- Op 'ina:_(imu_m _ﬂood_diséhargé (mals) :



S B runoff coeff' clent
217 R+ rainfall intensity thhm the tune of ﬂood conoentrauon (mm/hr)
A mlchmentarea(lon) i e R

: Due to scarclty of ﬂood dlscimtge data and the conespondmg ramfall records dunng ﬂoods N

_.the runoff coefficient is determined dependmg on the land use conditions’ from the table, 3
: below Peak dnscharges of dramage areds in the four c1t|es are shown in ’I‘able S 3

LandUsemeerBasm' R -Rundﬁdeeﬂ‘icicﬁt‘

- Urban Area-1 (Low: Density, Res:dentlal) TR L o 20500
Urban Area-2 (Middle Density, Residential) - . S : 0,65
Urban Area-3 (High Density, Resndent:al) i 080

‘Mountain and Hill of Tertiary - - B 070 -0.80
Rollmg Land and Forest ~ .~ .. - B o 0.50 0.75

" Basinwith Around Half of FlatLand ~~ = © . 00 05010795

' Source Nahonwnde Flood Control Plan and Rwer Dredgmg Program (DPWH 1982)__: e

5.7 Design Hydrograph

Desngn hydrograph at the base pomts in the related rivers are shown in Flgs 5 13 to S 15 ': o

The probable - ﬂood dlscharge is estlmated for the base pomt of each river, as. shown m.
Figs. 516!0518 U o ‘

HY:22



6. 'RUNOFF SIMULATION WITH NEW HYDROLOGICAL STATIONS.

61 Data Collection

- Data of New szrolggical §tatmn :

Six (6) new automatic hydrologrcal statlons were installed in the Study Area of the Master:
Plan by the JICA Study Team in June, 1993. Additional hydrological data, which were
- recorded in Iloilo, Cebu and Ormoc Cities from June 1993 to April 1994, were also collected
and processed to verify and examine the ﬂood runoff model and parameters employed in the .
Master Plau Study ' : -

Names of the statlons and thenr observation periods are given in “Table 6.1.. Data recording int
the stations have not been sansfactonly made due to madequate maintenance. Rainfall was -
mostly 1 tecorded during the rainy season in 1993, Thedally rainfall records of these stations
are shown in Table 6.2.  Water levels at flood time were observed only at the Colon Bridge
Water Level Gaugmg Station in Cebu City. The daily maximum water level record is shown
in Table 6.3. Those in Hoilo and Ormoc were elther suspended or problernanc resultmg in. no
_ avanlable data on ﬂood L

Data of Existing demlogical Statlon R : N

Rainfall data of the exxstmg statlons under elther PAGASA, USC-WRC or PNOC-EDC were
also collected to support the hydrolog:cal analy31s Only daily rainfall data were obtained at_
two (2) stations in Hoilo, four (4) stations in and around Ormoc/Tacloban, and 15 stations in
Cebu.’ Then' recordmg mndltmns ar¢ also presented in Table 6.1. '

' Flood Events

n 1993, a total of 32 typhoons h’OplCal depressmns or tropical storms passed the Phnllppme
* Area of Responsnblhty .Out of them 8 typhoonftropncal storms ; had affected the Vtsayas
: Regmn, as gwen in TableG4 o

Q1 ) llonlo Clty

Dally rainfall exceedmg 100 mm observed at either Santa Batbara Statlon 110110
Alrport Statnon or Cabatuan Station are given as below: -

T S P D LR T A U S '-(_Uxiit: mm/day)
_JtemNo. ~  Date Sta.Barbara - " lloilo Airpoit - * Cabatuan.- - Remarks

1 ... 93/08/08 . 540 - . .16L2. .. . 147 = T.Openg
S 2. .00.93/0821 1000 51.2 26.7 - T.S.Saling -
3¢ T 03/08/22- ¢ 820 0 428 0 358 T.S.Saling
49312107 13400 v 502 7 795  T.Monang
ST 93/12/26 ma., 1325 . ©116.6 * T.Puring

6 _94/04/04 - . 1170 890 - 746 . T.SBising

Note T Typhoon . TS Tmplcal storm - na. =hot available‘

Al storm ramfalls tugher than. 100 mm were mﬂuenced by typhoons or tropical |

storms. The maximum . daily ‘rainfall recorded during the observation period was o

- +134.0 mm on December 7.at Sta. Barbara; 161;2 mm on August 8 at lloilo Airport,
“and '116.6 mm.on. December 26 at Cabatuan,  The comparison of daily rainfails
.~ among the three (3) stations show that storm rainfalls are correlated especnally those
o _caused by typhoons asshown in Flg 6. 1 '



_'I'he water level record at the Jaro Bridge Gaugrng Statron has not been avariable'

" since June 15, 1993 due to heavy siltation inside the stilling ‘well. The maximum .

