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Preace 7 %’ff/

The Overseas Techmcal Co-operation Agency (OTCA) has the pleasure of presentmg the
report on the Flood Forecasting and Warning System in the Pampanga River Basin of the Survey

‘team which was orgamzed and dispatched to the Philippines by OTCA upon instruction from

the Government of Japan as.a preliminary survey on the E‘.stabhshment of Comprehensive Plan

of ‘the Flood Forecastmg and Warning System.

The team stayed in the Phlhppmes from 19 November to 18 December 1969 and suc-
cessfully completed the field survey including discussion with the Authorities concerned, and

collection of data with the whole-hearted cooperation from the Government of the Philippines
- and other relevant organizations.

After its return to Japan, the team made further studies on data and information, and the

_results were hereby compiled into the present report for presentation.

Finally, on behalf of OTCA, I \#ish to take this opportlinity to express my sincere gratitude
for the generous cooperation and assistance extended to the team during its stay by the
Government of the Ph1hpp1nes '

March, 1970

- JIEA LisraRy f /d‘é—-—é.
Hllmmlmllﬂl”mlmlﬂmlml Keiichi Tatsuke

Director-General

N : R verseas Technical Cooperatlon Agency
T Tokyo, Japan
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CHAPTER 1. INTRODUCTION

- 11 Foreword

The Pampanga River drains the Central Luzon plain which is the granary of the country. The area-
- suffers a tremendous amount of flood damage which comprises more than one fourth of the average

annual flood damage (about $7.2 million 1960 prices) suffered in the 13 major river basins in the
Phlllppmcs :

The basin which is located near the city of Manila is densely populated. Expected rapid economic
development in the arca  will increase the flood damage correspondingly. There is an urgent necessity,
therefore, for establishing-a flood forccastmg and warning system in this area as well as carrying out the
flood protection works.

The Philippine Government has confirmed its selection of this river basin for the establishment of
a_pilot flood forecasting and warning system as a part of the action programs agreed upon by the
ECAFE/WMO Typhoon Committee at its inaugural session held at Bangkok in December 1968.

The Government of Japan, with the view of further promoting technical cooperation between the
Philippines and Japan and mindful of the action programs decided upon by the ECAFE/WMO
Typhoon Committee to which both Governments subscribe, has decided to make available to the Govern-
ment of the Republic of the Philippines the services of a team of experts for the feasibility survey of
the Pampanga River Basin for the purpose of evolving a comprehensive plan for the establishment of a
pilot flood forecasting and warning system in the basin.

1-2  Members of Survey

The Survey Team consisted of a chief, a special consultant and seven other members; three river
engineers, three hydrologlsts a meteorologist and two telecommunication engineers as follows.

Mr. Yutaka Inada Chief of the Team Consulting Engineer, River Bureau,
Ministry of Construction

Dr. Toshio Takenouchi Special Consultant - Professor, Civil Engineering Department,
' Tokyo Institute of Technology

Dr. Kiyohide Takeuchi o Meteoro.IOgist : Deputy Head Applied Meteorological
o ' : Section, Observation Division, Japan
Meteorological Agency .

Mr. Terumi Nawata - _ River Engineer ' Deputy Head, River improvement
: Division, River Bureau, Ministry of
Construction
Dr._ Takeo Kinosita Hydrologist - _ Head, Section of Hydrology, Public Works

Research Institute, Mmlstry of
Construction

- Mr. Takayoshi Yamamoto River Engineer . ~ Chief, Operation Control Center for the
Tone River Dams, Kanto Regional
Construction Burean, Ministry of
Construction
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Mr. Osamu Tsumura = - Telecommunication Engineer Deputy Head, Electricity and Tele-
o communications Division,  Minister’s
Secretartat Mmlstry of Constructton

Mr. Ken-ichi Sasaki Hydrologist : _ Deputy Head River Piannmg
Section, River Division, Tohoku' Regional
Construction Bureau, Mmtstry of
Constructton

Mr, Kiyoshi Yamanaka . Telecommunication Engineer - - Engineer, Electricity and Telecommunica-

tions Division, Minister’s Secrctarmt
Ministry of Construction

1-3 Schedule of Survey

Having arrived at Manila on 19th of November, 1969, the Survey Team consisting of nine members
conducted an on- the-spot mvestrgatron covering ihe fo]lowmg items, for one month till 18th of
December.

I.  Reconnaissance survey on the Pampanga River Basin..

2. Review of the existing network of meteorclogical ancl hydrologlcal observauon stations and their
telecommunication systems

3. Collection and study o'f_ existing meteorological and Et;drological' data,

4. Synoptical analysis of the metecrological situalior_ts '\ul.tich cause tnajor floods on the basin,

5. Case studies of major floods.

6. Survey and data collection on damages and behaviors of floods on frequently inundated areas.
7. Looking over related river imprdvement projects and water .resottrces dev'el.opment projects.

