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1.1

Meteorological Condition:

General

There are the foilowing bodies concerned in the hcfeorological

observation in the basin including the surrounding area.

(x)

()

{¢)

()

PAGASA {Philippine Atmospheric, Geophysical and Astronominal

Services Administration) .

There are three PAGASA observatofies (i.e., RoXaslcity, Fbiec,and
Astorga} in the basin and about 13 observatories in the outside
of the basin but in Panay island. The observatory at Roxas City
is classified as SYNOP (Synoptic).stétion where observation of
almost all'meteorological elémeﬁts are made at‘fixed observatioﬁ

time and are transmitted to the eentral office in Manila.

The other two station at Matec and Astorga are classified as
AGRO (Agro—metebrolqgical) stations which gather and provide on
a routine basis simultaneous meteorological and biological infor-

mation.

NIA (National Irrigation Administration)

There is one project office of NIA in the basin, i.e., Manbusao
irrigation syétem which has three raingage stations in the project
area} But; there is a proposéd'irrigation projéct.at Asue (sara)
which is locateéd in the outside area neighboring.oﬁ eastern
boundary of the basin and observes not only rainfall But.also

evaporation.

NPC (National Powér COrporatipn)

NPC has one rainfall gaging station at Aglinab, Tapaz. ‘But, it
is informed that the observation was suspended in April 1985.
PHILSUMA (Philippine Sugar Marketing Arms)

PHILSUMA (PHILSUCOM changed the name on May 18, 1985) has onc

sugar mill in the basin, i.e., Asturias mill which has 3 rainfall

- gaging stations in the vieinity of the mill, The rainfall data

are also available from Pilar mill of which rainfall gages are

located in the outlskirt area of northeasterﬁ boundary of the basin,.
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(E) }ﬁﬂﬂi {Ministry of Public Works and Highways)

MOWH is generally not in chalge of the meteorological observation.
But thev sometxmes estab11sh the obselvatorles and keep observa-
tlon for a Project 1f necessary For the Panay river study,

MPWH establlshed 4 rainfall gaging stations in acc01dnnce with

the request from JICA study team.

In the ellmate class1f1cat10n commanly used by PAGASA the cllmate
of Panay river basin is generally elassified as Type IIT among four
types, except that of the western mountainaus area vhich is ¢lassified

as Type 1.

Type I has two pronounced seasons, that is, the wet season from

vy

May to October and the dry season from November to April. On the other
hand, type III has no pronounced season but it is relatively wet from

May to October and dry from November to April.

It is generally true that the Panay river basin has more or less
such climatic characteristic. But, thé actual climate in the basin

cannot be shown exactly by ohly such types of rainfall.

In the following sections, summarized are the principal meteorol-
og1ca1 information in the basin such as data of rainfall, hum1d1ty,

temperature, wind, evaporatlon and typhoon and their characterlstlcs.

1.2 Ralnfall

%Y

1.2.1 Gaglng Stations

In the Panay river basin, 14 rainfall gaglng ‘stations ex1st at
present {(as of the end of December ]984) and another 4 statlons ex1sted
in the past. In addition, theré are some other rainfall gaging stations

located oulside of but c¢lose to Panay river basin.

~ However, the records of above mentioned gaging stations are
generally not sufficient for the detailed fainfall analysis of the basin
due to the short obseérvation period and the lecation of the stations

which are concentrated alwmost in the plain area except some newly

Y
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ostablished stations. The réihfall_dath.during the floods caused by
the typhoon "Openg" in Novembef:1973 and the typhoon "lﬁ'ldahgll in November
1984 seem to be most available ambng all the data for the flood runoff

analysis.

The list of rainfall gaging station is shown in Table I.1-1.
The ‘peried of record at rainfall gaging stations and the location of
rainfall gaging stations in the basin are respectivély shown in Rig.

I.1-1 and Fig. 1. 1-2. In regard to the lecation of ralnfall stqtlons

' located outside of the ba51n, Flg. 1. 1—6 is to be referted

1.2.2 " Records’

The daily rainfall record of the stations listed in Table I.1-1
are collected from the bodies concerned. rThen thé monthly rainfall
redords.ére compiled from the daily records. The only Hoxas City
station has the records of loﬁg_périod (ffom 1949 to presénﬁ) in the
basin. The other stations have the récords of less than 10 years.
The nonthly rainfall records at Roxas City ave representatlvelv shown

in Table T.1-2.

The records’ of monthly mean rainfall as well as yearly maximum
aﬁd yearly minimum rainfall at the gaging stations not only in the
basin but also out51de of th.baSLn (but in Panay island} are summarlzed
in Table I.l- 3. And the monthly mean ralnfall at Roxas Clty is

representatively shown in Pig. 1.1-3.

The hoUrly'rainfﬁll records only for heavy rainfall periods at
Roxas City, Ilbilo, Bﬁlete, Pototan and Libacao are collected at PAGASA
for studying the nourly distribution of neavy rainfall, though the
perieds bbserved_by-aﬁ automatic recorder are comparatively short’™
except those at Roxas City'and Iloilo. - The hourly rainfall records
of more than 30 mm at Roxas Clty from 1972-1979 are shown in Table I.1-4,
The hourly distributions at Roxas City and Iloilo during the flood
period in November 1973 are shown in Fig. 1.1-4 and 1.1-5 respectively.



The daily (2 times a day) rainfali récords at the timeiof the
past too biggest floods, that is,. in November 1973 and in November
1984, at not only the stations in the basin but also at the othor

stations in the island are summarized in Table I.1-5 and I.1-6,

In regafd to the heavy rainfall, the recorded exireme rainfalls
“of 1 day,.é days and 3 days at 15 gaging stations in and around the

basih are summarized in Table I.1-5 to I.1-7.

Addltxonally, the annual maxlmum ralnfalls of 3 days at Roxas City
and at five statlons (Libacao, Balete, Barbaza, Vhldelrama, and Cu1a31)

located outside of the basin are compiled in Table 1.1-10 to I.1-15.

1.2.3 TIsohyetal Map

.Based on the annual mean rainfall at more than 25 gaging stations

in the Panay islénd, the ischyetal ﬁap of Panay island is made as shown

in Fig. 1.146. The isohyetal maps made by PAGASA (for whole.Phiiippines),

NIA (for Panay leand shown in feasibility report on Jalaur river
'mult1~prupose project) and NWRC {for Panay river basin, shown in Prame-
works plan for Panay river basin) are referred for confirming the

reliability of the cstimated distribution of rainfall,

The 1sohyeta1 map of Panay river basin 1s nade by just enlarglng

-the map of Panay 1sland as shown in Fzg. I.1-7.

1.2.4 Peatures

The basin mean annual rainfall is calculated at 2,350 mm based on
the isohyetal map. But the distribution of rainfall in the basin has
a clear ihclinatioh,.that is, an ammual mesn rainfall inclinés from
high in the west toward low in the east. 1In other words, annual rain-
fall is as high as 3,500 mm at the westend are@ But it decreases
- gradually tbrthe east and shows less than 2,000 mm in the south—eastern

aréa of the basin.

In regard to'monthly‘variability of rainfall, there is ne apparent
difference belvecn dry scason and wel season. But, it can be said as

follows.

frah



‘a)

()

(c)

Prom Pebruary to April, it is compavatively dry. The monthly

rainfall in these pefioﬁs is_generally1below 100 i,

From June to November, it is comparatively vet.  The monthiy

rainfall in these periods is generally more than 200 mm.

May, December and January arve the transitiona) peried. The

moﬁthly rainfall is generally betwecen 100 mm and 200 mm,

The rainfall vecords at the time of the past biggest two floods,

shown in Table I.1}-8 and 1.1-9, represent the following.

- (a)

(v}

(c)

Rainfall in November 1973 is very heavy. FPor example, the

3 days rainfall is over 250 mm in thé plain and possibly
over 500 mm in the western mouﬁtain aréa,'thOUgh the rainfall
in the western mountain area is estimated by the reébrds.of

stations located outside of the basin.

Rainfall in November 1984 is not se heavy in comparison
with that iq'19?3., Por example, the 3 days vainfall is abont
100 mm in the'pléin area and less than 300 mm in thé mountanedus

area.

The rainfall period is comparatively short in November 1984,
whiie‘the rainfall in November 1973 continued more than a

week, especially in the mountaneous area.

The annual maximum rainfall recofds of 3 days at 7 stations,

shown in Table T1.1-10 to I.1-10, are sumnarized as follows.

Station . Period No. 1 . No

Heaviest Rainfall (3 days)

2 No, 3

Roxas City 35 years  396.8 mm  372.5 mm  305.5 mn

Libacao 11 years = 427.9 356.1 298.9
Balete 28 years  445.8 344.4 322,13
Barbaza - 27 years 625.1 593.1 554.6
Valderrama 22 years 665.4 . - 450.9 398.7
Culasi 19 years - - 673.1 .. 665.5 : 561,4

Iloilo 30 years 393.4 276.9 274.5



According to Table 1.144,'the=maximuﬁ hourly rainfall in Roxas
Cit& is recorded at 93.1 mm {and the second, 75.7 mm) in 8 years
records of 1972—19?9- - But, it is noticéd that the ﬁaily rainfall is
not always much when hourly rainfall is heavy in the day. For example,
the maximumn hourly rainfall during November 1973 flood is only 29.8 mm
~ but the daily total of the day is much more than the daily tolal of

other days which has heavier hourly rainfall.

1.2.5 Additional Records

Duriﬁg the study in the field“(foice in the Panay river basin},
the study team collected the addltlonal rainfall records besides the
records dllectly used for the analysis., The additional records are the’
new records observed in 1984 at the new rainfall gaglng stations
establlshed by the recommendatlon from JICA team. These new data are
collected for the further study_ln the future and also for the reference

tb the study based on the analysis by the past records before 1984,
. The fo}lowing are the stations of the additional rainfall records.

(a) temery

(b} Jamindan

(c) VWest Villaflores
(a) Tapaz

The locations are shown in Fig. 1.1-2.

The observation was carried out two times a day but in case of
heavy and continuous rainfall it was requested to observe every one

or two hours. The records are to be attached in Data book.

JICA-stﬁdy team requested MPWH (Roxas) to continue the observation
and MPWH agreed to do so for the study of the next stage.

1.3 Temperature

. In the basin, the temperature is recorded at 3 PAGASA stations,
that is, Roxas Cily, Matec and Astorga. Among three stations, the
records at Roxas City station are available for long period of 35 years

but the other two stations have the records of only 3 or 4 years.

9
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‘In Table I.147and PFig. 1.1-8, the records {1971-1983) of air-

témpérature.at Roxas City are suhmafized.=_hécording to the table, the

'teépéféture at Roxas City has the following features.

{a)
(»)

(e)

(@)

THQ
City arve

Amual mean temperature is 27.140C

Monthly variation in a year is not remarkable, -But, it is
relatively high from Hay to June (28 — 28.59C) and relatively

low in January and Rebruary (around 26.000).

Daily variation is as small as 5 - 8°C on ah'averagei That
is, the daily temperature is changed between about 23.5% and

299C in cooler season and about 24°C and 32°C in hotter season,

Any abnormal high and low temperature is not recorded in

Roxas City. The highest is 38.59C and the lovest is 16.5°C.

meteorological records including the air temperature at Iloilo

shown for the reference in Table I.1-18. And additionally,

the meteofologidal data at Roxas City in 1983 (January - December)

are separately compiled in Table I.1-19.

1.4 Humidity -

The

relative humidity in the basin is recorded also at three

PAGASA stations. The mdnthly humidity at Roxas City is shown in
Pable 1.1-17 and Fig. 1.1-9.

The
(a)
(b)

{e)

features of humidity at Moxas City is summarized as follows.
The ahnual mean relative humidity is 80.85%.

Monthly variation is not remarkable. But, it is relatively
high (82-82%) from July to October and relatively low
(77-79%#) from March to May.

The highest humidity is recorded at 100% and the lowest at
58%.



1.5 hvapolat1on

There 15 only one. obserfatOIy for the observatlon of evaporation
in the basin, that is, Matec (PAGASA) station. But, some other observa-

tories for evaporation exist in Panay island.

in Table 1.1-20 to I.1- 22, the monthly evaporation records at
Matec (Hambusao), Agulrle (Sala) and Cato-ogan (Pototan) arée shown.
The daily records at Matec and Aguirre are collected at PAGASA and
NIA in }hﬁila and alé'ccmpiled to monthly records. Bui, there are
not-a-few m1531ng records in the original. Therefore, the revision
of monthly evaporatlon is carried out by 1ncrea51ng the value in

proportion Yo the ratio between the recorded days of the month. But,

it seems that the records at Cato-ogan {Pototan) are more reliable for fE
the study as the observation’ period is as long as 18 years and there
is no doubtful value as far as checking the monthly records, though
the location is outside of the basin. The records at Matec and Aguirre
may be available for the reference. The graph of monthly mean evapora-
tion ab Pototan is shown in Fig. 1.1-10.
- The cpen-rim pan is uéed for the observation.
The features of evaporation at Cato-ogan is described as follows:
(a) Mcan annual eﬁaporatidn is'2,090.mm and the ycariy variation
" is not so much, that is, within 1074 from the mean (2,090 mn}).
(b) Monthly variation is not remarkable. But, it is high (210 - €§§

220 mni) from March to May and low (145 — 155 mm) from Seplember

to November.

The f0110w1ng are the reference’ description for estlmatlng the
reasonable runoff coefficient of the basin from the view point of

evaporation.

(a) The actual evaporation from the water sarface in the basin

is estimated ag follows.