. water level durmg the observation period oocurred on July'9, 1993 in T.S; Huling,

. DPWH VI Regional Office reported that thé maximum flood after the installation of . :

- the water gauge occurred from December 26 to 29, 1993 durmg T. Punng when the_: o

water level rose almost to the floor level of the sratron house

- Dally ramfall exoeedmg 100 mm observed at the lhree (3) ram.fa]l statrons, Bagong, o

E .;"V'ZMenda and PNOC EDC are grven beiow S

(Urnt mm/day)

Ttem No. Date Bagong Menda PNOC-EDC Remarks

220 00~ vt R L R =

_--.'.*'_'93f08/‘21;"; ,.,1190._ T 6LS 181 - .;_‘_7.;TSSalmg ;
7 93/08/22 . 162.0¢ 664 1650" ' T.S.Saling *
S 93/09/30° 7 - 14000 " U600 45 TKadiang =
,"93/11/20';__‘ - 2870 ’.?'_'-"82,0".'_" 260‘”“ - .TSLuring '

CU93/12/200 0 100 .30 0 10000
oo93/12/22 . 1470 140 TS5 TPunngi: .
CUeyl223 2000 0 1820 - 1179 TPuringt
931224 75600 52 700 1065 - T.Puring

3)

et ﬂ"n.’a.."‘ - 80 e ”3375.15’ ‘ TPurmg' '

These storm Tains were also caused by either tr0p1cal storms or typhoons The - -

maximum daily rainfall recorded. durmg the observation penod was 287 mm on . -

“ November 20 at Bagong, 82.0 mm on November 20 at Menda and 375 5 mm on_"' '

' "December 27 at PNOC-EDC

Conelatron of daily ramfall has been examrned for the three statrons as drawn m
Fig. 6.2. The rainfall at Bagong Station in Anilao river basin is hardly ‘correlated to - -

the two. other stations, Merida and PNOC-EDC. Therefore, it is evaluated that storm RN
'ralnfall area is small, covering a radlus of less than 5 km. '

It seems that the water level records at Anilao Bridge Gaugmg Statlon are not

- accurate due to the excavation works at the riverbed. This farlure in observatron or
- tecording may. be due to the followmg fac:ts : -

- (a) Sand and gravel closed the 1ntake pipe of the statlon smce June 19 1993

(b) The rise in water level was observed to be only 30 cm, dunng T. S. SaImg on
-August 23, 1993, although a flash flood was réported on the same day and
rainfall of more than 250 mm was. observed for two (2) oonsecuhve days at
Bagong Rainfall Stanon e

(c) No water level change was observed when 287 rnm of ramfa!l was recorded ati-'-; =

* 'The daily ramfa]l exceedmg 100 mm observed at erther Guadalupe E C Mactan or' S
TaJamban ramfall statrons are gwen below ‘ . :

: Bagong Rainfall Statlon on November 20, 1993
Cebu City _ ‘ ' '

CHY =240

- 93/12/15 1240 170 - 189 _ "“-_TDOnmg_'




. ST ' . L @nit: mm/day) -
Mem No.  Date . Guadalupe . 'Maclan @ Talamban . Remarks

Sl 93/09/08 - 1250 98 150 T.Walding
2 93/12/05 . i 2330 - 300 - . 1250 .- T.Monang
o3 0.9312726° . . 1620 - 1050 - 780  T.Puring
'“4’“1 ' '9&/01’731' 1390 _69.4 L 6’0.0 ' |

- 'nrese storm rams were mostly caused by typhoons The maximum darly ramfa.lls
- recorded during the observation period were 233.0 mm on December S at Guadalupe,
105.0mm'on December 26 at Mactan and 125.0 mm on December 5 at Talamban.

.‘The darly ramfalls of the three (3) statrons were c0mpared to examine the correlanon :I_ '

| _: _as shown in Fig, 6.3, The storm rainfall is heavier at the Guadalupe E.S. station with -
- less correlatlon than those of the two (2) other statlons

~ The maxrmum water level .during the observatxon penod at the Colon Bndge water
level gauging station was recorded on December 5, 1993. This water level was -
: mﬁuenced by T Monang and the runoff peak was supposed te be about 180 m *sec.