8. Collection of basic data concerning regulatton, technical standard and equ1pments for lelecommumca-
tion facilities whrch are - adopted Nnow . S

9. Preliminary plan on a map for the telecommunication systems and'factlities :

10. Cost estimation for necessary facilities and mamtenanee ‘of the tentattvely proposed flood Forecastmg '
system. ‘ :

: During their stay in- Mamla, they made the survey of the Pampanga River Basm in four .

times along with the collection of necessary. data; they maile the observations of river regime, present

state of river improvement, overall conditions of the. tiver basms and present situation of inundated area .
and of gauging facilities, besides the selectton of su1table site - to establrsh necessary t"acrlttles for flood.
forecastmg and warnmg

After having completed the recornaissance, the Survey Team submltted their Intenm Report to Mr.
A. B, Deiena, Director-of ‘Bureau of Public Works, and Dr Kmtanar Dlrector of Weather’ Bureau of the
Phl]lppmes on 16th of December ]969 :

Using the data and mformatlons obtained by the on- the-spot mvestlgatlon the Survey Team
- conducted further the necessary analysis for establishing a system of flood. forecasting and warmng, the
design of facilities to operate the system and.the estimation of construction costs, as well as. the
exammatlon of the system orgamzatton of whlch results are’ put together m this report



14 Summary of Recommendatuons

The Survey Team make the following recommendatmns for the flood forecaslmg and warning system of
.Pampzmga Rwer, on the basxs of the reconnmssance and the analysis and the ‘examination of the collected data.

L Itis desuab]c for the target arcas of the ﬂood forecasting and warning at the first stage to include
the foilowmg three areas in the river basin which have comparatively large population and properties and
suffered frequent flood damages. The other areas are recommended to be covered gradual]y by the
~extention of the system in the second stage.

(1) Candaba area
- (2) - Right bank area of the main Pampanga River below Arayat
{3) Delta area below Apalit

2. The effective method of collecting the rainfall and water stage data for flood forecasting and
wammg is to apply VHF telemetering system on unmanned stations.

3.0 In view of the fact that the ﬂoods of Pampanga River are caused by localized rainfall groups,

" further investigation and examination need to be made in future of the representativeness of any gauging
. station for areal rainfalls. Therefore, thé present gauging network selected for flood forecasting and warning;
is selected so that flood forecasts to the target stations will be made basing on the water stage data in the
upstream basins of the Pampanga and the Rio Chico Rivers from which sufficient time can be secured for the
propagation -of the flood, and on the rainfall data for the contribution from mid and downstream basins.

As 1o the contribution from the Angat River, being a big tributary, the water stage data in the basin wili
be used for thc forecasung

"4, The layout of the network of gauging stations at the first stage is as follows . The water level gauging
stations will function concurrently as rain gauge stanons so that the efficiency of data collection may be
improved.

(1) Rainfall data to be used for flood forecasting will be those collected from the gauging stations
of Sapang Buho, La Paz, San Vicente, Papaya, Biak na Bato, Arayat, Candaba, Apalit, Ipo Dam and
San Rafael, and water stage data will be those collected from Sapang Buho, La Paz and Ipo Dam.

(2) Afayat, Candaba and Apalit stations will be the target stations on which flood forecasts should
be issucd and at the same time observed stage data at the starions will be used for the forecasting.

- (3)  Water stage data of the San Vicente station will be used for checking the issued forecast and
knowing the inflow into the Candaba Swﬂmp through the proposed ﬂoodway.

5. The dls;charge lsed for hydraullc computatlon of the storage of the Candaba Swamp is the sum of that

“obtained from the water levels at Sapang Buho and La Paz for the upstream basins, that obtained by run-

off computation ‘based on the rainfall data of the respective gauging stations for the mid and downstream

. basins, and that obtained from the water level at the Ipo Dam for the Angat River. It is possible by this
computation to make the forecasts of the water level with fairly high accuracy to the target areas aboul one

day in advance. : : :

6. In order to transmit the data observed at the respective water level gauging and the rainfall gauging
statjons to the control station in Minila, it is proposed to establish one repeater station on Mt. Arayat,

Case I, or two stations at Cabanatuan and San Rafacl, Case II. After the serious consideration of these two
" proposals, it Is believed that the .Case 1I should be adopted, since the easiness and reliability of maintain-
ing the flood-forecasting and warning facilities are. the most important factors for the operation of them,
Although it may have a disadvantage of slight increasing in construction eost at the present moment,

_Before making the final decision, further consideration is required according to the results of the on-the-
spot test of the electric field strength among the repeater stations and the control station.



7. It is desirable to make further mvestlgatlon into the represcnlatwencss of rain gauge stanons to the
area in future.

8.  The existing wcather radar is to be used effecuvely as it can catch a commg storm’ outsu]c of the

telemetering network, and also measure the ramf all mtensnty quailtatwely in the .areas between thc te]e-
metermg rain gauge stations.