2 090 mm X 0.7 = 1,460 mm
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where; 0.7 is a coefficient génerally.used fer a

large open-rim pan.
While, the actual'evapo;transpiration from the basin is
estimated as follows.
2,090 x 0.5 + 1,050 mm

where; 0.5 1is roughly estimated coefficent. The
' evapotranspiration is genérally 400 - 900 mn
and the evaporation by open-rim pan is generally

800 - 1,500 mm in Japan.
{b) The annual runoff in the basin:is estiméted as follows,
2,600 - 1,050 = 1,550 mm
whefé; 2,600 mm is annual mean basin rainfall.

(¢} The reasonable runoff coefficient estimated from the

evaporation records is calculated as follows.

1,550/2,600 & 0.6 (60%)

1.6 Wind

There are two abservatories for wind in the basin, that is, at

Roxas City {PAGASA} and Matec (PAGASA).

As the observation period at Maﬁeé is as short as 4 years, the
summarized records al Roxas City from 1971 to Seﬁfember 1983 are
compiled and shown in,Tablé I.l-f?together with the other meteorological
records. And additi&nally, the.wiﬁa‘records'togefher with the other
meteorclogical records at lloxas City in 1983 are cohpiled separately

in Table 1.1-19 which is made from the original daily recerds,
The features of wind at Roxas City are described below.

{a) The maximum velocity of recént 13 years (until the end of

1983) at Roxas City is 83 knot/hour (43 m/sec).



Nete: :The w1nd veloelty at the tlme of typhoon “Undang
' paqsing by the Panay river basin on Nov. 5, 1984 is
the stlongest In Roxas City, ghont 50 m/sec was
recotded before the wind velocity meter was broken by

the wind,

(b) The daverage wind ve10c1tv ts 3 = 3.5 m/Sec. the velocity
is relatively high (4 - 4.5 m/sec} in Decéinber and November
_and'low {2 - 3 m/dec) from July to October.

(¢) There is no vemarkable prevailing direction of wind as far as

checking the original daily records.

The maxioum wind velocity in Iloilo shown in Tablé I.1-18 is also

available for the reference.

1.7 Typhoon
Typhdon'rééordé including tropical storm and depression are
collected from PAGASA in Manila and compiled in the following tables

and figures.

(2} Records of typhoon passing by Panay from 1948 to 1983,
deseribing the date, nane, maxlmum wiid velocity, minimum
atmospheric pressure, maximum 24 héurs rainfail and daily

rainfall al Roxas City during the period {Table 1.1+ 23)

(b) Tracks of typhoon p&ssing by Panay from 1949 to 1983
(Pig. 1.1-11) '

{c) ftracks of typhoon "Undang" (Fig. 1.1-12)
(4) Number of typhoon from 1948 to 1983 (Table I.1-24)

(e) Monthly frequency of tropieal cyclones crossing the Philippines
(Table 1.1-25) ' '

() Monthly frequency of trop1Ca1 cyclones crossing the Panay
island (Table I.1- 26) ‘

1 - 10
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The tropical cycldﬁe_(6r_typhoon_aslannfhér_general_exPressién)
ave classified into thq_follbwing thfee'categorics {hough tho,acfuél
judgement of the categories is done by the forecaster of PAGASA,

especially for tropical depression.

{A) Tropical Depression

The maximum wind speed within the center of the disturbance up
to 63 km hour.

(B) Tropical Sterm -

The maximur wind speed within the disturbance ranges of 64 - 118

ki per hour.

(¢) Typhoon

The maximwe wind speed within the distrubance exceeds 118 km

per hour.

The features of typhoon especially passing by Panay island are

deseribed below.

{a)} During the year 1948 — 1983, a total of 723 iropical cyclones
developed in or entered the Philippines area, that is, almost

20 numbers every year.

(b) During the year 1948 ~ 1983, a total of 33 tropiéal cyclones
passed by Panay island. That is, only 0.9 times a year.
Among 33, typhoon is 19 times, tropical storm is '}l times and
tropical depression is 3 timeé. It caﬂ be said that the real

typhoon altacks Panay only once two years.

(¢) In Philippines, the typhbnn”seaSOH is generally from July to
November. More than TO% of typhoon happens dufing these
9 months. In.Panay island, iﬂ was attacked by typhoon at
any month of a year in the past,.but; almost 50% of typhoon

came in November ox December, in the late periocd of wel season.

1 -1l



(a)

Ae)

(f)'

Most of typhoon passing by Pahay oviginate in the eastern

"ocean of Philippines islands and move to generally the

north-wvest by‘§63£ dircction. That is, all the'past typhoon

passed by Pahay island from the east to westh,

During the period of typhoon, the rainfall in Panay island_is
generally pretty high and it seems that the rainfall distribu-
tion covers whole the Pandy island or at least the Panay river
basin as far as checking the limited rainfall vecords at the
time of typhoon. But, it should be mentioned that the heavy
rainfall at least at a point or in a certain limited area
occurs without relation to typhoon as far as checking the

past recovds of heavy rainfall at Roxas City and at the

other stalions.

The maximum flood in the basin in thesé more than 30 years
happened in November 1973 wheén the typhOOn "Opéﬁg" passed
by the northern part of Panay island, that is, the Panay
river basin. The second biggest flood in the bnéin'happéhed
in November 1984 by the typhoon "Undang" of which track is

almost same as that of "Openg".

1 =~ 12



2. MHydrological Condition
2.1 General

There are the following hydrelogical items which are necbssary for

the study of the Prejectl.

(a) Streamflow
(b} Scdiment

(e} Tidal water
(d)  Water quality

(e¢) Ground water

The study of slreamflow is the most essential for the river
improvement plan. The following items are describcd'in the succeeding

sub—section.
(a) Observatories for the sireamflow
(b)  Catchment area at the gaging stations
{c} Streamflow records collected for the study
(d) Speecific discharge at the gaging stations

{e) Double mass curve (used for checking Lhe availability of

original discharge records at each gaging station)

(f) Discharge duration curve at the gaging stations (to sce the

dependéble'discharge at any percentage of a year)

{g) Conversion rate (to get the discharge at strategic point from

that of gaging stalion)
{h) Dependable discharge at strategic points
(i) Montihly discharge at strategic points

The analyses of probable fleood and flood runoff are included in

Section 3 "Flood Analysis".

In regard to the sediment, the sediment sampling was performed at
‘more than 20 locations and the samples are tested in the laboratory, the
vesulbs are summavized in this section and the back data are atlached in

the Data book. The sediment analysis using the results of test arc shown



in Section 4 "Sediment Analysis".

The study of tidal water level is performed for decidihg the
rcasonable water level at the river mouth which will be used for the
study of river improvement plan. The saline water analysis are shown

in Scction 5 “Saliné water Analysis™.

In regard Lo the water quality, the river water was sampled at
16 places and tésted in the laboratory. The swmnary of lest results and

its evalualion are shown in this section.

The investigation of ground water was performed by a geologist

and the results are shown in Appendix II "Geology and Ground Water.

2.2 ‘Streamflow
2.2.1 Observatories

There ave the folloving bodies concerned in the streamflow

observation in the basin.

(A} NWRC

There are four existing streamflow gaging stations under the control
of NWRC; that is, Dumalag, Dumarao, Cuartero and Panitan. But these
_ stations are néwly established in 1934 according to the request from

JICA teéam.

On the 6thérhand, there are the records. of three gaging stations
which d6 not exist at present bul have the records of more than
20 years. They are located at Cuartero, Tuiralalud, (Mambusao) and
Rallano {Maayon). These récords are compiled in books titled
"Surface water supply bulletin” prepared by NWRG.

{B) NIA
NIA has Mambusao irrigation system of which service has starled in
1975. The observation of streamflow is carried out at . the weir
¢rossing Mamﬁusao river and the canal which takes water from the

upstream of the wveir. ZThérefofe,'the total of bhoth discharge

becémes’ the discharge at Mambusao river.

Lol
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But, it is judged that the records are not reliable to be used for
the study, because, aftler all the origiﬁal records are collected and

compiled, many doubtful records are found anong them.

{(C) WNrC

NIC has Aglinab (Tapaz) étteamflow gaging station. NPC started
Lhe observation in 1959 but the observation was susﬁended from
March 197! to Augusti 1979 and it seems lhat the Bischérge is
generally too big even if il is considered that the rainfall .in
this sub-basin is more than the other stations. Possibly, the
method and range (only for low water) of discharge méasurcment is
not sufficient. Additioﬁally, the discharge record cOmpiied by
NPC is available only for 8 years and the discharge data of the
olher yéars are estiﬁated by using the gage height records and Lhe

same rating curve of the period with the discharge records.

{D) MIMH

MPYWH is usually not in charge of hyﬁrblogical cbservation. Bul,
they perform the establishment of gages and also their observation
and maintenance for the nqcessity of é Projecf. In case of Panay
river projectl, MPWH (Cépiz district) élready establishéd_the staff
gages at Pontevedra town (Pontevedra river) and Salﬁcon {Lower
Panay river) anﬁ Sigma (Mambusao river) at the request of JICA
Engineers in 1984. ' '
The list of gaging stations is shown in Table 1.2-1. There are
nine existing stations in tﬁe basin. And threce stations existed in

the past,

Among 12 gaging stalions in Lotal, the past three stations present
more available data in cbﬁparisbn with the others of which observation
period is too short or the records has not—a—few unreliable points. The
period of records is shown in Fig.l.2-1. The location of stream gaging

station is shown in Pig.L2-2.



2.2.2 :Catchment'Afea-

The following catchment areas at the point of Streamfléw gaging

slation are uscd in the reference books of streamflow records.

(a) Cuartero (NWRC) . 880 km?
{b) Tumalalud (N¥RC) | : 307 k2
{c) Rallano (NWRC) S : 265.km2
{d) Aglinab {N¥RC) . 312 km?

The catchment areas are newly checked by using a map of 1{50000 in
scale. Then, it becomes cleal that there ave serious errers of the

catchment areas at Cuartero and Aglinab stations.

oy
S
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The catchment areas used for the study are dcc1ded tu be as
follows. ' :

(a) Cuartero : 930 kn®

{b) Turalalud ' 307 km?

(c) Rallano : : : 265 km?

{d) Aglinab ' : 230 Im?
2.2.3 Record

The dally mean d1scharge records of all the statlons in the basin
are collected and complled in the reco:dlng forms. But only four
statlonb of Cuartero, Tumalalud, Rallano and Aglinab have the records
of comparatively long period. S ig

The records at Cuartero, Tumalalud and Rallano are obtained from
the "Surface water supply bulletiﬁ" officially'published by NWC. But,
the following questlons are found for the dlscharge records at Cuartero

after complllng the records and chccklng them._

" {a) The annual runoff coéfficient at Cuarlero is comparatively

high as T¥%; about 54% at Tumalalud erd Rallano.
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(b) At the time of flood by "Gpeng” in November 1973, the flood
volume at Cuartero is calculated to 5& more than 8 x 10° n’
in accordance with the hydrograph made by the dis@harge
records of NWRC. 1In this case, the average rainfall in the
basin of Cuértero has to be more than 1;000 mm even if'the

“runoff coefficient of the basin is 100%. Though thre is no
available rainfall records in the basin, the rainfali'of mbre
than 1,000 mm secms to be not reali#tic as far as checking
Lhe records at the rainfall gaging stations in the Panay

island.

On the olher hand, it was found that the rating curve at Cuartero
was prepared by the records of discharge measurément which has been
carried oul only at the time of low water level. That is, the rating
curve at high water level is made by jusl extending the curve for the

low water level withoul verification of Lhe curve.

Therefore, it is decided to revise the rating curve at Cuartero

for obtaining the reasonable discharge.

The revised:rating curve is made by the resultsnof'uniform flow
calculation in the river course including ihe flooded area. It is
assﬁmed that thé roughness coefficieﬁt of river as 0.03, the roughness
coefficient of flood plain as 0.1 and the river surface slope as

1:3000. The rating curve at Cuartero is shown in Fig. I.2-3.

The monthly mean discharge records of the four stations are shown
in Table 1.2-2 to 1.2-5. There are missing data in the original, therc-
fore, the following methods are taken for covering the deficit of dis-

charge records for some periods.

{a) 1Ir there are some (more than 10-15 days) daily records in the

month, the mean of them is taken as the monthly discharge.-

{b) The correlation cohstants of discharge to another station are
made among three gaging stations by using rate of annual mean

discharge of cach station. The rate of correlation between



fhe‘¢1659r éégihg'slations is used for estimating the records

of deficit. {Note: For Agliﬁab;'this wmethod is not taken.)

(¢) 1f there is no available station for the correlation, the
mean of the monihly discharge of all the other yéars in the
station is applied for the deficit. (Note: For Aglinab,
this methéd is not taken.}.

The ammual extreme daily discharge records at four stations are

also compiled in Table T1.2-6 to 1.2-9 for the probabiliiy analysis.

Besides, Lhe variation of water level al the stream gaging stations
during the two exireme floods; in November 1973 and in November 1984,

are collected and shown in the tables and figures listed below,

{a) :Téble of water levei at Cuartero, November 1973 Flood
(Table 1.2-10) | '
Note; The streamflow observation at Tumalalﬁd.and Rallano
was nol carried out due fo the over-flood at the area

of these two stations.

(b) Water stage h&drdgraph'at Cuartero, Tumalalud and Rallano
angd Dischérge hydregraph at Cuartero, November 1973 Flood
(Pig. 1.2-4)

{c) Table of water level at Dumala , Cuartero, Sigma, Panilan
g g ’
Solocon, Pontevedra and Aglinab, November 1983 Flood
{Table 1.2-11) (The records of waler level and discharge at

‘Mambusao Weir are attached for the reference in Table I.2-11}

(@) Water stage hydrograph at Dumalag, Cuartero, Sigma, Panitan,
Salocon and Pontevedra, November 1984 Flood (Fig. 1.2-5)

2.2.4 Specific Discharge
The specific discharges at four gaging stations are summarized as

fullows.