62 'Fluod Runoﬂ'

_ Due to inadequate observatlonjrecordmg at the newly mstalled hydrological stations,.
pamcularly, the water level stations in Iloilo and Ormoc; verification of the runoff model and
- its parameter was carried out only for Guadalupe River in Cebu City.

Rainfall Analxsr

_ Storm rains are mostly caused by typhoons, tropical depressions or troprcal storms. Area
_distribution of daily rainfall was examined by drawmg ischyetal maps for the four (4) storm_
rainfalls, as presented in Fig. 6.4.

’I'he_ rainfall center is usually located in the northern mountain area, at the Tabunan Station, or
the Guadalupe E.S, Station,” The rainfall area is small and isolated, aithough the storm rains
were caused by typhoons Ramfal] in the study area is characterrzed by their spotty and smal
rainfall area.

The daily ramfall of 2330mm at the Guadalupe E.S. Station is evaluated by statnstrcal

" . analysis to be ‘that of a 30-year return period. However, the flood discharge of 175 m s

‘observed at the Colon Bridge on- Guadalupe River is estimated to be a d:scharge of 15-year
retum period. Therefore, two factors for rainfall analysis, namely conversion of point ramfall
and adjustment of ramfall by altitude, were examined using the observatron data.

As drscussed in Section 4.3, the-conversion factor (P/Po) is estrmated at 0.6 50 as to adjust

- the computed peak discharge to that of the observed; while it is estimated at 0.84 by usmg the

formula Therefore, the conversion factor is further reduced by about 70%.

The adjustment of ralnfall by altitude is examined with the observed rainfall at the Guadalupe |

- E.S. Station for the total rainfall from June 1993 to February 1994, The relation between the
rainfall amount for 9 months and the elevation of stations is given in Fig. 6.5. ‘The rainfall at
. Guadalupe E.S. Station is extreme]y high compared 10 the other stations. Therefore, the

. adjustrmient coefﬁcrent for rainfall in altltude is not apphed in the followmg runof:f analysis.

o Ruuoff Analxsi

The runoff calculanon is executed based on data from the new hydrologrcal stations installed - |
L in Cebu- City, where ‘both ramfall and water level data in the ramy season of 1993 were'
R ,‘ksansfactonly obtamed : . _




('1)' i -Ratmg Curve at Water Level Statwn : :
L '-k-'-?-"_'Ratmg curve is established by means of the- Maruung s forrnula based on the nver -
i -rsurvey of Guada]upe Rrver as presented in Fig. 6. 6 : .

| ) '_ Runoﬂ" Calculanon by Nakayasu s Unrt }-Iydrograph Method

o The runoff wlculatlon is conducted for two Dbserved floods, medmm and large scale
. cases by Nakayasu’s Unit Hydrograph Method. The calculation of the mean rainfall -
. of sub-basin area is made usmg the area conversion factor of 0.6 and the altitude
“+adjustment coefficient of 1.0, The same miethod used in the Master Plan Study is
f“’ffemploycd for the effective ramfall caicu!atron A S '

Flood drscharges are esnmated for the foilowmg two ﬂoods 'I'he computatron shows a.lmost
- the same results as the obsetrvations, as'shown in’ Figs. 6.7 and 6.8.. It is’ corisidered that
Nakayasu s Unit Hydrograph MethOd and 1ts parameter are appropnate m the mnoff model

CaseA i "DecemberS 1993
7 (Maximum flood durmg observatron penod
" : T Monang) B
 CaseB : - August 4,1993
CenoTn T (Medium scale ﬂood dunng observatlon penod
T Openg)

CCHYS267




7 FLOOD INUNDATION

Itis neceM'b identify the inudd_at_ion .'con'dition'i.n order to plan and provide an effective
_ co'ritrdl_ measure and t.o estimate the I_:eneﬁ_t which may accrue ﬁdm the flood control project.
7.1 o Fl'ood lnu.'nda,l-io'n Mod:el . |

_ .Flood Inundation Model

Generally, inundation by floods is classifi ed into two (2) types, the storage type and the flow
or diffusion type. Flood inundation analysis is made by either the Two-Dimensional
_ Unsteady Flow Model, the Mushkmgum Model the Slmphf ied Unsteady Model or some
~ other models.