9. The ﬂood forecasting. will be made byh'the forecasting- center to be established in Manila, using the
rainfall and water stage data provided by respective gauging stations ‘and various informations supplied from

Metercological Bureau and B.P.W, The required number of persons for- flood forecasting w11] be about ten
for the time bemg

10.  Monitor stations will be established at.Sulipan, Apalit. The Apalit monitor station and the
Cabanatuan repeater station will function as the centers to collect and transmit mformallon respectlvely
for the mid and downstream and the upsiream areas, ' :

11.  Flood forecasting and warning will be disseminated mainly by radio broadcasting.



Chapter 2.~ Present State of the Basin of the Pempanga River
21 General Condition of Basin Situation

The Panpanga River flows through the middle of the Luzon Island and the north of Manila. It drains the
arca spreading from lat. 14°45°N to 16°10°N and from long. 120°20°E to 121°15’E, which covers a part
or whole of the provinces of Pampanga, Bulacan, Tarlac, Nueva Ecija, Rizal, Nueva Viscaya and Quezon,

Catchment Area

The Basin of the Pampanga River faces Manila Bay on the south and is bordered by the Sicrra Madre
wountains on the east, the Caraballo mountains on the north, the Tarlac River and the Agno River on the
northwest and the Zambales mountains on the west.

It has the total area of 10,540 knnz, of which 8,550 _kmz is the upper basin of Calumpit.
Topography

The Basin of the Pampanga River is divided into three kinds of topography; mountain, hill and plain,
Tite .mountains show dense contours ‘of 100 m intervals on the map on a scale of 1:250,000, that is,
they have stecp slopes or their surface forms are very rugged. The Sierra Madre and the Zambales
mountains make. up the major part of them, including Mt. Arayat. They are composed of Mesozonic and
Tertiary deposits and Tertiary and Quaternary volcanic rocks,

The hills are represented by sparese contours on the same map. The areas are distributed widely
rolling gently at the foots-of the mountain ranges on the east and west. They include the valleys between
the mountains and the terraces on the river shores and are fargely composed of diluvial deposit.

The plains occupy the areas on the same map where slmost any contour is not recognized, that
means they are flat lands composed of alluvial deposit with swamplands included.

These three divisions share respectively about one. third of the total area, as shown on the Table 2-1,

‘Main Stream

_ The main stream of the Pampanga River has its source in the Caraballo mountains and flows
?pproximalely to the south. for about 260 km draining water into Manila Bay. The distance to the main:
points from the river mouth is shown on Table 2-2. The main Pampanga River will be divided into 1he
following sections lakmg into conSIdcratlon of the topography and geology of the basin.

1.. From its source to Sapang Buho - The river ﬂows through the mountains from its origin to Rizal.
. Pampanga is the name given to the lower reaches from the confluence of the Carranglan and the
Pantabangan Rivers. At Sapang Buho, it joins the Santor River of about the same dimension. The
zmnual runoff‘ there is about 1400 mm. : '

-2, From Sapung Buho to Arayat -- In the vicinity of Sapang Buho, the river flows through the valley
between hills, with the bed slope of about 1/1000. The river bed slope decreases gradually toward down-
stream, being 1/2000 and 1/3000 respeciively in-the vicinity of Cabanatuan and Cabiao, along with which
the surrounding topography changes from hills to plains. There lies the San Anionio Swamp between this
river and the Rio Chico River upstream from the confluence of these two rivers. The length of the stream
"in tlus section is 108 km. '

3. From Arayat lo Calumpit - The embankment is built on the right bank and the Candaba Swamp
_e;gtehds widely to the left side. Downstream from Candaba, the profile of the minimum water levels in ‘the
channel shows. almost horizontal line and even at the time of flood.the water surface slopes is about

1/7000. 'All of this section js under the tidal influence. The Angat River joins it from the left at Calumpit.
" The length of stream in this section is 45 km.’ ' B - : :
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~Table 2-1. Areas classified toﬁograbhica]ly of
' - the Upper Basin of Catumpit

mountains ~ hills © plains - - Total
km?2 . km2 km?2 ‘km?
Upper Pampanga 1,238 662 0 - 1,900
Middle Pampanga 323 . 567 488 1,378
*. Upper Rio Chico . . = 288 412 1,060 . 1,760
Lower Rio Chico - ' 42 79 767 1,088
Candaba Tributaries 77 663 ' 745 1,485
‘Upper Angat 623 17 0 640
Lower Angat 61 200 38 299
Total 2852 2,600 3,098 8,550
Percentage 33.3 304 363 100

Table 2.2° Distance from the river mouth

- River mouth = Okm
Sulipan, Apalit _ : - 25
Candaba - - 52
Arayat : _ 69
Cabanatuan ‘ . about 140
Sapang Buho ' 177

Note:  The distance is measured along the right bank side of the low water channel, on the map of
a scale of 1:50,000 issued by. the Government of the Philippines.
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4. From Calumpit to the river mouth -- This section forms a delta with.the main streaim branching
into several channels. In the vicinity. of Calumpit, there are three outlets leading to the delta from the
Candaba Swamp, including a flood" divéfsion- channel k- The three bBridges of National Road No. 3 span
these autlets. This area is also undét tidal influéhcé except at the time of flood.