P
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C.A Annual Mean Spcdific‘ Annual depth of

Station o Discharge - Discharge -~ Runoff

' (km2) _ {w3/sec) _(m3/sec/km2) ()
Rallano (Maayon) . - 265 10.3 0.039 1,224
Tumalalud (Mambusao) 307 16.9 0.055 1,734
Sto. Nino (Cuartero) 930 43.5 0.048 1,473
Aglinab (Tapaz) . 230 2.9 0.099 3,109

As shown in the above, the spec1f1c discharge is different by the

“stalions. As already mentioned before, the discharge records at Aglinab

seem to be mot reliable. “Phe comparison of discharge features is to be

done by the dala of remaining three stations.

The specilic discharge is lhe biggest al Tumalalud the second at
Cuartelo, and the smallesi at Rallano. This feature represents the
similar tendency of the annual rainfall dlstrlbut1on, that is, the rain-

fall is as much as 3000-3500 mm in the west and as small as 2000 mm in

~ the east,

2.2.5 Double Mass Curve

The double mass curves are made by using the monthly dlschalge
records of three gaglng stations (Tumalalud Rallano and Cuarte:o) for
checking the necessity for the medification of monlhly discharge at a
station. The record of the Aglinab is checked separately by double mass
curve to the three stations by’ﬁsing the records of the same available
peried. As- a results, it is decided that the modification of monthly
dlscharge is nol necessary to be cariled out as.the.double mass cufves
of four stations show almost straight 11ne without rémarkable bend,
which means thal no remarkable change of observatlon condition has not

happened al any gaging stations,
The procedure for making double mass curves is shown below.

(a) The annual mean discharges'at four stations are compiled as

shown in Table 1.2—12.



- {b) - The ammual mean dischargé“reéérds ave converted to the annual

: deplh of runoeff as shown in Table 1.2-13.

(c) The calculation for double mass curve for cach statlon is
carcied out by accumulatlng the annual depth of Tunoff at the
.statlon and also ‘total of the other stations respectively as

shown in Table I.2~14 to 17.

(a) The double mass curves are made by using these accumulated

_annual depth of runoff as shown in Flg. 1.2-6 to 9.

2.2.6 Duration Curvc

The discharge duralion curve at lhree gaging stations {Tumalalud,
_Ralfano and:Cﬁartefb are made by using Lhe daily mean discharge records

at each station,

- The duration curve at each station is made by usiﬁg all the availa-
ble daily discharge records. That is, the records are arranged from
the bhiggest to the smallest. The results are summarized as shown in

Table 1.,2-18 and Pig. 1.2-10 te 12,

Additionally, the dimensionless duration curves al three stations
are drawn tbgéthgr on the samé sheet as shown in Fig. 1.2-13, It is
judged that'the'curvés show almost similay shape and therefore it is

not necessary to revise the daily discharge records further.

2.2, 7 'Conversion Rate

The estlmatlon of conver31on ratle of discharge between the gaglng
statlon and the strateglc po1nts is carried out by u51ng the mean annual

ralnfall and catchment area at each sub-basin.

First, the strateg1c poinis (whlch are proposed or p0531blc sites
for thc dam and 1rr1gat1on intake and also the conf]uence ov bifurcation

of rivers) are decided as shown in Plg. 1.2-14,

Then the catchment areas of cach strategic poinﬁs'fncluding the

stream gaging stations arée checked by using the map of 1/50000 in scale,



The annuai'réinfall in each basin is estimated by using the figure

showing the basin area on the ischyetal map as shown in Fig. 1.2-15.
The conversion rate {k) is decided by the following.

. Cs . Eg_

X = Ce . Rg

Where, Cs: Catchment area of a stralegic point. )
Rs: Annual mean rainfall in the basin of a strategic point
"Cg: Catchment avea of & gaging stations '

Rg: Annual mean rainfall in the basin of a gaging station

The gaging stalion relatéd to conversion rate of a strategic point
is decided to be in the same river (tfibutary) and the nearesi one along

the stream.

The conversion rate for the estimation of distharge at the strategic

points are calculated and summarized in Table I.2-19.

2.2.8 Dependwble Dlscharge

The dependable dlscharge at strategic po1nt5 are calculated by

multiplying the d1scharge at the gaging station by the conversion rate.

The dlschalge of dependable rate at 95% °0%, 50%, '0& and 5% at

the strategic points as well as al the gaglng stalions are shown in

*,

o Table 1.,2-20.
2.2.9 Monthly Discharge at Strategic Points

The monthly mean discharge at Stfatégic poihts is caleculated by

multlplylng the -mean monthly d1scharge at the nearby gaglng station by
the conversion rate. The results ave shown in Table 1.2-21. The
monthly discharge at strategic points (damsites) are also calculated
by the same method and are shown in Table 1.2-22 to 25.

:L"'a
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2.2.10 Additiohal'ﬁbéords

Durlng the studv in the fleld (Cap:z prov1nce), the studv team
collected the addltlonal records besides the records dlrectlv used for
the analyses. The addltlonﬁl records are the new records observed in
1984 which are collected for the further study in the future and also
for the refetence to the s tudy bascd on the analyses by the past records

before 1984.

" The following arc the stations of the additional records of stream

-

flow observation.

(a) . Dumalag (Panay river) . £

"

{b) Damarao (Badbaran river}.

{¢) Cuartero (Panay river)

(@) Sigma (Mambusao river)
(e} Panitan . {Panay river} _
() Salocqﬁ {Lower Panay river)

(g) Pontevedra {Pontevedra river)

Be51des the da11y (3 tiwes a day) observation of water level, the
dlscharge measuremenbs are alsoc carried out ‘al each gaging station
though the frequency and range of dlschalge are not sufficient for
making tho_rel1able rating curver It is rcquested for MPWH (Roxas
city) and NWRC {Iloilo} to continue the observation. |

The additional records are to be attached in Data book. gg

JICA study team requested MPWH to continue the observation in
association with NWRC. MPWH agleed to do it for obtalnlng the availa-
ble data for the next stage of study.

-ij "Sediment
2.3.1 Investigation Items

"It is decided that the following direcl investigations of river
bed fluctuation are not performed at this study stage due to the limit

of_tim04
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(a) Detailed periodical survey of longitudinal and cross sections

in the-éelected river stretches,
{b) River bed fluctuatibn_beforc and after the flood.

The estimate of river bed fluctuation is generally carried out by

using the resulis of following sediment investigation.

{a) Sediment sampling observation
{b) River bed ecxcavation

{¢c) Sediwment volume in reserveirs

Among above three methods, it is decided to perform the investiga-
Lion by sediment sampling 6bservatiou which is the most common investi-
gation. Though theinvestigation of scdimenb'volume'in resérvoirs is
also useful method, no adequeate reservoir is found in the Panay river

basin.

For the sedimént sampling, the following two different types of

sedimént have to be considered.

{a) Tractive sediments along the river bed

(b) Suspended sediments

In regard to the tractive sediments; the sampling device could
not be obiained and the manufacturing is also difficult. Therefore,
it is decideﬂ to perform the sampling of river bed'méteria}s substitut-
ing fOr_tﬁe sampiing of tracltive sediments. Some Bmpifical formulas
are available for the estimation of not only tractive sediments but

also suspended scdiments.

In regard to the suspended éediments, it is decided_tb perform the
sampling by using a device. But, the rosulls of ééﬁpling ﬁill be used
only for the referencb as il is difficult to get sufficient'number of
data in the limited period of study in Llhe field and addilionally the
suspcnded sedimenls can be estimated from the daté of river beéd materials

by using the formulas.

2 - 11



As the conclusion for sclecting invesligation ilems, the folloving
are io be carried out. - ' ' ‘
{a) Snépeﬁded_matdfials investigation

{b) River bed materials investigation

2.3.2 Iuvestigation Method
- {1) Rivér'bed materials
The following methods ave taken for the sampling of river bed
materials.
(A) Location
At least one place .in all the main tributaries and the river
stretches between Lhe confluences,:confluence/bifurcation, or
bifurcation/river mouth, Strategic points such as the location
of stream flow gaging stations are desirable.
(B} Sampling number in a section
Though three places (center and both sides) in the same cross
section are desirable, it is decided o accept only one or
two places when the difficulty of sampling is found or the
grain size looks almost same.
(C) Depth of sampling
River bed surface matlerials are sampled. But, the underlain
materials are also sampled if the malevial size remarkably
changes by the depth.
(D) PFrequency of sampling
One time only at a place.
(£} Sampling volume
o2 = 3 kg.

After'thé sampling; the materials are tested in the laberatory of

MPWH in Roxas City. The following items are to be obtained by the test.

2 - 12

oo



.

{A) Grain size distribution
The materials are dried out and sifted out by the different
meshes of screens,

(B) Specific gravity

The other tests such as the tests for sinking Velocity-and.aeriél
void ratio are not performed as the items are not:necesséry for using
the sediment formulas and the test equipment are not available in Roxas

City.
(2) Suspended materials

The following methods.arc taken for lhe sampling of.suspended
materials. '

{4) Locabion

At or around the stream gaging stalions.

{B) Sampling number in a river seclion

Though three places {center and both sides) in the same cross
section are deriable, it is decided Lo accept only one or two
~ places when the difficulty of sampliing is found or the dis-

tribution seems to be not différent.,

{C} Sampling number in vertical direction

Thongh three places (surface, middle, and bottom) are desirable,
it is decided bo accept only one place in a depth direction

when the vclécity distribution seems Lo be almost uniform.
{P) Frequency of sampling
As many times as possible in the same location,
After the sampling, the maferials are tested'iﬁ.thc'laboraiory'of
MPWH in Roxas City to get the sediment ratio in the Samples; As Lhe
equipment for the test is not sufficient in the laberatory, it is con— .

sidcrod.that the frequehcy of test in a period is limiled and some errors

are included in the vesults.
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2.3.3 Hesulls of Sampling and Tests

The follewing arve thé results of-séMﬁling_and test.. The most of

the data are to bg'attached in the Data book and the summaries with

the figure number are to be shown in this Appendix 1.

{A} River bed materials

{a) Location map of sampling

{v)

ey

(d)

(e}

(1)

(g}

The locations of sampling river bed materials. are shown in

Pig. 1.2-16.

List of sampling places

The date and locations of river bed material sampling ave ;z
listed in Table 1,2-26,

River bed material sampling record

The sample No., sampling date and time, location (with sketch},

sampling depth, ete. are shown. {Attached in Data book)

Work.sheefs'for specific gravily test

The weight of sample obtained in the procedure of test and

the calculation for specific gravity is shown, -(Attached in

Pata book)"

Work sheets foy seive énalysis ‘§

The results of seiving test are recorded in the sheets.

{Altached in Data book)
Grain size distribution curve
The distribution curve which shows the relation between the

grain size and the accumulated passing rate of sieves.

(Attached in Datla book)}

nglculation_sheet'Gf a sample diamecter

"~ The cdlculatidn'Shectsyfbr obtaining the mean diameter of

each sample. The diameter at each percentage of 10% ‘interval
is also described in the calculation sheet. {Attached in

Data book)}

Al
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(B)

(n)

(i)

Sumnnary of sample diameters

The results of caléulaLion for diameters at mean and some
repfescntatjve pepcentdges are summarized in Table I,2-27.

The uniformily coefficient is alse shown in the same Lable.

Varialion of material composition

Thé river bed materials are classified as élay, wilt, very
fine sand; fine sand, medium sand, course sand, fine gravel,
medium gravel and large gravel by its size. The percentages

of composition in each sample are shown in Table 1.2-28.

The Variations'pf material compositioﬁ in each river'éburse
are shown in Fig. T.2-17 though the variabiéns are available
only for the reference as.thelsampling number seems to be
not sufficient for fixing the material size in éacﬁ riQer

course.

Suspended materials

(a)

(b)

{c)

{a)

Location map of sampling

The locations of sampling river water for suspended materials
are shown in Rig. 1.2-18.

List of sampling places

The sémpling date and loecations for suspended'materials:are
listed in Table I1.,2-29.

Sémpling records

The.samplé No., sampling date and time, location (with sketch),
gage height; etc.'are shown in the sheets atlached in Data -

book.

Test results for material content

The data obtained on the way of lest for material content
are shown in the sheets attached in Data book. The test

results are summarized in Table 1.2-29,
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2.4 Tidal Waler
2.4.1 DbSérvatiOn

~ The stqff gage for tld%l waler level obsor\ailon was estab11shed
in the beolnn1ng of Apxll 1984 at Culasi port and since then the
‘observation has been carried out every 2 hours but enly in day time due
to the”diffiCulty_fﬁr finding a gage keeper at night. Though the
obséfvdtiﬁﬁ at night time has been aiso carried oul for about a week to

gel the continuous variation.

2.4.2 ilde and Current Tables

The Bureau of Coast and Gcodetlc Survey (BCGS) publ1$hes Lhe tlde
and current tables at Lhe prlnc1pal porls in Phlllpplnes @very year.
There is no official observatory fox tidal water in the coast of Panay
river basin. But, it is described Lhat the tidal water level at Culasi
port, 1oéatéd close to the river moulh of lower Panay river, can be
estimated fme the table of tidal water al Cebu port by using_the
correlation numbers. In the table, the high and low.wéter ievéls-with
the time at Cebu port afe shown. Bul the relation between the elevation

and the water level is not: known.