From the inundation conditions on record, ﬂood dnscharge beyond the river channel flow
capacity widely sPread over the low land

“To express the hydraulic - condition, the Two Dnmensmnal Unsteady Flow Model was

- employed under the followmg c0nd1t10ns -

(1_) The whole flood- -prone area is dwlded into mesh blocks of 250 m by 250 m,

*(2)  The average ground height of each mesh is obtained usmg the Iopographnc map
o with the scale of 1/10,000 prepared in this Study. e

3) ~ Structures Such as roads and railways which may hamper the smooth flow of
inundation water are taken into consnderatlon assummg them as weirs between
the mésh blocks.

(4) ~ Flood discharge overiop at pomts with low flow capacxty and spread over the
- inundation area.

Basic Eq uations _
. The basxc equahons apphed to the model are derived from the followmg equanons

(1) - Euler's Equanon of Motlon

w o ow ou . 10P
C—tU— YV —dw—=X - ——
ot x dy oz - paX
¥ v gy v . 1aP
— tU— YV — W — =Y - ——
ot ox ~dy: oz~ paY
ow gw  ow - 19P
— +tU—FV—tW—=F - ——
a ox  dy o p oz
whére, o R SRR o R
u,v,w 1 velocity of x,y and z directions
X, Y,Z - : pgravity ofx y and z directions
p - - .t waterdensity (=1.0)
P ;. pressure -



(@) EquationofConfinuity . ... .. o ..

For actua! apphcat:on tn the two-dnmensronal modcl the above expressnoas are expressed as a
foliows :

'__(') EquatlonofMotlon e

1 aQ QxB aH 3H iQ [Q 0 s
o eAg ot A o Tar F= S
Y aQ Q,B,aH 6H -0'
g, @ A Ty .Ff_ s
R -—R%A i

B ¥
F,-1 Lgia,

(2)  Equation of Continuity

o(Bk) 30, 90,
a @ oy

Where, '
0. 0, 1 discharge of xandy dlrectmns
Ay A, current area of x and ¥ ddnrectlons .
B, B, width of x and y directions :
- Ry R, : hydraulic depth ¢ of xand y dlrectlons
g  gravity acceleration (9.8 m/s )
.n Manning s roughness ooeff' c1ent
H water level
h water depth

The above equations are ﬁnally transfon'ned into f' mte dlfference for numencal computahon -
as follows: Lo




(1)  Finite Differenée Form of EQuatiOn of Motion

| e Ql,] ) . . ) . o
- Ay_ BRYIRRTErYs
QIJ _( 2 ) HIJ%._HI-J% + _
. R ‘ Cme 2 ) - .
% & o 8_'(“‘”}5) _ “
H::}}f "H:;}J;. -0
Ax ' A z
. ' 1 }/ n-}é
n| Ay,

(2)-  Finite Differencé Form of Equation of Continuity

(B, - (B) ::;2 -0; ;;, Q:;i%/ —Q,f %
At : Ax : ._ oAy

where,

o suffix [, J : mesh number of xandy dlrectmns
O suffixn o computatwe tlme step number o

_ Initial Conditmn for. Comgutation

- The maximum mundation depth and the mundatlon area are exammed under the probable
flood discharge of 2-year, S-year, 10- -year, 20-year, 50-year and 100-year return period, As
the initial condition for computation, it is necessary to give the overflow discharge to the

_inundation area and the overflow section, Under this consideration, the following 1mt1al
coudmons are taken into account

(1) - The overﬂow sections are selected ‘where the flow capacny is very, poor
: compared with the adjacent stretches.

2y It IS assumed that in the probable flood hydrograph the surplus daschargc over
the flow capacity overflows at the overflow section. The overflow discharge at
the overflow section is given by the surplus discharge over the flow capacity in
the flood hydrograph after subtractmg the overﬂow discharge at the overﬂow_
sectlon

(3)  On account of the topography of the Anilao and Malbasag rivers which flow
: closely in parallel on the mountain slope, flood occurrence on both rivers are
considered coincident. ‘Therefore, flood inundation analysis i is made presummg

. that the two rivers overﬂow at the same time.