LR LT T Py A U G e -

N O S
t

Principal ‘Tributaries and Swamps BE sedal

The prmc1pal tnbutanes are the Rio Chlr.o 'md the Angat Rlvers

The Basin of the Pampanga Rwer is characten?ed markedly by its two swamps;’ Candaba Swamp
lying betweeén the Angat and the Pampanga Rwers and” Sdl’l Antomo Swamp betw‘een lhc R:o ‘Chico and
the Pampanga Rivers. . _ Lo

Thelr surface areas and volumes vary wnth the magmtude of ﬂoods Durmg the ﬂood in Augusl
1960, the total surface area of these two swamps was about 344 km? (342 km? according to A~ Report
on the Upper Pampanga’ River Project, prepared by the United States Bureau of Reclamation), represemmg
3.3% of the whale of the Pampanga River Basin.: The volume is estimated to be 1,700,000,000 m? for
the same flood. It corresponds to 200mm 1n dcpth covering the whole area of the Pampanga River Basin
upstream {rom Calumpit, which means very'great. retardation .effect. to reduce. the peak dlsch'lrges of floods
on the lower reaches. Table 2.3 shows the dlmensmns of the swamps.

The Basin of the Angat River covers 939 km?2, or about 9% of the whole Basin -of the Pampanga
River. The Angat River is located in the southeaslern part on the whole, and most of its basin is-

in mountainous district recelwng much rainfall, wuh conscqucnt:al y;cld of much runoff. The annual runoff
reaches 2400 mm. S R A L S :

There are the Angat Dam and the Ipo de below the former and water stmcd in thesc dams is used
for irrigation purpose. - Because the Angat River general]y drains water in the carlier S[dge “of ﬂnud the
initial ponding of the Candaba Swamp is effected by this contribution. S

The Rio Chico River has the basin of 2,848. k1112, sharing for about 27% of the whole Basin of the
Pampanga River. This river originates in the northem mountains and a greater part of the basin is plain.
The annual runoff is 1400 mm. The Rio Chico River and-its tributary, the Talavela River; ﬂow into the
San Antonio Swamp, branclung out into small streams. . S

Division of Basin o o R Y TR

In order to understand the topography of the wiole basin it will be convenient to divide it into the
following sub-basins, corresponding to the four divisions of the Pampanga River channel mentioned above.

Upper Sub-basin

The portion of the Pampanga River upstream from Sanpang Buho will be designated as the upper
stream. The Santor River of the same dimension as the Pampanga River joins it at this point. The
characteristic of this sub-basin is the high percentage of mountainous areas, Furthermore, this sub- basin
‘recefves comparatively small rainfall seeing from distribution of rainfall associated with floods so far.
Most of the mountains are covered with forest. Some portions are grasstand. lt has a small populauon

The portion of the Rio Chico Rtver upstrcam from La Paz w1]l be de51gnalcd as the upper stream of
this river. Talavera and other tributaries, join it at this point.
It is s:gmﬁcanl to designate the portions upstreamn from these pomts as upper basins, in view of ihc shapes
of basins and the longitudinal profiles of the rivers. "As the river channels downstream from three sub-.
basins are suff“c:ently long, it is-believed thut necessary time can be adequaiely secured.to gwe the forecnst
of flood _ :



Table 2-4 Annual runoff of respective basins

. S Drainage area - Mean discharge Annual rupoft
Sub-basin - Gauging station . " km2 m3/s mm/year
Upper Pampanga - Malate 2,015 92.07 1,442
Middle . San Agustin 6,487 272.23 1,324
Upper Rio Chico Catalanacan 284 8.27
' ' Pason Intsik 208 12.13
Lomboy 261 12.14
Sub-total 753 32.54 1,364
Angat Pulilan 959 73.06 2,404

Note:  Mean discharges are the averages for 3 years from 1960 to 1962, calculated on
the basis of Surface Water Supply Bulletin,

Table 2-3 Dimensions of swamps
' . | 2 Storage :
# 2
Swamp Surfape area Voluma * Drainage area 2/3
_ San’ Antonio 124 km?2 700 x 108 m3 6,126 km2 110 mm
Candaba 220 1000 x 108 2424
Total 344 1700 x 108 8.550 200

* Flood in August 1960
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Middie Sub-basin

The middle sub- basm is the portion dlong the Pampanga’ River dowistream from Sapang Buho and
the R10 Chico Rlver downstream from La Paz to the confluence of these rivers.

In this sub-basin, tribufa'_ries such as the Cabu Rivér'aﬁd the Peﬁaranda River join to the Pampanga -
_River at its left bank; these rivers flow down from'the Sierra Madre mo'u'nta;ins lying-in the caét

The Rio Chico River is ]omed at its right bank by the Bamban River whu.h flows down from Mt
Pinatubo,

This sub-basin includes the San Antonio' Swamp.