2.4.3 Avallablllty for U31ng the Tidal Data at Cebu

The vallatlon of tidal water levels of both the actual observatlon
records and the correlated values from those at Cebu port are drawn in
the same chart for compafing Lhe differéncé; A part of water level
variations are shown in Fig.l.2-19 as an example (1n thc'figurc, the
water levels at Cebu and Culasi are adjusted to see the difference
' clearly) As the réshlts, it is judged that the correlated values are

_avallable tn use for the 'study due to the. f0110w1ng

{a). The time of h1gh and lnw water lévels coincide each other.

(b} it is seen that the d1fference at the h1gh and Iow water levels
is as small as W1th1n 15 cm. And the mean difference at high

wator leve]s in the fxgure is almost nil.:

.

2 - 16

=



L

Based on the figure, it is declded that the water levels (elevatlon)

at Culasi are obtained by the’ f0110w1ng equatlons.

(a) High water_level {(EL.) at Culasi: V.L. at Cebu-0.28 m
(b} Low water level (EL.) at Culasi: W.L. ai Cebu-0.32 m

2.4.4 Decision of Water Level ai Culasi

The following are the highest and lowest waler levels at Cebu in

these four yecars.

Highest _ Lowest
1981 - W.L. 2.02 m W.L. - 0.46 n
1982 , 2,07 ~ 0.49
1983 2.09 ' - 0.51
1984 2.09 a - 0.48

Note: W.L. O™ is the mean water level of low water.

The above tidal water levels are converted to the water level

{elevation) at Culasi as shown below.

Highest - Lovest
1981 EL. 1.74 m EL. - 0.78 n
1982 1.79 - 0.81
3983 1.81 - 0.83

1984 1.77 - 0.80

Besides the above, the averége high and low water levels are

calculated by using the dala of 1984 as shown in Table 1.2-30.

The tidal water levels at Culasi port used for the study are
finally decided as follows.

Annual Highest High WI,  El. 1.78

m

Monthly Highest High Wi EL. 1.62 m
Mean Highest EL. 1.00 m
Hean YL EL. 9.44 m
Mean Lowesl WL EL,-0.12 m
Monthly Lowest Low WL EL.-0.66 m
Annual Lowest Low WL HL.»ﬁ.Sl m
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2.4.5' Verificﬁtibn of Tidal qucr Lével.

It is found that lhele is dlSOlOpaHC) botweOn the ele\atlon of
tidal waler lcvel and Lhe elevation in lhe estu%rv area on tho map.
That 15, it is’ shown on the map that the elevations on Lhe top of d]kCS
in the flshpond area ave lower than EL.1.¢ w, for ‘example EL.O.5 m,
EL.0.T m elc., at many points. In this casb; the dikés df fishponds
have to be overfloved everyday as the tidal water level is higher'than
the hight of dikes.

In regard to the discrepancy mentioned above, it is concluded that
the elevation of tidal water level is reasonable Lo be used for the study

~ due to the following points.

(a) The monthly highest water level al Pontevedra gaging station

for 4 months in 1984 was as follows.

September EL.1.93 m
October’ - EL.1.85 m
‘Novenmber EL.3.03 m
 December EL.1.18 m

-EL.3.03 m in November is the record of fiood caused by the
typhoon “Undang At that tiﬁe, the town of Pontevedra was
71nundated and the water depth was almost 1 mon the river
side road. On the other hand, the inundation of town arca
did not happen in tﬁe other months, Therefore, it is con-
sidered ihatithe elevation of banks along the river is
genelally higher than about ElL. 2 0 m, The fishpohd area is
located dOWHstream of Pontevedra town, . however, the water
level between the river monlh and Pontevedra town.w111 be

not so much different,

'(b) it is informed about the accuracy of elevations on the map

as folloks.

The acrlal photographo were taken in scale of 1/20,000 from
the»helghtof EL. 3,000 m. In this case, it is probable that

the error of elevation is about 1 m even on the “flat area.
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Further, it is difficult to read a point in narrow portion
like the dike of fishpond. The elevations in fishpond area

vere not cheéked by the ground survey.

2.5 Water Quality
2.5.1 General

_ As far as.inspecting the basin, it secems that no serious problem
exists except the saline water in the lower Panay river. ‘But, it is
necessary to investigale Lhe river water quallty for conf11m1ng the

approprlateness of water for 1rr1gat10n, municipal and 1ndustr1a1 Uses,

The problem of séltyater intrusion is {o be discussed in Appéndix
VIII "Water Supply Plan" and the analysis of saltwater intrusion is to
be performed in Section 5 "Saliﬁe Watér Analysis" of this Appendix I.
Therefore, the water qﬁality in this Séction 2.5 is to be shown without

putting emphasis on the saline water.

2.5.2 Data from the Previous Report

The Nation-wide Dredging II Report shows some data of vater QUaliLy

as described below.

The National Pollution Coﬁtrol Commission (NPCC) has performed the
water quality investigation and analysis and made-the_c}assification and

criteria of fresh surface water for the water of the Philippines.
The classification and their description for usage are as follows.

(a) Class AA: For source of public wétcr supply. This class is
intended primarily for waters having wétersheds which are
unlnhablted and otheru;se protected and which mquire eonly

'approved disinfection in order to meet the Natlonal Standards

for Drinking Water (NSD¥) of the Phillippines.’

(b). Class A: For source of water supply that will require compléte
. treatment {coagulalion, sedimentation, filtration and disinfection)

in order to meet the NSD¥Y.

2-19



“{e) Cldss.ﬁ: For primary contact recreation

(d) Class C:  PFor the propagation and growlh of fish and olher

aqualic resources

(e) Class Di For agricullure, irrigalion, livestock watering ard

industrial cooling and processing
(£) Class E: For navigational'use

The water duality'qfitéria used for the classification are shown
in Table [.2-31 and the test results of water sampicd in the Panay river

in 1975 and 1976 are shown in Table I.2-32,

The water in thE'Pdnay river is classified as Ciass'A. That is,
the water is generally usable for irrigation, municipal and industrial

pﬁfpdseé though the total hardness and coliform deénsily are high.

2.5.3 Data Collected in This Tlme

The samplxng of river watel is performed at 1bout 15 places which
covers all the main trlbutarles, branch r1ver,'and the main river. The
locations of sampling are shown in Table T,2-18 together with the sampl-

ing for suspended material content.

After sampling, tﬁé water is tested in tﬁe Iabdratory_of MPWH in
Roxas city though.fhe test iltems are limitéd.due'tc'the kind and capacity
of testing deviées. ‘Thé results of ﬁater quality tests are seen in the
sheets attached iﬁ Data book and the summary of results is shown in

Table I1.2-33.

As far és checkiﬁg the water qualily Stéhdard'of MIWH shown in
'Table 1.2-34 and that of Japan show as a 1efercnce in Table I. 2~ 33, it
is concluded that the water in Panay river is sufflclently usable for

1rr1gat10n as well as munC1pal and industrial purposes.

~ The water quallty affected by the river 1nprovement works W111 be

described in Append)x XI "Environment Study
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3. Flood Analysis
3.1 Plood Analysis in‘Préseﬁt River Condition
3.1.1 General

The ba51c hydlologlcal data for flood ana1351s generally consist

~of ralnfall, water level, and d1scharge. ‘The floed analy51s in present

river ‘condition is performeq for deciding the pfbbable.rainfé}l-in the
basin and fhe probable:flood runoff witﬁ diffefent returﬁ periods.

In other wdrds, the flood condition under ‘the present river condition

is made béing based on the verification of the rainfall, water level,

and discharge al some strategic pointé in the basin at:the time of

"Undang" typhoon.

- The typhoon “Undang" passed by the Panay river b381n in NO\ember
1984 and caused the serlous damage due to flood which is the second
biggeslt as far as the inhabitants can remember the past. The JICA
study team could collet more rel1able and detalled data than those
for any other floods in the past. The flﬂod happened in Novenber 1973
by the typhoon "Openg" is the biggest one for these 40 to 50 years.,
But, it is considered thal the accuracy of verification is low as the
number of hydroldgiéal data is not sufficient. Especially, there is
no other stétion excepl Roxas city that has the rainfall records in

the basin in Novémber 1973,

Therefore, it is decided to estimate the probability of rainfall,
water level, and_dischafge in present river condition based on the
data'at the time of “Undang” flood. But, the verification for "Openg"
f]ood is to be carricd out by the hydrograph at Cuartero for confirming

the adequecy of the verification based on the “Undang flood

3.1.2 Plow Chart of Flood AnalySLS in Present River Condition

The flow chart of flood analys1s in the -present rlver condltlon,
for dQCLdlng the probable rainfall in suh—b351ns,'1s shown in PRig..

1.3-1. The brief procedure of the analysis is as follows,



(a)}) Construction of river system model and decision of constants
K, P of sub-basins and river channcls for storage funclion

method.

(b) Pleparatlon of ratlng curve and flood hydrograph at base
polnts,' {The leasonable runoff coefflcaent has to be ebtained

by the hydrographs)

(¢} Decision of rainfall and its distribution in each sub-basins.
{The reasonable runoff coefficient has to be obtained by the

basin rainfall)

{a)} Calculation of fleod runoff. Then, the preparation of hydro-
graph at each base point. (The verfication of dischargé and

water level at the base points is to be carried out)

The above calculation and analysis are to be pefformed to the data
- of "Uhdahg" flood, though a part of the above procedure is done to the
data of "Openg” fleod too.

Additionally, the calculalions al each procedure are to be repeated
by revising the first conditions such as rating.cutve, rainfali, ete.”
until the resonable results are obtained by checking the runeff coef-

ficient, water levels, discharge, etlc.

the common base points for the procedﬁrei(b), {c) and {(a) are to

be at Panitan and Cuarlero.

3.1.3 River System Model

The river system model is constructed and the flood runoff calcu-
lation of the Panay river is made using the model w1th ‘the aid of an

| electronic computor. In the model, the flood flow mechanlsm of ihe

Panay river is simplified by dividing the basin to the sub—ba51ns at

the strateglc points for the river 1mprovcment plan. The div131on

of basin is shown in Fig. 1.3-2. The river system models are ‘made

according to the division as showﬁ in Fig. 1.3-3. The model is used

for the present cendition as well as for the improved condition.
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in case.of the model shﬁwn in Fig. 1.3-3, the chaniel function
'of.thc two rivers abt the junctions of méjor tributariéé:ﬁith' -
river ave cosidered to be different channel to see the infloﬁ ﬁischarge
of the iwo rivers separately. The model comprises 28 sub-basins and

17 channels.

Base points, which ave selected among the sub -base po1nts are
the prlnclpal pOLnts for estlmatlng the flood runcff and for determining
the flood distribution along the river. The base points are selected

at the location listed belaw.

BP-1 Proposed site of Panay B dam, in Panay river
BP--2 Proposed site of Panay ¢ dam, in Panay rviver
BF-3 - Just upstream of confluence with Badbaran river, in

Panay river
BP-4 Dumarao town, in Badbaran river

BP-5 Middle of Bumarac town and conflucenée with Panay river,

in Badbaran river

BP-6 Just upsfream of confluence with Panay main river, in

Badbaran river
BP-7 Cuartero town, in Panay rivezs

BP-8 Just upstream of confluence with Mambusac river, in

Panay river

BP-9 Mambusao wc1r, in Mambusao river

BP—)O Mlddle of Signa townlénd Mambusao town, in Mambusao river
BP-11- Just downstream of Sigma town, in Mambusao river

BP-12 Just upstream of confluence with Panay main rlver, in

Mambusao river

BP-13 Just upstream of confluence with Maayon river, in

Panay river
BP-14 Maayon town, in Maayon river
BP-15 Just.upsfream of confluence with Panay main river, in

Maayon river



BP--16 Ju3£ upétr0am of confluénce with Maayon river, in
Ilas:rivef
BP-17 - Just upstream of confluence with Mambusao river, in

Balacuan river

'3 1.4 Constants K P of Sub-basins and River Channels in Present

Rlver Cond1t16n -

_ In the f1o04 flow analysis, the sterage function method developed
by Dr. Kimura, Japan, is used. The storage function meéthed can express
both basin storage and river channel storage including inundation by

simple equation and suitable for calculation by electronic computor.

Flood runoff frem each sub-basin is estimated by means of storage
function method. The basic formula of storage function method is

expressed by the following equation.

s = koF
48 1 R . .
Tt=3%6°f ~.A = Q0 (Continuity equation for basin)

Where, S Basin storage (m3)
§ : Runoff from basin {m3/sec)
K,P : Constants
dt : Unit time (sec)
£ : Runoff ratio _
v : Basin average rainfall_(mm/hr)
A ¢ Catchment area (kmz)

dS ¢ Incremental ba31n storage correspondlng to dt (m3)

1In caﬁe where the method is used to detprmine flood runoff from
a river basin, the storage function (K and P) which show the relationship
betweeﬁ storage and runoff is determined usually by comparing-storm :
rainfall records and flood runoff records actually observed. Since
such obsorvatlon records are not available for this study, K and P

values are delermined by the emplr1ca1 formula shown below,

i
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K - 118.84.193

-0.235

P = 0.175.1

U

¥Yhere, i : Average bed slope of the river in the basin

The formula is breparéd on the basis of many observed storm rainfall
and fleod runoff records in the mountainous river basins'qf the Tone

river basin, one of major river basins in Japan.

In addition to K and P values, it is nécessary to décide also lag

time (Tl) to obtain flood outflow. The lag time is roughly estimated

by the following empirical formula:

T} = 0.0470L - 0.56 (hour) {I. > 11.9 km)}

TL =0 - : (L £11.9 km)
Where, L : Length of river in the basin (km)
The éonstants for each sub-basin are shown in Table 1.3-1.