' "Stormwatér Innoﬂitioo '

Ly

'-.Basxc Equatlons are.

e

_ Inundahon Model _ . o -
- The stormwater mundatlon along the pnmary draumge channel is anaiyzed by means © -

of non-uniform. flow computation  for each cross-section of the channel. ' The
inundation area for each chanriel i is delmeatcd by envelopmg the mundauon width at

"~ each cross-sectlon

Q] -Al 'V _
Q =4V,
_ wherg; - o : . : _
B PEENE dnfference in hydraul:c energy betwecn section 1 and 2 '
- HyHy -1 -water level at section1 and 2 : S
Ay, Ay . : flow area at section 1 and 2 -
0,0, dlscharge at section 1 and 2
~ V, V2. i flow velocity at section land2
g B gravnty accelerauon (9 8 m/sz)

Here, 1t is assumed that sectmn 1 lS Lhe edge of mundat:on area and secnon 2is the E

 channel bank of overﬂow The boundary condmons may be defi ned as follows

Ay =Hy Ay= Hyand Vy, Hy= 0

" therefore, -
_ 2 '
b, «H, + 21 el L : ] Arr'H2+—§~*
- g HE | g
o IHE R
- gng

‘where, Ax is the distance from the channel ba.nk to the iouoda_ﬁi_o:n odgo,_




722  Ioundation Aalysis
Veriﬁcatwn of Flood lnundation Model

The flood caused in Ormoc City on November 5 1991 is selected for verification of the flood
inundation model, ‘The flood-prone area of Ormoc is dmded into mesh blocks of 125 m by
125 m because of its comparatwely small size.

1) '_Flood Hydrqgraph

As reported for the November 1991 fiood, the flood dlscharge was ‘dammed up by
_dnftwood and debris stagnating 500 m upstream of the Anilac Bridge, and the
temporary. dam was breached by flood overflow resulting in the formation of a
hydraulic bore. A simple computation of flood run-off shows that the peak ﬂood
discharges of Anilao and Malbasag rivers were 600-800 m*/s and 250-350 m’/s,
respectively. “Herice, the flood hydrograph of the objective flood for Anilao Rwer is
estimated by the dam breach equation below.

_Q() 0, (1- ,T) |

T-3 éJI/\I/ngD

where,

Hy 1 maximum water depth (5.0 m)
gravity accelération (9.8 m/s ) '
reservoir emptying time (s) -
reservoir width (100 m)
reservoir length (550 m)

dam breach width (40 m)

oty N

Fig. 7.1 shows the estimated flood hydrograph for Anilao River with 'a peak
discharge of 762 m3/s. The probable flood hydrograph of a 50-year return period is
adapted for Malbasag River

@) Comput'ation Results

The adequacy of this model is justified from the fact that the flood water depth and
the flood area are similar compared with the sunulanon results of the flood interview
survey by, as shown in Fig. 7.2.

“Results of !nundation Ana]ys: o

The maximum inundation -areas and depths of a 50-year return period flood in each river
expressed both i in pattems and figures are shown in an 7 3t07.5.







ANNEX: FLOOD INILQILO ON JULY 29, 1994

A.l Flood Runoff

lloilo Clty had sufferred from wndeSpread ﬂoodmg on Juiy 29 to August 1, 1994 caused by.
unusual heavy monsoon rains. A big amount of rainfall (319.5 mm/day) was recorded at the

PAGASA Station near the Hoilo Airport on July 29 (9:00 a.m. of July 29 to 8:00 am. of

July 30, 1994). The héavy rain lasted for three days from July 26 with a 3-day total rainfall

of 715.2 mm, as shown in Fig. A.1. Other than the lloilo Airport Station, two (2) other
rainfall stations in the Jaro river basin, namely ARIS (Aganan River lmrigation System)
Damsite and Cabatuan, had recorded daily rainfall during the flood as summarized below:

(Unit: mm/day)
Station July 26 July 27 July 28 July 29 July 30 - Total

Hoilo 365 504 118.3 3195 1906 715.2
ARIS 341 182 25.5 3081 2590 644.9

. Cabatuan 148 95 115 902 617 1877

Heavy rains concentrated in the downstream area of Aganan River and lloilo City. The
hourly distribution was recorded at only the Iloilo Station, therefore, the runoff simulation is
carried out assuming the same houry distribution of rain for both ARIS and Cabatuan as
shown in Table A1, . < - ' '

The flood runoff cb'mpﬁt_ation for 11:00 p.m. of July 29 to 9:00 a.m. of July 31 is made with
the same model and parameters as discussed in Section 5: FLOOD RUNOFF ANALYSIS,
while the saturation rainfall is given 0 mm due to the antecedent rainfall from July 26. -

The peak flood dlscharge is computed to be 1,470 m%s at the downstream of Jaro' River,
980 m’/s for Aganan River and 480 m %/s for Tigum River, and their flood hydrographs are
shown in Fig. A2, The estimated flood discharge is evaluated to correSpond to that of a
50-year return period. -

A.2  Flood Condition

Flood Inundation

Due to the big discharge, the flood overflowed Aganan River and Tigum River. The
overflow point was at the right bank of Aganan River in Barangay Amparo and Pavia.
Firstly, the floodwater came from the lower stream of Aganan River. The floodwater
. cascaded down the south resulting in the backwater effect at the left bank of Tigum River
- located 750 m north from the confluence point with Aganan River.