The land use in the swarnp is not yet developed but other flat land is Lult:vated as paddy fields.
Hills are used as padcly f“ elds by irrigation facilities or as fields and stock farms, .

Candaba Tributaries

Many tributaries flow into the Candaba Swamp, the principal ones among them being-the San Miguel,
the Garlang 'and the Massim Rivers. Their catchment areas are mainly hills, from which runoff has the -
direct influence an the water level of the swamp. They receive comparatively much rainfall. They have
a large population and people are actively engaged in apriculture. :

Angat Sub-hasin

Most of this sub-basin is occupied by mountains. Its geological composition is of Cretaceous
greywacke and Tertiary shale, sandstone, and conglomerate. it reccives comparatively much ramfal]
Wide area is irrigated by the reservoirs of the Angat and the [po dams.

Delta Area

Down stream from Calumpit, the Pampanga River branches out into several streams and forms a-

" typical delta. There are many paddy fields on the upstream portion and many fish ponds on.the down-
stream portion near to Manila Bay. This area is inundated for many days at each time of flood.

In normal condition, the tidal oscillation of Manila 'Bay fluctuates the river water level and also the
water level of fish ponds.. This area has a large population, and people are ¢ngaged in agriculture and
~fishery. o ' :
2-2  Characteristics. of River Channels and Behavior and Damage of Flood
2-21 Characteristics of River Channels
The following characteristics may be mentioned for the channels of the Pampanga River system.

1. The two large natural retarding basins of San Antonio and Candaba Swamﬁs lying in series in the

midstream of the system have an effect to control floods, as'a result -of which, in the river channels

downstream from the San Antonio Swamp, any rise of the water level durmg floods is small even lhough

the flood discharge itself is larga :
2. : On the other hand, there are very great rises of the water levels in the ch:mnels during floods, of

the upperstream of the Pampanga and the Rio Chico Rivers flowing into the San Antonio Swnmp and the
San Miguel, the Maasim, the Angat Rivers and others flowing into the Candaba Swamp
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3. The gradient of the main stream is very genile, which is a characteristic of rivers having the bed
materials of clayish soil. 'The deepest portion of the river bed extends from the river mouth near to
Candaba upstream for about 52 km, almost level at around S m below the mean sea level of Manila Bay;
hence, in the normal conditions, this section is involved in the tidal reach.

4. The Candaba Swamp is a low land spreading out on the lefl bank of the Pampanga River between
about 20 km and 55 km from the river mouth, It has about 220 km? of surface area and over 1,000
million m?3 of storage capacity at the water leverl of the flood in August 1960. The elevation of its bed
‘i higher than the mean sea level of Manila Bay by about 2 m in the south and about 3 m in the north.

At the beginning of a Nood, flood waler of the rivers in the eastern basin such as the San Miguel
and the Maasim Rivers flowing directly into the swamp and the portion of those from the ‘Angat River
in excess of the diverging capacities of three outlets, Bagbag, Calumpit and Sulipan, is drained into the
swamp, and the water level in its southern portion is raised accordingly.

Then, in the northern part of the swamp, the Nlood waters of the main Pampanga River and from
the San Antonio Swamp flow into the swamp through the river channel at Arayat as well as through the
Cabiao-Candaba Floodway . :

The slope of the swamp at the highest water level is gentle, being about 1/7000, and il is estimated
that it flactuates with the rise and fall of the water level, ranging from aboui 1/5000 to 1/10,000.

5. The San Antonio Swamp streiches on the right bank of the Pampanga River about 60 km upstream
from the river mouth, over the low land lying above the confluence with the Rio Chico River, between
these two rivers, It has about 124 km? of surface area and about 700 million m> of storage capacity at
the water level of the flood in August 1960. The elevation of its bed is around 8 m above the mean sea
level of Manila Bay.

The length of streams from the headwaters of the Pampanga and the Rio Chico Rivess to their
confluence are respectively about 190 km and 150 km. Although the Rio Chico River is a little shorter
than the Pampanga, it should be noted thai the gradient of the latter is steeper than that of the former.

6. Between e lower delta and the Candaba Swamp areas, a control section is formed from Apalit to
Plaridel to deal with flood water. A similar control section is also formed from Arayat to Cabiao, between
the Candaba Swamp and the San Antonio Swamp areas, Due to this, there is a head difference between
the flocd water surfaces on the both sides of this control section. . Fig. 2-2 shows the profile of the
maximum water level for a major flood. Fig. 2.2 reveals thatl there was a head difference of sbout 1.5 m
by the control effect between Apalit and Plaridel in the flood of Aupust 1960.