In regard to the Constant K, P of viver channels, it is estimated

according to the following procedure.

(a) Rafing Curves of water level (H) and dischafge'(Q)'at the
ocutlet point of each river channel are made by the uniform

flow calculations.

{b) The rating Qufves of water level (H) and storage volume (S)
in each river chammel are made by assuming that the longitudinal
slope of flood plain is almest parallel to that of river

channel.

(¢) The rating curves of Storage {$) and Discharge (Q) are made

by combining the curves of H-Q and H-S.

The constants for each river channels are shown in Table T1.3--2,
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'3.1.5 Rainfall Analysis for "Undang" Flood
3.1.5.1 Rainfall in Sub-basins
The bas{n mearn rﬁiufall at Cuartera énd Panitan is calculated by

uéing Thiessen Polygon'method of which figure is shown in Fig. I.3-4.

The dally mean ralnfall records at the time nf "Undang" fleod
are summarized in Table 1.1—6. The basin mean rainfall of 3 days
{Nov. 4, S and 6) at Cuartero and Panitan as well as in each sub-basins,
used for the runoff analysis by storage function method, are calculated

as shown in Table [.3-3.
fhe basin rainfall at Cuartero and Yanitan is obtained as below.

Station Bldays-rainfall 6 dayé—rainfall

Cuartfero 220 mra _ 274 mam
Panitan 229 mm . C 262 mm

3.1.5.2 Hourly Rainfall Distribusion

The' accunulated rainfall curves ffom'Nov{.ﬁ to Nov. 6 at eacﬂ
~rainfall gaging station are‘made first. Then, it is decided to select
the curves of 6 stations for making the rainfall pattern, after comparing
the curves. They are Astorga, Brgy Roxas Tapaz, Mambusao, Matec,
Jamlndan and Vlllaflores as shown in Rig. 1.3-5% to 1.3-10.

Then, the hourly rainfall distribusion at these 6 stations are

&4

made as shown in Pig. I.7-11 to I.3-13.

In the simulation, the pattern of hourly raiﬁfall.distribUSion at
a station is to be ﬁséd for making the raihfall distribuSiﬂn in each
sub ba31n.- One of six statlons located neaxby the sub~basin is selected
for the s1nu1at19n. In the SLmulation, the hourly ralnfall quant1ty
is to be enlarged or shortened proportlonally to the rat1o between the
total ralnfall at the statlon ‘and that in the sub-basin,
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3.1.6 Streamflow Analysis for “Undang“ Flood

3. 1 6. 1 Hatlng Culve at Panxtan and Cuartero

(1) thlng Curve at Panitan

The ratlng curve at Panltan was made in accordance with the follow-

(a)

(b)

(<)

(a)

{e)

- ing plocedu19.

The rating curve based on the results of discharge measure-—

ment is prepared.

Por checking the réliablity of the rating curve, the follow-

ing points are examined.

Pirst, the mean veibcity ét tﬁe time of flood was obtained
from the velocity at a peint within 1 m from the surface
withouf éonsidering'the decrease by.the depth. In regard to
this point, it is judged that the velocity obtained in the
range of 1 m from the surface is assﬁmed_td be the mean
veloecity at the section in the Panay river afier considering

the matter from some asgectsa

Second, the rating curve is made by the results of discharge
measureﬁent'inq}uding By float. So;.the necessily of adjust¥
ment of velocity. By float has to be éOnsidered-' In regard

fo this point, the comparlson curve of veloc1ty by float and
current meter is prepared as shown in Fig. I.3-14 where the
correlation coefficient is almost 1 each other. Therefore,
it is decided that no adjustment for the velocity by float

is required.

Third, the uniform flow caleulation. is carried out in the

stretch of Panitan on the conditions bolow;

roughness coefficient (river channel) n

= 0.03
L - (flooded plain) n=0.1"
water surface sliope . i = 1/5,000



F01 making a zatlng curve hased on the uniform flow calcula—
tlon, ‘the ovelflooded dlscharge from both banks at the upstream
stletch of Panitan is roughly estimated and added to the dis-

charge in the river channel.

- The resulls are shown in Pig, 1.3-15 together with the rating

. curve based on the discharge measurement.

As a conclusion, it is_decidbd'fo use the rating curve drawn by
thick liné shown in Pig. I1.3-15. That is, the rating curve based on
the discharge measurement is modified in the range of high water in

consideration of the overflood from the upstream banks.

(2) Rating Curve at Cuartero

At Cuartero gaging stalion, the number- and the range of discharge
measurement is not sufficient for making the rating curve. There is

no measurehent records at the time of flood.

Therefore, il is decided to make the curve based on the uniform

flow caleulation., The conditions for the calculation are decided és

- follows.
Roughness coefficient (river chanhel) n = 0.03
" (flooded plain). n = 0.1
= 1/3,000

- Water surface slope i

The calculation is performed for the both oléd and new sections.
The old sc¢ction is a standard sectlon available for the records from
1950'5 to 1970's, though the fluectuation of Tiver bed durlng those more
than'20 years actually might happen. ¥hile, the new section is a
standard section available for the record since 1984 when the new gaging
station was estaﬁiiéhed.' The both standard sections are shown in

Pig. 1.3-16.
The rating curves are shown in Fig., 1.3-17.

The adcquacy of the 1aL1ng curves are checked by the runoff coefl-
flc1ent of the hydrOgraphs at the time of “Uhdﬁng“ floed and "Openg"
flood shewn in Section 3.1.6.2.
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3.1.6.2 Hydrograph at Panitan and Cuartero

The hydrographs at Panitan and Guartero at thé time of “"Undang"
typhoon are prepared by using the follewing data.

{a) The rating curves (See: Section 3.1.6.1)

(») - Records of water level

The records of water levels as well as the record converted dis-

charge from the rating curves are shown in Table 1.3-4.

The hydrographs are Shdwn in Fig. 1.3-18.

3.1.7 Verification of Flood Analysis for "Undang® flood

The verification of flood analysis for "Undéng flood" in present

river condition is made by c¢hecking the hydrograph at Panitan.

The rainfall in each sub-basin including the hourly distribulion
is already decided in Section 3.1.5. The effective rainfall for runoff
te the river ié decided by the primary runoff coefficient (1) in the V_
condition up to the saturaled rainfall {(Rsa). As %here-is no sulfficient

records for estimating f1 and Rsa, the expérimental values are adopted.

The following twe cases are used for the Simulétion of runoff

analysis.
(a} Case 1 f1 = 0.6, Rsa = 160 mm
{b} Case 2 - f} = 0.5, Rsa = 160 mm

'The saturated rdinfali; 160 mm, is éstimated for_the.volume of
actual hydrograph to coincide with that of calculated hydrograph, in
Case 1. On thc other hand, the rainfall in Case 2 ié propﬁrtionally
exﬁendcd for making {He volume same as Case 1. The results are shown

below and also in Fig. 1.3-19.,



‘Case 1 6 days féinfall.“" 262 mm
' runbff'(at'Panitén} . 187 mm
runoff coefficient N N ¢ Y
Case 2 6 days rainfall : © 279 mm
' runoff (at Panitan) - 187 mm
runeff coefficient 0,67

The both lesults show comparatlvely good coincidence wlth the _
observed records.. Therefore, it is decided to lake Case 1 as the rain-
fail used for the simulation. Case 1 is based on the actually observed

racords without meodification.
»
. £

oy

The water stage hydrographs at 4 strategic points; Panitan, Signa,
Cuaftero, and Dhmalag,'are prepared éS.SHOWn in Fig. 1.3-20. The hydro-
graphs made by the calculaution show the similar shape though there are
some dlfferences at some points. Il is very. hard Lo completely coincide

“the actual records with the 1esulbsof calculatlon at 111 the p01nts

It is concluded that the values estimated or assumed for the flood
runof analysis in the present river condition, from Section 3.1.1 to

3.1.7, are verified as reasonable ones.

'3.1.8 Flood Storage Volume of "Undang" Flood

" The flood storage volume means the accumulated volume of the dif-

&a

ference between Inflow voluﬁe and Qutflow volume.

The flood storage volume of "Undang" flood is estlmated by the
flood .storage hydrographs shown in Pig. £.3~21 and 1.3- 22. 'The resulls
arée as follows.

(A) Panay river (total volume)
(a) at Panitan: 156.8 x 10% m?

{b) at just downstream of the conflucnce with the Mambusao river:
124.0 x 10% o>

(¢} at Cuarteror. 68.1 x 10° w3

() at just upstreaﬁ of the confluence with the Badbaran river:

: 2
40.7 x 108 m3 o ' ié

3 - 10



{B) Panay river (volume in each stretch)

(a) between the confluences with the Badbaran river and the
Mambusao river: 38.9 x 10° m3
(b} belween the confluences with the Mambusao river and the

‘Maayon river: 34.3 x- 106 w3

(¢) hetween the confluence with the'Naayqn river and the Panitan:

12.7 x 106 3
{C} Badbaran river: 7.6 x 106 n3
(D) Mamusao river: 47.6 x 100 w3

{E} Maayon river: 4.9 x 168 3

3.1.9 Probabilily Analysis
3.1.9.1 Probability of "Undang" Flood

Thé probability of floed is usually evalualed by the basin mean
rainfall. Howefér, theré is not sufficient records to eslimate the

probability of basin rainfall.

The probability of ”Undang" flood is estimated first by the annual
maximum dally mean discharge, records at Cuartero where the daily dis—
charge records of 24 years are avallable. The annual maximum discharge
records are plotted By Hazen method on the 1ogar1thm1c probability paper
shown in Pig. 1.3-23. The line for the probability is drawn for the

records of bigger discharge. The results are obtained as follows.

frbbability {year) Discharge (m3/s)
400
720
10 1,000
20 ' 1,350
50 | 1,800
100 : 2,200
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The

peak discharge al the time of “Undang" typhOOn:ié estimated

at 1,078 ﬁ3/s From the observed peak water level and the rating curve

at Cuartero. This discharge is evalualed as about 10 .year probable

flood from the probabili{y'gurve of flood discharge.

3.1-9.2

_The

" fall gaging stations which has the records of comparativciy.long period

Probable Rainfall al Gaging Stations

probable point rainfali are calculated at the foilowihg rain-

though they are located outside of the Panay river basin.

(a}
(b)
(c)
(a)
(e}
{r)
(g}

The

Valderama, Antique
Balete, Aklan
liibacac, Aklan
Barbaza, Antique
Culasi, Antique
Iloilo, Ileoile
Roxas city, Capiz

annual maximum 1 day, 2 days, and 3 days rainfall records are

shown in Table I.1-11 to I.1-16. The probability.is'calculated by

Piason Type I11 distribution method which is commonly used for the

probability analysis of rainfall. The results arc shown in Tabie 1.3-5

and Pig.

1.3-24 to 1.3-26.

1. 12
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3.1.9.3 Probable Rainfall in Sub-basins

The'probabie rainfall in Sub-basins is obtained by the Tollowing

procedure.

(a)

(b)

The probable rainfall at Culasi is selected as the representa-
tive probable point rainfall in the basin. Thqugh Culasi

gaging station is located outside of the Panay river basin,

‘it is censidered to be reasonable to use the récords of a

nearby station when there is no available rainfall gaging
station which has the records of sufficiently long.périod.
Additionaliy, il is COHSldeled to be conservative f01 maklng
flood control plan bﬁsed on the results of floed runoff analy-
ées using the records of a station which has the heaviest

rainfall records; Culasi gaging station.

Roxas station has the records of more than 30 years, however,
it is lecated in the {pyer plain area where the rainfall
intensity is much wedk - in comparison with that in the mountain
area in the basin. The probable rainfall at Culasi is

calculated’ 1n}the preceding Section 3.1.9.2.

The reduction of rainfall due to the basin area is studied.

The areas for estimaling ra1nfa11 reduction by area are

decided by making circles of each representative area whlch
encloses as many statidns as p0551b19. The arecas are shpwn

in Fig, 1.3-27. The rainfall reduction rate of cach representa-
tive area are calculated by using the pasti heavy rainfall
records in the basfn as shown in Table 1.3-6 to 1.3-9,

The resulls are plotted in the logrithm paper shown in Pig.

I.3-28 for d901d1ng constants of Horton's formula shown below.

P = Po.exp k(0. 386A)

“Average depth of rainfall in a basin (mm)

-

Where, P
Po: Largest point rainfall amount in a basin (mm)
A : Area (ka)

Constant k, is usually taken at 0.1

.

n : To be decided by the study of observed hea\y
rainfall record in the ba51n
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The Horton's formula is widely used in Japan for dQciding the
reduction rate by areas. The formula is represented below in accordance
with the results shown in Fig. T.3-28. '

_ - ' 0.31
P = Po.exp 0,1(0.38§A)
The prebable rainfail in each subbasin is calculated by applying

the area (A) of the sub-basin into the above formulae.
The Probable basin rainfall at Panitan and Cuaitero is calculated
as shown below.

g
a1
<t

Probablé Rainfall "~ Probableée Basin Rainfall

Return ~ at Culasi {wm) at Panitan {(mm)
Period(yr}) | 4.0 2.day  3-day l-day 2-day  3-day
1.01 131 172 214 60 79 98

2 ~ 170 265 . 321 78 | 121 147
5 250 . 376 440 114 172 201
10 125 471 538 149 215 246
25 451 618 684 206 283 313
50 571 749 811 261 342 - 371
100 718 901 955 328 412 437

Prabable Basin Hainfail
Return- at Cuartero {mm)
?er1od(yr) 1-day

2-day 3-day

1.01 71 93 116

2 92 143 173
| 135 203 238
10 176 254—_ 290
25 244 334 369
50 308 404 . 438

100 . 388 486 - 516
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3.1.10 Heurly Raiafall Distribuiioen

.In the previous Section 3.1.3.2, the rainfail distributions for
the analysis of "Undang” flood vere decided and it vas verified that
the distribulions give the similar results as the actuglly observed
ones. Moreover, it is censidered that the vainfall distributions ob-
tained in Section 3.1.5.2 are made by enly the records al the time of
"Undang“ fleod, that is, no other records can support the distributions.
fherefore, it is decided to construct the conmen pattern of rainfall

distribution in cach sub-hasin.