This massive stream of floodwatesr brought flooding to Mandurriao, the southwest area of
Jaro and the city proper of loilo. Under this unpredictable circumstance, 80% of Hoilo City
area had been submerged with the destruction of infrastructures and human activities for two
days/nights, especially in low-lying areas.

The height of the floodwater recorded in Iloilo Province was about 0.5 m on average while
2.0 m was recorded at some observation points.

. Many of the affected families are from Jaro District in lloile City and Oton in Iloilo Province.
Thg number of affected famili_e_.s were 4,873 and 5,648, respectively. Consequently, more



o .than two-thlrds of the msuaitr% and hous&c destroyed were reported lo have occurred in those
' .plam : : ,

' Hood Damgg

o . Damage to agncuitural products palay (mcludmg stocks) occupy more than 72% of lhe total :

. -damage in both Hoilo-City and lloilo Provmce Remarkably, 97% of all palay darnage were_"'_
_m llorlo Provmce On the other hand ‘72% of all ﬁshpond damages were in Hoilo Cﬂy '

Fmally, although there are some: rmssmg data 77% of all nanonal road damages were in the RN
Tloilo Province whxle darnagc to ﬂood control and dramage facxlmes were reported to be only.r o
__mllotloCrty D : . SR :

As of August 3 the damage reponed dunng the ﬂoodmg are as follows

i-(1)"fiAffected Fammes e 249370
(@) Total/partlal destructmn of houses Lo T,299 0
, (b) -Casualties; S
; - lﬂl'ﬂﬁ'd BT R 0 10
@ -"'_Agncultural Products (in pesos) o R R
(@) Palay. 5 i 3067968
SRR L_nv_estock S e e T G133220 0
9 Fishponds oo T oeomages o
S ©® Com . Ci 1241004
g @y FruitTrees: . . . of 610000 .
o) Palay (Stock) _ S - o E 5,250&,009';__ S
(3 lnfrastmctures(m pesos) : ; . G N g
. (@) - NationalRoads . . . i 614000000
S o) v Flood Control ¢ . S 0 5000000
(d) - Drainage lines =~ T o 600,000 - o

Total Damage (in pesos) - ' o IS13777.




| _.'I‘ahlé Al Hourly Distribution of Rainfall

Date Hour = Tloilo

‘Aganan RIS Cabatuan

No Airport Damsite
- (PAGASA) - (PAGASA)
1. 729 2 0.6 0.1 0.1
2 -3 142 31 14
3 4 16.6- 36 16
4 5 - 40.3 8.7 39
5 6 - 9.5 2.0 0.9
6 7 0.0 - 0.0 0.0
7 8 24 - 05 0.2
8 9 13,0 12.8 3.7
9 10 163 15.7 46
10 11 . 50.0 482 14.1
11 12 47.8 46.1 135
12 13 . 8.7 84 2.5
13 14 . 22 2l 0.6
14 15 09 0.9 0.3
15 16 0.0 0.0 0.0
16 17 0.9 09 0.3
17 18 0.0 - 00 0.0
819 0.0 0.0 0.0
19 220 .0.0 0.0 0.0
20 - S22 0.0 0.0 0.0
21 - Lz 0.0 0.0 0.0
2 23 7.7 7.4 2.2
23 24 0.0 0.0 0.0
24 730 1 0.5 0.5 0.1
25 2 54 52 1.5
26 3 175 16,9 4.9
ria 4 . 295 ‘284 " 83
28 5 23.5 227 6.6
29 6 257 248 73
30 7 426 41.1 12.0
3l 8 273 26.3 1.7
32 9 87 118 28
33 10 -10.9 14.8 35
M 1l 20.6 28.0 6.7
35 - 12 - 282 383 9.1
36 13 65.1 885 - 211
37 14 8.7 118 2.8
38 S 15 18.9 257 6.1
39 16 17.8 242 5.8
40 17 11.1. . 151 3.6
4] 18 0.6 0.8 0.2
42 19 00, .. 00 0.0
Total 3937 . 585.1 160.0
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Hydrograph of Jam River on July 30 1994 Flood -
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