- 2-2-2 . Present Status of River In"lprovem.ent Waorks

The river improvement projects now being exccuted are designed in a very reasonable way so that the
maximum elfects can be atlained by the minimum costs; that is, the flood control functions of the two
great natural retarding basins are conserved on the one hand, the more productive areas are protected
dg,alnsl any inundation. Respecuve levels and floodways are outlined hereunder,

I, Masontol-Apalit-Arayat Sctback Levec

This levee has been designed to protect the granary plam lying on the right bank of the Pampanga mid-
stream against the flood of the river. ‘The project which contains a long continuous levee of about 42
km in length, extendmf, from Masanto] vin Apalit to Arayat is almast completed now.

A notewo:lhy pmnl is that two fuse d:kes of 1,000 m each are provided between Candaba and
Arayat, These fuse dikes are built with their crests lowered than other sections, which intends to make the
flood waters in excess of the designed flood water level to overtop them to the plain on the right bank and

to minimize the flood damage by preventing water to inundate from any unexpected location of the Setback
- Levee.
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FIG 2-2 LONGITUDINAL PROFILE - OF MAXIMUM FLOOD STAGE HEIGHT
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On the other hand, ﬂﬁy'lcvee is not planned. on the left s_idc between Apalit and Arayat.facin_g to
the Candaba Swamp, but the flood water exceeding the conveyance cipacity of the normal river channels
overflows into Candaba Swamp and is stored in it so”that the peak discharge of the flood is reduced,

2. Calumpit-i’_laridel-Bustbs Dike .

This dike is designed to protect the left side area of the Angat River against its inundation, but there are
portions not yet completed in the section upstream from around Plaridel. ‘On the other hand, any levee
is not’ planned on the right side between Apalit and Pulilan facing to the Candaba Swamp in the same way
as the section between  Apalit and Arayat, but the flood water exceeding the normal conveyance capacity
of the river channel overflows into the Candaba Swamp so that the peak discharge of the flood is reduced. -

In the sections extending from Sulipan via Calumpit to Bagbag, the enbankments of National Road
No.3 and the Manila Railroad function as levees to protect the lower delta area from floods and three
‘outlet channels are built through the three places mentioned above. - When the water level of the Candaba
Swamp rises above ceriain extent, the flood water inundates into the lower delta drea not only flowing
through the three outlet channels and the culverts built under the national road and the railroad but over-
iopping the embankments of them.

Calumpit Pocket Dike has been already completed to protect a part of Calumpit town between
National Read No.3 and the Candaba Swamp. '

3. Bt_zbc-San Esteban Diversion Channel

H-is a diversion channel to reduce the damage caused by the flood of the Painpanga River-in the
western part of the lower delta area, and is almost completed.

4, Lﬁbangan Flood Channel

It is believed that this flood channel project is very effective to reduce inundations on the eastern and
cenitral part of the lower delta areas; the vicinity of Malolos, Paombong and Hagonoy, down stream from
Bagbag Bridge; 10 decrease the ineffective consumption of the flood controlling capacity of the Candaba
Swamp due to discharge at the initial stage of flood of the Angat River; and to reduce any damage
around the Candaba Swamp by swiltly draining of the stored flood water at the last-stage of the flood.
The project plans to increase the width of the river at Bagbag Bridge to 500 m, but the work is not yet
started.  Implementation.of the work at an early date is desired. : :

5. Arayat-Cabiao Ring Levee

With its northern and western sections constituting the left bank of the Pampanga River, the eastern
“section functioning as the right bank of Cabiao-Candaba Floodway, and the southern portion _being the
levee against Candaba Swamp, this Ring Levee protects the paddy. field area of about 40 km?2 lying
between Arayat and Cabiao. However, there is a special portion of the section facing to the northern part
of Candaba Swamp of which formation is lower than the others. ' ‘

6. '~ Cabiao-Gapan Dike -

This dike is to protect the paddy field area 'extending to the left bank of the upstréam of .the Pampanga
River, around Cabiao, against the floods-of the river. The works of ‘many sections are not yet started,

On the other hand, any levee is not planned on the right bank of the Pampanga River between its
confluence with the Rio Chico River and the San Antonio Swamp. . The flood water exceeding the
conveyance capacity of the main river channel at Arayat and the Cabiao-Candaba Floodway inundates
- over the San Antonio Swamp and is reserved in it so that the peak discharge of the flood is regulated.

.21 -



7. Cabiaq-Céndaba Floodway:

This floodway is intended to supplement the defficiency in the conveyance capacity of the main channel
of the Pampanga River at Arayat so as to reduce flood damage around San Antonio Swamp, bit levee on
the left bank of the lower reach of {loodway is not yet completed and any progress is not seen.in the
excavation of floodway. Although it is effective to increase the conveyance capacity of ‘this floodway

for reducing flood daniage around the San Antonio Swamp, it results at the sume time to decrease the
flood controlling capacity of the San Antonio Swamp so much which may introduce a risk of intensified. -
inundation around the Candaba Swamp, - Therefore, it -is desirable to implementthis. project. carefully after
advancing the river improvement works, of the downstream area, such as the completion of the Labangan
F]ood Channel in the lower delta area. :

8. Improvemcnt Works of Other Tributaries
Any progress of works is not made except that of the Gumam F]oodway in the western pdrt of the lower -
delta area.