The rainfall intensity-duvation curve shown ia Fig. 1.3-29 was
prepafed from houréy rainfall data at Iloilo and Roxas City'gauging
stations. The hﬁﬁrly rainfall distribulion is prepared based on above
rainfall intensity-duration curve assuming a center-concentraled pal-
tern. The hourly rainfall distribution expressed in lexm of percentage

of the total J—day rainfall is shown in Fig, 1.3-30.

The verification of the hourly rainfall distribution was performed

on the following conditions.

(a) 10 year probable, basin rainfall al Cuarterc decided in the

previous Section 3.1.9.3

1 day 176 s
2 day 254 mm
3 day .. . 290 mm

*

{b) River system model decided in Seelion 3.1.3

{c) Coﬁstants K, P and T of sub-basins and river channel decided

in Section 3.1.4
{a) Frimary runoff coéfficient (f1) and salurated rainfall {Rsa)
' decided in Section 3.1.7
£ = 0.6
Rsa = 160 mn

‘The flood runoff analysis performed on the above condilions show
that the peak discharge at Cuartero is 1,130 m3/sec which is coniparalivoly

. 3
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close to the peak discharge during "Undang” flood that is, 1,078 m/sec.
As the "Undang" flood was evalualed at about 10 year probable flood in
Section 3,1.9.1, it can be said that the hourly rainfall distribution
made_in_thi$ section is established to be available to use for the

“furtiher analyses.

3.1.11° Plood Runof £ Malysis in Present River Condition

Based on ihe probable rainfail decided in the foregoing Subsections
3.1.9 and 3.1.10, Lhe probable flood runoff at each base point under

the present viver condition is calculated as shown in Fig. I.3-31,

The following table is the sumnary of the probable discharge cal-

culation at each representative point,

. Basin Area i Peak Flow {m3/sec)

Base Point 5
{km™) 100—yr Flood  25-yr Plood 10-yr Plood

Panay river
(BP-3) 553 1,530 390 610
(BP-8) 983 2,040 1,310 920
(BP-13) 1,533 2,570 1,700 1,220
(BP-17) 1,987 2,670 1,830 1,370
Badbaran river
(BP-6} 348 1,020 500 390
Mambusaoe river
(BP-15)+(BP-16) 373 710 520 400
Maaion river
(BP-12)+(BP-17) 513 1,060 610 390

Note; The location of each base peint is described in Sectien 3.1.3.

The flood water level and its duration can bé estimated from stage
hydrograph at each base point converted ffog discharge hydrograph by
_using discharge rating curve and elevation of each point in the inun-

dated arca. The hydrograph of 100 yecar flood at Cuartero and Panitan is

3 - 16
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shown 1In Fig. i.3—32. Therefore the COncéivablelinundaéion water level
in the flood plain under the bresent condifioﬁ aréhésse§3éd by using
the probable flood yunoff shown in Fig. I.3-31 and the rating curve
shown in Fig: I.3-33. The results of calculation} water levels and
duration at’ the repreSéntétivé points fn the basin, are uééd for esti-
mation of flood démagé shown in Appendix Iil; The discharge diagram
and water level diagram under present river conditioh are shown in
Figs. 1.3-34 and I.3-35.

3.2 Flood Analysis for Fiood Control Plans

The flood analyses for EIOOd controi plang are to be performed to
the following alternative cases. The details of each alternative plan

are to be referred to Appehdix 1v.

- (A) Alternatives for Protection Areas

(a} Alternative 1
(b) " 2
(c) " 3
) v 4
(e) " 5
(6 "o

Note;' (1) The division of protective areas at each altermnative
is shown in Table 1.3-10. But, the detailed plans

and descriptions are to be referred to Appendix IV.

(2) Flood analysis is carvied out for the case of

probable discharge/water level at each base point,

(B) Alternative Dam plans

{a) Panay B dam

) "¢ dan

(¢) " B dam + Panay C dam
{d) Badbaran dan .

(&) MambUSQOanm;
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Noteé {1) In these cases} the river condition is te be under
- present one. o
(2) Flood analysis is carried out for the case of
probable discharge/water level at Panitan base,
that is, the passing discharge at each base point

except Panitan is obtained.

{C} long-term Plans (LP)

(D)

(E)

(a) ' Riber improvement + Panay B dam

{b) " + Panay C dam
{c) . + Panay B dam + Panay C dam
(e) "o + Panay B dam + Panay C dam + Badbaran A danm

4+ Maambusao B dan

Note; (1) River improﬁemént has a protective area élternative
selected by the alternative study; Alternative 4 of
6 alternatives in (A).

(2) Flood analysis is carried out for the following two

cases.

{a} Probable discharge (or Water level) at Panitan
base
{b) Probable discharge (or water level) at cach

base point

Mid~term Plan (MP)

(a) River improvement® + Panay B dam

{b) River improvement* + Panay B dam + Panay C dam

Note; (1) * Some selected arecas of protection areas for LP

(2) Probablity of Dischargefwater level at each base point

Short-term Plan (57)

(a) River improvement®** 4 Panay B dam (10 year flood)
(b) " 4%% + Panay B dam (2 year flood)

3-18
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Notes

{1) #%% Some further selected areas of protection area
for MP
(2 Probability of Discharge/Water level at each base point

The results of flood analysis of each alternatives hleach plan:

(A) - (h) above, ate summarized in the following figures.

(A)  Fig.

I.3-34 to 1.3-39

Dischargé Distribution Biagram for:

(a)
(b)
(c)
(d)
(e}
(£)

(B) Fig.

Under present river condition

dam plans under present river condition
protective areas alternatives

Ly alternatives

MP alternatives

SP alternative

1.3-40 to T,3-45

Water Level Diagram for:

{a)
(b)
(c)
(d)
(e}
(£)

(C) Pig.

Peak

(a)
(b)

(¢)
{d)
{e)

-

uvnder present river condition

protective area alternatives

dam plans alternatives under present river condition
LP alternatives

MP‘alternatiVes

SP alternatives

1.3-46 to 1.3-55

Discharge and WL at representative base points for:

Protective arcas‘alternativés

Dam plan alternatives under present river condition
(100 year ‘fldod)

LP (100 year flood)

MP (25 year flood)

SP (10 year flood)
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The followings are some descriptions about the discharge and water

level obtained from the figufes listed above.

{A) Probable Dischatge and Watcr Level at Each Base Point

_For the above flgures, it is noted that the probable discharge
and water level at each base point on the following diagrams
are those in the case that BP-17 (at Panitan) has the equiva-
lent probability. In other words, the discharge and water
level at the other base point don't have the same probability
as those at BP-17. Por exsample, the discharges at BP-3, BP-8,
BP-13 etc. for 100 year'flood are the passing discharges when
the distharge at BP-17 has 100-year probability.

. {a) Gnder present river condition
(b) Dam plans under present river condition
(¢) LP alternatives (Case 1}
On the other hand, the probable discharge and water level at

each.base point are shown in case of the following diagrams.

(a) Protective areas altermatives
(b) LP alterpatives (Case 2)

{c) MP altérnatives

{d) SP alternatives

For comparing the difference of the two cases, tﬁe 160 year
flood;discharge in Fig. I.3-34 and the 100 year flood discharge
of Alternative 1 in Fig. [.3-35 are shown below. The Alter-
native 1 in Fig. I.3-35 shows the probabie discharge at each
base po1nt under the present river condition as the Alt, 1

has the protection areas only at the downskream from BP-17.

100 year flood discharge'(m3/sec)

BP-3 . BP-8 °  BP-13 BP-17
Fig. 1.3-34 1,520 2,032 2,570 2,668
Alt. 1 in Fig. 1.3-35 2,048 2,382 2,684 2,668
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(B)

As sthn.ébove, the ﬂiécharge ét'BP—l7 show the same quantity,
while the dis@hafge at the other basé points is different cach
other and the difference is more remarkable at.the upstream
base point where the drainage basin area is much smaller than
that at BP-17.

~ The discharge and water level at each base point in case that

the probability is placed at only BP-17 are used for estimating
the flood damage and those in case that probability is placed

at all the base points are used for the plan of flood control

structures.

Discharge and Water Level for Protective Arca Alternatives

The effectiveness of flood contrel plan is examined for
6 river —improvement-alternatives with different protection

areas, The results in case of 100 year flood are summarized

below.
BP-3 BP-8 BP-13 BP-17
Discharge (m3/s) _ _ _

Ale. 1 2,048 2,382 2,684 2,668
g 2,048 2,382 2,896 3,121
"3 2,048 3,193 4,133 4,319
LA 2,244 3,346 4,457 4,524
"5 2,244: 3,346 6,497 5,401
"8 2,449 4,106 5,407 6,347

Water level (EL. m) )
COAlL. 1 22,56 16.46 12.84 10,29

2 : . 22.56 16.46 11.67 . 10.03
"3 22,56 - 18.16 13.34 11.73
"oy 22,57 18,40  13.48 11.99
v 5 22,57 18.40 13.53 12.49
L 22,92 18,15 14,40 13.42
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As seen abbvé,‘the discﬁarge and the water level -is much
different between each alternétivés,-as the areas with river
improvement is different each other.  For examble, at BP-17,
the.diséhafgelbf'Ait. 1 (the.same.aéithe present fiver con-
dition) of 2,668 m3/s is increased to 6,357 m3fs.ih case of
Alt. 6 of which prqtectioﬁ areas cover almost all the stretches
in the flood prone areas, That is, the retarding function at
each altefnétiVetéhdﬁ.the efféectiveness for reducing the peak

'diséhéfgé'aﬁd thé peak water lével.
(C) Discharge and Water Level for Dam Plans

The effectiveness of.flood control for dam blans is examined
under the'pfesen; river condition. The following are the

summary of results.

100 year flood for Dam Plans (mjlsec)

BP-3 Bp-8 Bp-13 BP-17

Present river 1,520 2,032 2,570 2,668
Panay B dam 1,366 1,934 2,481 2,612

. Panay € dam 686 1,523 © 2,099 2,302
Badbanan dam 1,520 1,907 2,461 2,599
Mambusao dam C 1,520 2,032 2,540 2,645
Panay B + Panay C 581 1,433 2,032 2,242
4 dams 581 1,294 1,872 2,111

As scen above, tﬁe efféectiveness of flood discharge control
in e¢ase of Panay C dam is the highest among for sole dam cases
though. the ef fectiveness of combined dam plan with Panay C dam
has higher than the sole dam plan. Additionally, the reduction
"rate of discharge due to dam regulation is generally higher .
at thé upstream base point and the reduction effect is decreased
at the downstream, For example, Pahay C dam can fedude the
peak dischargé from 1,520 m3ls to 686 m3fs at BP-1 but from
2,668 m3/s to 2;302 m3/s at BP-17,

3 - 22

Aih

Moy



Lo

B

(D}

(E)

Discharge and Water Level for LP

The calculation of flood runof £ is carried out for 5 alter-
natives; the river improvemeént with protection area selected
as Alt. 4 and dam alternatives. The results of 100 year

flood discharge at each base point (Case 2) are shown below.

100 year Discharge for LP (m3/sec)

BP-3 BP-8 'BP-13  BP-17
LP without dam 2,244 3,346 4,457 4,524
LP with Panay B dam 1,940 3,110 4,230 4,380
LP with Panay C dam 1,070 2,260 3,680 3,960
LP with Panay B +
Panay C _ 920 2,110 3,570 3,870
LP with 4 dams 920 1,850 3,030 3,520

As seen above, the effectiveness with Panay C dam and the
combination dams including Panay C dam show the remarkable
reduction of peak discharge at the upper reach but the effect

is rather small at the downstream reach.

Discharge and Water Level for MP and SP

The results ofwrunbff analysis in case of MP and SP and sumearized

below.
25 year flood discharge for MP (malsec)
BP-3 BP-8  BP-13  BP-17

MP with Panay B dam 1,160 1,880 2,440 2,670

MP with Panay B + '

Panay C 530 1,280 1,950 2,270
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Fldc&'dischérge for SP (m3/sec)

BE-3 BP-8

10 year flood

($P-1A) with Panay B dam -~ 790 1,090
(5P-1B) with Panay B dam 760 1,080
{SP-1A) with Panay B dam + 350 7170
Panay € dam :
2 year flood

{SP-2) with Panay B dam 400 : 530

Note; Protection area of 5P-1A and 5p-18 is different.
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4. Sediment Analysis
4.1 General

For river imprbve¢ent plén'including the construction of dam,
it is required to make a stable river channel so that the maintenance

and repair in thé future will be not frequent.

Tt is a'basic point to estimate the sediment volume as accurate
as possible for understanding the river bed fluctnation system.
In'other'words, it is necessary to estimate the following items for
preventing the any serious problems caused by rising and lowering of

river bed.

{A} Sedimenl volume in the proposed reservoir

{B} Sediment transport capacity in the river channels

The data collected by the investigation in regard to the sediment
are available in Data book and the summary is shown in Section 2.3

of this Appendix Y.

4,2 Sediment volume in Resérvoirs

In the Panay river basin, it is expected that the sediment'yjeld
from the upper river basins would be remarkably big in comparing with

that of the ordinary river basins due to the following.'