2-2-3°  Dangerous Places from Flood

Dangerous places from flood and the most important factors which require special regard in implementing
the flood forecasting and warning system are summarized below, in the light of actual situations of flood’

damage in the past and the current status of river improvemenl works,

1. Flood waler stage against the elevations of barrios in the Candaba Swamp as wcll as-in the eastern.
and western parts.

(8]

Flood waler stage against the height of the Arnedo Dike between Apal:t and Ardyal and the ground
elevation of Candaba Town.

3. . Flood water stage against the height of mcomp]ete pomon of the. Arayat-Cabiao. Ring Levcc on 1ts
southern sectlon

4. Flood water stage ag’unsl the helght of fuse dlkc erected between (,andaba and Arayat

5.  Flood water stage against the height of mcompletc section on the CalumpltP]andcl Bustos lee
upstream from Plandel :

6. - Flood dlscharge running. into the lower delta area from the Candaba SWamp through three outlet
channe!s of Suhpan Calumpit and Bagbag

7. Combined effects of the tidal movement of Mam]a Bay and flood discharge on thc lowhnd in the
- lower -delta area. - i :
224 Flood Damages and Benefits of Flood Forecasting and Warning
The maXimtim areas -of the actual inundations on the Pamp_zmga.River System have been calculated to be
147,9?0 ha by the f’ﬁmpanéa River, | | o |
' 60,1.;).0.ha.by the Rio: Chico Rivér, aﬁd_* -
| 12,700.ha‘ by the Angat Ri&e;‘, '
220,740 ha in total ind

" smounting to 18,000,000 in monetary term.

e
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The average damages per annum have been estimated as. B9 400 ,000, accounting for about 25% of
the average annual flood damages in the major Philippines’ rivers. About 88% of this amount is -due to
thc d'mmges of agricultural. crops and the damages of government properties account for only about 3%.

Fig. 2-4 shows the distribution of populations (as of 1960) in the target area of flood forecasting
and warning. It is estimated that the present population is as much as 140 times of this figure basing
on its lncreasmg rate thereafler

The actual patterns of flood damage in the past when the river improvement works were not com-

pleted may suggest us the possible behavior of flood damage in future due to incompletion of works as
yet now.

It has to be recognized that flood damage will be more severe and concentrical than in the past
due to the fact that the river improvement works are yet on the way.

The damage caused by a flood exceeding the magnitude of the flood for which the river improve-
ment works are designed will be more serious than that caused under the natural conditions. Although
the Survey Team have been explained by the persons concerned that there was no human loss in the past
flood, this will not be always the case in future. Hence the flood forecasting and warning will acquire a
greater importance.

Flood losses anticipated (by the flood of dimension smaller than that designed) in future after the
current river improvement project has been completed will be those suffered by

. residents in and around the Candaba Swamp and, in particular, in the area between the Apalit-
Arayat Setback Levee and the Arnedo Dike (the present population is estimated as about 140,000),
and -

2. _rcstdents in thc lower- delta area downslream from Sulipan- -Calumpit-Bagbag (the present population
is eslimated . as about 230,000).

Since either of those flood losses is inevitable under the current river improvement project, it may be
said that the object or the effect of the flood forecasting and warning system should be to reduce the public
fear and keep them in peace and order for possible floods. However, it is believed that the followmgs
are the effects whlch can never be ignored for the resndents in the river basin.

1. Imp]ementdtlon of flood forecasting and warning enables the residents to avoid unuseful preparation
for refuse and to evacuate more crops, livestocks, residential equipments etc. due to increased timié for
preparation. (In addition to such implementation, it is desirable to take measures for planned provision
of shellers arrangement of roads for evacuation, and control and gu1dance of refuge.)

2. - Psychological effect to the people by giving forecast about recession of flood after they have taken
sheller

3. Ttis dble to reduce damage by the effective operatlon of flood fighting according to flood forecasting
and warning,

4, Any reduction in flood losses will result in the increase of personal propertles and, indirectly, enable
them to expect the nnprovement in the residents’ w1111ngness for labor and living. -

2-3° System of Data Acquisitioh

1. Bureau of Public Works (B.P. W)

Rainfall and waier level data are submxtted mcmthly at normal 'ume by the obsewer to BPW. or Apalit
Ofﬁce and compiled there in a monthly report.