(A) In the vpper river basins, the annual rainfall is as much

as over 3000 mm in the western basin,

(B) The condition of land conservation especially in the upper
river basins is poor, thal is, the forest is scarce and

only the shrubs and grasses cover thc'upper basin lands.,

‘For estimating the sediment volume in the pr0p0$ed reserveirs
in the Panay river basin, it is decided to use the sediment data

recorded in the Jalaur river due to the following reasons.



(1)

(B)

For estimating the sediment yield, there are so many factors
to be considered. They ave the basin area, rainfall, eleva-~
tion, basin 1ellef, 50115, goology, land use and ete.

And not- —a- ~few emplrlcal or theoxet1ca1 fo:mula% have been
nade by the engineers. 1t is necessary to use the formu11
which is in confoxmlty with the actual condition of the basin.

However, the results using these formula are usually much dif-

" ferent. Additionally, no adequate existing formula was found

for the Panay river basin as far as using the data which are

available at presenl.

The Jalaur river is lécated in the Panay island and the éource

of main stream is in Lhe same mountain range of that of the

Panay river though the Panay river flows down to the northeastern
direction, while the Jalaur river to the southeastern direction.

The basin rainfall is considered to be not different so much,

The Jalaur river has the observation records of sediments
at three stations and the rating curves of sediment and

discharge arée available.

It seems that the records of specific sediment yield of the
Jalaur river are the most applicable method for estimating

the sediment yield of the Panay river basin.

There are three sediment sampling stations in Jalaur river and

the rating curve of anmnual sediment volume and drainage area is made

as shown in PRig.L 4 - 1.

But, it is not snitable to use this curve directly for estimating

the sediment in the Panay river due to the following reasons.

(A)

(B)

. The number of sampling station is only three. It seems to

be not sufficient to make such rating curve,

According to the curve between Alibunan and Passi, the sediment
volume per unit drainage area is rather increasing. This

tendency is not reasonable.
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Therefore, it is decided to take the mean of specific sediments

at Alibunan and Passi duc to the following considerations.

{A} There is no reliable dala except the records in the Jalaur

river.

{B} Drainagé arca at Pototan is too big comparing with that of

dam sites in the Panay river basin.

{C) Though some errors are expected, it is considered that the

recorded data at both stations are more or less reliable.

The specific sediment volume to be applied for the Panay rviver

basin is calculated as below.

Alibunan
Qil§%§§—lgé = 1541 m3/km2/year
Passi
Q;Ili_émlgi = 1339 @3/km2/year
534
Mean | 1440 o’ /i /year

Por the trapping percent in the reservoir, the rating curve
. {shown in Fig.l.4- 2) prepared by G.M. Brune is applicd and the results

are shown as follows.

Annual inflow Storage _
Damsi te (VD) _(vr) VR/VQ Trapping Rate

Panay A 529.7 x 10% w3 134 x 10° m3 0.253  0.94
B 598.1 119 0.199 . 0.92

C 1179.1 323 0.273 0.94
Mambusao A 127.6 38 0.298 0.95
B 342.6 70 0.204 0.92

Badbaran 393.0 102 : 0.260 - 0.94

Noté;. The trapping rate will be changed if the storage volume is

changed.



Then the sediment in flow-volume Lo the veservoir is eslimated

as follows.

Damsite " Calchment area ' Specific volume Annﬁél'séd.ihflow
Panay A 211.9 1440 n3/km?/year 0.305 MCM
B . 238.8 " - ©0.344
¢ 509.2 n 0.733
Mambusac A 72.9 " 0.105
| B ©216.6 S 0.312
Badbaran TS T " 0.399

The sediment volume trapped in the reservoir is estimated as

foilows.
Sediment Trapping Sediment Specific
Damsite inflow - rate volume sediment volume
Panay A 0.305 MCM 0,94 0.287 MCM 1353 m3/knd/year
B .0.344 0.92 0.317 1325
C 0.733 0.94 0.689 1353
Mambusao A 0.105 .95 0.100 _ 1368
B 0.312 0.92 0.287 ’ 1325
Badbaran 0,399 0.94 0.375 1352

As the results of the above study, lhe sediment volume in the

reservoir is calculated as shown below.

Annual Design Total storage Effeective

Dam site volume sediment Vol.l Vol.l storage Vol.l
Panay A 0.287 x 105  28.7 x 105 134 x 105 105.3 x 10° i3
B - 0.317 31.7 73 41.3
C° 0.689 68.9 229 160.1
Mambusao A 0.100 10.0 38 . 28.0
B 0.287 28.7 72 43.3
Badbaran 0.375 37.5 97 9.5

'If is noted that sediment volume as well as effective storage volume

shall be changed if the total storage volume at each dam is changed,
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4.3 Sediment Transporl Capacity
4.3.1 General
The rivérbed materials start to move when the tractive force of

flow or Iriction veloeity is over a eritical poinit of the materials.

There are generally two types of materials by the movement as described

below.

(A) Tractive flow materials which move by rolling, sliding, or
leaping along the riverbed with the direct resistance of

stream flow.

(B} Suspended materials whiéh move in the floating condition by

the dispersing phenomenon of stream flow disturvance.

It is desirable that Lhe sediment transpor£ capaéities are balanced
as much as possible from the upstream course to downstream course for
the stable river chammel. Therefore, it is necéssary to céﬁimate the
sediment transpbrt capacities in the river courses of the improved

condition as well as the present condition,

The annual sediment transport capacities of the river channels are
estimated by using the estimated capacities in all the ranges of discharge
and the diseharge duration of the objective river chénnels. But, the
discharge records for sediment calculalions are limited at three stations
and it is difficult to estimate the discharge duration in the improved
river channels as the runoff condition is much changed especially at the
time of flood when the sediment transport volume is remarkable. That is,
it is considered to be difficullt to get the accurate ov reliable reSults
of annual sediment transport evem if the detaiied caléulations are carried
out. But, it is also considered to be necessary Lo see.ihe_balanCe of
sediment in the river chammels not only in case of the present river
condition but also in case of the improved river condilions. Therefore,
it is decided to take the foilowing procedure for estimating the sediment
transport capacity, though the prbcedure from (C) is to be carried out
in the next stage of study, that is, after deciding the final selected

plan.

{(A) The standard section with a constant channel 1nc11nat10n is
established at each river channel in the present cond1t10n

and also in the improved condltxons.
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(B)

©

(D)

(E)

Sediment transport capacity in cach river channel at the
different case of discharge is calculated in the present

river condition and the improved river conditions by using

“the selected sediment transport formula.

The raling curves of sediment transport capacity and dis-

charge are made.

The sediment transport capaci£y'at’the discharge of 1.1 year
return period is obtained from the rating curve. The dis-—

charge of 1.1 year return period is considered to be almost

 the capacity of present river chamnel or the capaéity of

low water chaﬁnel of the improved river channel. The conver-
sion rate between the annual transport capacity and the
capacily of 1.05 year runoff in vegard to the sediment is

obtained in the Nationwide Dredging Report.

The sediment transport capacity is estimated by multiplying
the sediment transport capacity of 1.} year discharge by the

conversion rate.

4,3.2 Selection of Sediment Formula

Ror obtaining the sediment transport capacity, there are not-a-few

formulas which are commonly used. HMost of the formulas are nawmed by the

name of the researcher(s) who made the formula as shown below.

(a)

(B)

Total sediment transport capacity
(a) Brown .
(b) Engeland-Hansen

- (¢) Einstein-Brown -

(d) Laursen

(e) Einstein (Modificd)

Tractive sediment transport capacity
(a) Einstein

(b). Meyer-Peter-Muller

(c)_ Sato-Kikkawa—Ashida

{a) 'Kalinsken(ﬁfowh)
(e} Isubaki-Shimohara
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(¢} Suspended sediment transport capacity

(a) Lane-Kalinske

(b) Binstein
(¢) Practical (formuala)

These formulas are esbéblishedion the basis 6f the‘measufement

‘records at a model channel. The resulés of calculatibns by these

formulas are usually much different, that is, it is hard to find a

represeﬁtdtive'formula. Therefore, it is decided to use several

formulas and to find the reasonable sediment transport capacity from

the formula by synthetic consideration.

The following'formulas are selected to use. They are comparvatively

common formulas and the procedures of ¢aleculation are comparatively

Simple.

{a}

(B)

(c)

(D)

(E)

(F)

Brown formula (Total sediment)

974"
0s = 2.633 x 10%8 (R1)?"7/a

Fngeland-Hansen formula (Total sediment)

2 2
0s = 1.096 x 10° B&>'%> 1774

Sato-Kikkawa-Ashida formula (Tractive sediments)

5

0s = 2.705 x 10” BF (to/tc}(RI)l‘5

Tsubaki-~Shinonara Formula (Tractive sediments)

Qs = Ue-d 25 ﬂeo's(ﬁe -~ 0.8fc) x Ws x 8.64 x 104 x B
Meyen-Peler-Muller formula {Tractive sediment)

Qs = J‘%ﬁ - 1)gd3 x 8(fer - lfc')j/2 X Ws x 8.64 x 10t B

Lane-Kalinske formula (Suspended sediment)

Il

15 a Yo, _ _ 4
-;;7}-)-B x 8.64 x 10

q Co P Bx 8.64 x 10

0s = g.Ca.P exp

1l



where,

2
h

Ye

Ue

He

il

1]

Ye!=

nh

1

Sediment discharge (t/day)
Friction velocity {m/s); U = (g R I}O'S'
Grain size of bed materials (m)
iiver width (m)
Unif weight of sediment (#!mj); ¥s = 2.65_t/m3
imit wéight'of_water (t/m3); Ww = 1.00 t/m3
Mean velocity (m/s)
Hydraulic mean depth
Energy gradient of flow
Tractive force of flow (t/m2)§ ty, = W R 1
Sediment function given in Fig.ld4 - 3
Factor related to Manning's rougimess
Ps = 0.623 for n = 0.025
GCritical tractive force of bed materials (t/mg)
which is given in Pig. 4 — 3 by Iwvagaki
Function of the ratio tg/te as shown in Fig. 4 - 3
Kinematie viscosity of waterj ny = 8.5 x 1077 mz/s
for temperature 2700

Acceleration of gravity; g = 9.8 m/sec2

v/u

6.0 + 5.75 logjg (Rfdgs)

_%_ R2/3'11/2
2
¥ x4

U x J@ M
t /- 1) ga
0.047
3/2
¥(ng/n)
' 1/6

0.0192 dogg

i
@

A4
15

e
B



1.61

. b/ >
Co = 5.554 F(¥o) Slge) e xp -
q : Discharge per unit width (m?/s/m)
Ca :  DPensity of suspended load at z = {PP“)

Co : Density of suspended load near viver bed (PEM)
P : Function of Wo/U and n/n 1/6 ———<~% Sce PFig. 4-3
n ¢ Manning's eoefficient of roughness
& P(Wo): Percentage of content of the sand particles in
the river bed of which settling velocity is Yo (%)

Wo : Settling velocity of a particle (cm/s)

2 2 .
vo :{/%_+16£§ Ry ETTE } FEE
Sgd

Ws - :
3 = Yor - 1

3.,
) : Kinematic velocity of water = 0.01 cm /s

4.3.3 Analysis of Sediment Transport Capacity

The analyses of sediment transport capacify are carried out by using
the formulas selecled in the previous sﬁbsection and the results of sieving
test for the river bed materials sampled during the study in the field.

The calculation sheets ave attached in Data Book. It is confirmed that
the results of calculation are too much different though such results

are more or less eéxpected.

It is decided that the.fesuits of following formulas are to be used
for the further study as these formulas are comparatively adequate for
the river conditions of the Panay river. For example the Brown formula
and Engeland-fHlansen formula re available for the flat river bed where no

flow resistance due to the Tluctuation of river bed is expected.

(A) Tractive sediment
{a) Sato-Kikkawa-Ashida formula
(b} Meyer~Peter.Mu11er formula

{(B) Suspended sediment

(a)} Lane-Xalinske formula



| 4
The results of calculation by the above foriulas are swnmarized
in Table I.4-1. '
The results will be available for the further sfudy of river
improvement plans.
«
2]
4
A
4
#
Y
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5. Sallne Water Analys1s
5.1 General . _
It is considered that_thé saltwater intrudes into the Panay river

from lwoe courses, that is, the Pontevedra river and the lower Panay river.

In the lower Panay river, the flow from the main Panay viver is

" yegulated or limited due to the sed1mentat10n at the upstream Loursea,

that is, at the just downstream from the b1furcat10n with the Pontevedra
river. Kspecially in the dry season {generally from February to April},
the inflow from the main Panay river becomes smaller as the water level
alt the main Panay ri?er is ‘low. In this condition, the water for irri-
gatlon is pumped up from the lower Panay river and the equlvalent volune
is usually supplied from the downstleam, that is, from river mouth.
Especially at the high tide, the saline water 1ntru31on_1eaches to the
upstream course as the adverse flow against‘the-saltwater intrusion is
not sufficient. This present situation causes the serious problems

especially for the domestic water supply to Hoxas city.

There avre the folloﬁihg two meihods to prevenl the present preblems

in regard to the saltwater intrusion to the lower Panay river.

(A) Sufficient fresh water is supplied from the main Panay

river by dredging or Lhe other methods.

(B) Checking the saltwater intrusion at the downstream

course of lower FPanay river by constructing a barrier.

In the Ponlevedra rlver, the eiltwatél intrusion is not remarvkable,
that is, the saltwateyr usually does not reach to the town’ of Pontevedra

at present, posslbly due to the much sedlmentatlon in the river mouth.

‘But, this condition will be changed when the river channel imprevement

works are realized as the rlver bed is much Lowered by dredglng.‘ If the
saltwater 1nt1us1on reaches to the blfurcatlon point of Pontevedra river
and lower Panay river, the saltwatei w111 flow into the lower Panay 11ver_
and makes the serious problem for thé water supply to Hoxas city. There-
fore, it is necessary to estimate the conditions of saltwater intrusion

to the Pontevedra river in case of river improvement plan.



The sallne watel analyqls from the lower Panay river is io be not
.ca111ed out. as there Jis no! plan of rivey 1mprovement in the lover Panay
river except the dredging al the upstleam course., In this section, the

analysis of saltwater intrusion in Pontevedra is to be studied.

5.2 Saline Waler Intrusion Analysis
5.2,1 General

The analysis of saline vater intrusion in the Pontevedra river in

the improved river condition is carried out by the following procedure.

_(a). Judgement of intrusion type
{b) Decision of analysis method

(c) Analysis and conclusion

5.2.2 Type of Saline water Intrusion

The Lype of saline water intrusion is to be decided by the following.

C;>.0.7 ' Weak mixture

0.2<:(]<:0.5 Moderate mixture
c<C 0.1 , Stroﬁg mixture
T
where, C = T

0 1 Mean inflow discharge of river (m3/s)'
P ¢ Cycle time of tide; 12 hours

Pt: Tidal prism, volume of water
between MLLWL and MHHWL (m3)

Q is assumed to be 10 m /5 which is almost the 95 % dependable dis—
charge of pxosent natn;al flow and the 804t dependable dlscharge after
taklng the max. water 1equllement for 1r11gat10n and M&I water. The
back data are to.be rcferrcd to Subsection 2.2.8 "Dependable Discharge"
and Seetioﬁ 2 “Wafef Budget®,

For calculatlng P, MHHWL and MLLWL are decided at respectlvely
Fl 1.00 m and El1.-0.12 m {to be referred to Subsection 2.4 wpPidal Water")
" and the_lmproved river-widih is assumed to be 80 m which is the river bed

vidth of Bl and B2 plans.

&9



C is calculated_as below.

. 100 x 12 X 3,600 __ o

T 2x 1.12 x 80 x 23,000 ©

It is judged that the type of saline vater intrusion is almost a

sbrong mixture,

5.2.3 Analyses of Saline water intrusion

In case that saline water intrusion is classified as the type of

strong mixture, the method of tidal prism is available,

The model of this method is shown in Fig.l.5-1. In this model, the

following conditions are assumed.

(a)

(b)
(c)
{a)
{c)
)
(@)

River cross section is rectangle and the river bed widih is
80 m, '

River bed olevétibn.is that of improved river channel.

MAHWL is E1.1.00 m and MLLWL is E1.-0.12 m.

Tidal eycle is 12 hours.

The mixfure zone of a concentration is nof changed.

The wvolune of mixture zone is not changéd at MLLWIL, and MHHWL.

The upstream end of mixture zone al MLLWL and the downstream

end of mixture zone at MBHWL is the same.

The method and procedure for caleculating the saline water concenlratian

are as follows.

(A)

(n)

Assumption of Discharge

The inflow discharge is to be assumed first. 10 m3/sec and the
ather discharges are to be assumed. The following procedufe are

to be done for each discﬁarge.'

"Assumplion of the upsiream end of mixture zone at MLLWL

Several locations for each discharge are to be assumed and the
following procedure is to be done for each assumption of the

upstream end.



(c)

(p)

(£)

(F)

Calculatlon of the extreme end of saline water

 The extreme end is the p01nt vhere the accumu]ated volume of

river fiow during the water level rising from MLLWL to MHHWL

is statloned'at the upstream end zone. The volume is cal-

-culated‘as below.

Po = Qg x 60 x 60 x 6
21,600 O (m )

]

Calculation of the downstream end of mixture zone at MLLWL

The downstiream end is caleulated by assuming the volume of zone

belween the upstream end of mixture zone (assumed in (D)) and

the extreme end of saline water (obtained in (C)) above MLLVWL

is the same as the mixture zone at MLLWL.

Calculation of the upstream end of saline water intrusion

The upstream end of saline water intrusion is calculated by
assuming the volume of mixture zone at MLLWL and that of MHHWL

is the same.

Caleulation of saline ¢oncentration

For the calculation of saline water density, the following
calculations are to be performed. Fig.h6-1 is to be referred
1o the following.

(a) 1, = L N
n Pn + Vn

(b) on R

n

Il

where, Qn : Volume of fresh water

R : River inflow discharge volume dullng
a tidal cyele (12 hours)

{c) Baline density

CPadiVn-on |
Ds = SeeHe R X 18,000 (mg/{)

B



The results of caleulation are shown in Fig. [.5-2 as relation
curves of distance from the river mouth and density (concentration) at

some cases of river discharge.

5.3 Intake Pericod

The intake pericd of time at the intqke in the lower Panay river

-

for M & I water supply to Roxas bity'is'05£ima£6d in this Section.

{1) Intake hours

~,
a

Fig. 1.5-2 shows distf{bution of salinity concentration on a condi-
tion of MUHWL..  And the distances from river mouth where the saline |
concentration become 200 mg/1 are shown in Fig. I1.5-3. 200 mg/1 is the
limit for domeslic water supply in the Philippines. If the walber level
lowers from MIIML to HLLWL,-Salt water moves to downstreaw. - Assuming
that salt water moves in proportion to waler Ievel; the intake hour is
calculated by the following equation. Fig. I.5-4 will be available for

understanding the equation.
T = {180 + 2sin t {h/0.56)) /360 x 24 (hour)

where, T (hours}: _Intdkg hours
h(m) ¢ H-0.44"

‘H (m) i H=1.00 - 1.12 x L/Lo
. Upper limit water level not to takein salt water

L (km) : * Distance frowm the junction to the point where
concentration is 200 mg/l on a condition of MHHWL

Lo {km). : Moving distance of sallwater zone when the water
level lowers from MHHWL to MLLWL,
Lo = {1.0-(-0.12)})) i = 5,600 m

1.00 (m) = MHHWL

1.12 (mi : Défferehcé of elevation between MHHWL and MLLWL
0.44 (m) : MSL

0.56 (m) : Half of 1.12



Results are shown in the following Table.

Discharge {m3/sece) L {km) H {m in BL) T (hours)
10.0 - . g
9.0 - -4,2 0 - 24
8.5 “1.7 - 24
8.0 ‘ 0.0 1.0 24
7.5 1.5 0.7 19.1
7.0 3.1 0.38 17.7
6.5 5.0 0.00 . 8.5

6.0 7.1 -0.42 0

{2) Flow in the Lower Panay River

. The type of flow in the Lower Panay river is aclually unsteady flow
as water level varies at the junction and accordingly the inflow varies,
Howevér, it is approximately analyzed as non-uniform-flow on a condition

of water levels.
The flow analysis is to be performed on the following conditions.

(a) The flow dereases in proportion to the distance from the
junction as the water is pumped up by pump facilities along
the river (refer to Fig. 1.5-5).

{b) Initial depth at ROX-WD pump station is 1.0 m.

(e} Coefficient of roughness {n) is 0.04 in Manning formula.

. Rig, 1.5-6" shows the 1nf10w and water level at the Junctlon. The

calculation sheets of non-uniform-flow are to be attached in Data Book.

(3) Intake Volume

On a condition of cach diéchafge in the main Panay river, maximum,
minimum and average inflow to the Lower Panay rivér are shown in the
following table, where the maximum is the flow when water level at Lhe
junction is H (upper llmlt water level not to take in salt water) and

the minimum is the flow when the waler level is MLLWL,



N W

Inflow (m3/sec)

Discharge Maximum
8.0 6.0
7.5 : 44
7.0 3.1
6.5 2.0
6o 1.1

Minimum

1.8
1.8
1.8
1.8
1.8

Average

3.9
3.1
2.4
1.9
1.4

The  intake volume is the average rate of flow multiplied by intake

hours as follows.

DlSChBer Average rate
(m? /scc) of fiow {m3/sec)
8.0 3.9
7.5 3.1
7.0 2.4
6.5 1.9
6.0 1.4

(4) Consideration

Intake Volume (mjfdaxl

Intaké'hours Intake volume

(hour)

24
19.1

17T

8.9

(n’/day)

336,960
213,156
152,928
58,140
0

The total capaéity of pump faC111t1es along the upstleam reach of

ihe ploposed tide gate is about 1.07 m /sec, or 92,000 m /day. If inflow

volume is less than 92,000 m /s, the water flowing 1nto the river will be

used up for 1rr1gat10n purpose and doesx

pump station for M & 1 water supply.

1wt reaches up to the intake of

Thcreforo, the inflow volume reqnlred is more than 92,000 m /day,

which is equivalent to more than 6.7 m /sec of discharge as shown in

Fig. 1.5-7.



6. ¥ater Budget
6.1 General

The water budget calculation for the Panay river basin is done on

the following conditions,

{A) Irrigation water already taken ab bresent by National irrigation
systems {NIS), Communal irrigation systeh (CIS), Pump irrigation
system {PIS), and other private irrigation systems shall be
nol considered for the ﬁater budget calculation. That 1is, it
is assumed that the present use for irvigation have been
continued in the past and would be not changed in the future,
theréfore; the observation of stream flow have been carried out

in the condition of the present water use for irrigation.

(B) 1t is assumed that the intake loss is negligibly small. That

is, the intake efficiency can be neglected.

{C) It is assumed that the water can be taken in prior to the river

maintenance flow.

(D) It is assumed that the municipal and industrial water can be

taken in prior to the iirigation water.

(E) It is aﬁsumed that the return flow of used water happens in the

same month and the rate of réturn flow is 56% of used ﬁater.

(F) Tt is decided that 95% dependable flow shall be sufficient for
the M & I water requirement and 80% depend&hle flow afler
taking M & I water preferencially shall be sufficient for the

irrigation water requirement.

6.2 DPiagram
The schematic diagram for vater budget calculaltien is shown in

Fig. I.6-1.

For naklng the diagram and calculations as simple as possible, the

followlng three locations are de¢ided for the representat1ve intake,



(A) 1Intake 1 is located in the Panay river at just downstream of
confluence with the Badbaran river for the municipal and in-
dustrial (M & I) vater use of Cuartero, Dao, Dumalag, and

Dumarao.

{(B) Iﬁtake 2 is localed at Mambusao weir in the Mambusao river
for the M & I water use of Mambusao and Sigma and the irri-

gation water use of Mambusao area.

{C) Intake 3 is located in the Paﬂay river at just downstream of
confluence with the Maayon river for the M & I wvater of Panitan,
Maayon, Panay, Pontevedra and Rexas city and the irrigation

water of Panitan-Panay area.

At Intake 3, the actual intake for M & I vater of Panay and Roxas
city is located in the lower Panay river. Bul, it is assumed that the
water can be taken al the intake in the Panay river at just downstream
of confluence with the Maayon river for making the water budget calcu-

lation simple.

6.3 VWater Requirement
The water requirements at prcsén£ {(1983) and in the future (1990,
2000, 2010, 2020 and 2030) are estimated. The requirements at the
following purposes and locations are shown in Table I.6-1. -
(o) at Intake }

Ul : M &I for Cuartiro, Dao,'Dumalag and Dumarao

(B) at Intake 2

U2A: H & 1 for Mambusao and Sigma

U2B: Irrigation for Mambusao Project area

(¢} at Intake 3

U3A: M & I for Panitan and Maayon
U3B: M & I for Roxas city, Panay and Pontevedra

U3C: Irrigation for Panitan-Panay projéct area



Poz the monthly water requlrement of irrigation, the requlrement

in the year with 5-year return period is uscd.

The water reguiremenl for ifrigation is monthly variable. There-
fole, the month of uh1ch water balance seems to be most seve:e is selected
by comparing ‘the 1equ1rement and the monthly average discharge. It can
be said that the water in the other months is sufficient if the depend-

‘able discharge in the month is more than the reduiremenb.

‘The month used for the water budgel calculation of irrigation use

at Intoke 2 and 3 is decided as follows.

(A) at Intake 2

February and June

(B) al Intake 3

“April and May

6.4 Dependable Discharge

The dependable discharge is a possible intake discharge with a

certain dependability such as 95% and 80% of the peried.

For obtaining the dependable discharge, the daily average discharge

records at the following gaging stations are available.
{(A) Cuartero gaging station (1956 - 1978)
(B) Mawbusao gaging station (1950 - 1977)

The following procedures are taken for obtaining the dependable
discharge at the intake.

(A) ‘The dependable discharge at these two stations are calculated

from the daily discharge records.

(B} The conversien rates from the records at a gaging station to
_ the records at a intake point are calculated by using the '

praportion of ralnfall and catchment area between the twe p01nts.

ﬁ%



{(C) The depcndable dlscharge at the intakes is obtained by the
dependable discharge at & gaging station multiplying by the

conver51on rate.

The results Lo get the dependable discharge at the intakes are

" shown in Table I.6-2.

6.5 Water Budget

The summary for comparing the waler requirement and the dependable

discharge is shown in Table 1.6-3.

It is concluded that the dependable discharge fulfills the water

requirement al all the intakes. That is, 95% dependable flow fulfills

the requirement of M & I and 80% dependable flow fulfills the requlren
ment of irrigation even in the month when the water budget scems to be

most tight.

Further, it is noted that the 1nczementa1 discharge would be
expected if the Panay B dam is constructed. That 1s, the effect of
lowflow augmentation by the flow regulation for hydropower géneration

of dam may inecreased the discharge in dry seasons.



vy
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