At flood time, the rainfall and water level data at the hour designated by BP.W. or Apallt Office
are reported to them, in accordance with’ their directions, by the observer by telegram. Besides this,

“Apalit Office dispatch their stalf (o the station to make him conduct gauging and reportmg Conununi-
cation bctwecn Apalit Off‘lce and BPW is made by the publlc telephone

.25 -
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2. .Wea.‘t_her Bureau (WB)

‘Metercological data at normal time are reported to the forecasting center established in the Inter-
national Airport at interval of three hours by SSB from about fifty metereological stations existing all
-over the country. [n an emergent case such as the time when a typhoon is approaching, the reporting
interval is shortened to one hour. At present, Manila Port Area, the International Airport and US. Clark
. Base are equipped with meteorological radars which are used for usual metereoiogical observations as well
as tracking of typhoon. W.B. receives regularly the radar data from U.8, Clark Base 1hrough the
microwave Hne and teletype.

Date obtamcd by the rain gawge stalions established in the Pampanga River Basin are reported
monthly to W.B. from the observers except the Cabanatuan Metereological Station from which data are
sent every three hours as ypentioned above.

Any special report is not made even at the time of flood.

244  Obtained Data

The data furnished 10 the Survey Team from BPW. of the Philippines are shown in the following
iables.

The lOCillli()llS of gaugﬁng stations .are as shown in Fig. 25
Th.c obtained daily rainfall data associated with major floods in the past are as follow;vs:
Fiood in August 1937; |
Any dala h‘.wc not been available (the existing report gave the mean rainfall in the basin
of 223 mm for 2 days, 296 mm for 3 days, 366 mm for 4 days, 404 mm for 5 days,

424 mm for 6 days and 464 mm for 7 days.)

Flood in August 1948;

Camplete data of daily rainfall have been obtained for three gauging stations of No. 17,
No. 18 and No. 20,

Flood in Ocmber 1950,

Complete data of daliy rainfall -have been obiained for three gauging stations of No, 17,
No. 18 and No. 20.: '

Flo_od in A‘ugust '1960;

Data of duily rainfall have been obtained almost completely for the following fourteen

stations only with. partial lack of ‘observation, constituting the largest amount of data

among the target floods for analysis. These data are those recorded at Nas, 1, 4,5, 6,
- 7,9, 11,12, 13,16, 17, 18, 20 and 31.

Flood in May 1966

Data of daily rainfall havc been obtained for eight gauging stations, altlmugh there is.
partial lack of obseryation not constituting any serious obstruction to the analysis.
The stations are Nos. 4, 5, 7, 11, 31, 33, 34, and 35

The obtained data of dmly d1scharge assomated with major ﬂoods in the past are as follows:

'Flood in August 1948,
Flood in Qctober 1950;
Flood ‘in August 1960,
Fload in hily 1962, and
Fiood in May 1966, .

.29 -
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Table 2-6

| Obtained Data of Water Stage

.

San Vicente

Lomboy

Name

Baluarte

Pantabangan

~ Pisluan

Labi.

Cuyapu

Bangkerchan

Malate

~ Cabu

Valdefuenie

" Solcdad

San Antonio
Ilng' e Munti
Pias |

Sun Josef (HW)

San Josef (R.R.Br))

- Pobiuacion

San Vicente
Catalanacan

Pasonp .

Cubeoloonan
Sic_)_. Rosario
Sta, Monica -
Sun Nicolas
Banga |

San Agustin

Sib ul

Sta. Ines
S.an Viccntc ]
Malibaf
.qul:mg

Garlang

Ducma

Pasig

Location

.C.arrnnglan._R‘
Pantabangan R.
Pampzmgﬁ R.
Digmaﬁ R.

Santor R,

"I Santor R,

Santor R,

.Pampanga R. .
Cabu R,
anpang.;t R.
Tabuating R. .
l’uiltp;unga R,
Chico R, ‘
Sumacbgo R..
_l‘cﬁarandz_l R.
Pefaranda R.
Peﬁ:u'anda R.
f’ampanga R,
Baliwag R, -

Renituan R.

. jTalavera R.

Talavera R, -
Rio Chico R.
Rit_) Chico R.

i&amban R,

“|Rio Chico R.

Pampanga R.
Madlum R.
Balaong-Madlum R,
San Miguel R.
Bulu R,

Garlang R, -
Gurlaﬁg R..
Candaba Swamps

Pampangz R,

.| Self-recording

“1Self-recording

| Self-recording

.| Self-recording

- .| Staff

_ Seli-recording

| Self-recording

-|8taff

‘1 Staff

"Classification

Scﬂ'_-rccording
SeH—recorﬂing
Self-rccbrding
Self-recording
Self-recording
Stalf .
Self-recording

Self-recording

Self-recording

Sclf'-rccor'ding

Staff

Self-recording
Self-recording

Self-recording
Self-recording
Staff
Staff
Staff
Self—_rccording

Selfrecording

Self-recording
Self-recording
Self-recording

Staff

Staff

Self-recording

Duration of
Obscrvat_ion

11-25-58 Fo date

11-27-58 To date

459 To date
4-59  Todate
5-57 ) To date
1-57  To date

1 2-5%  Todate
4-55  To date
6-57

To date

3-19-64 To date

2-60 Todate
10-58  To date
.7-60 To date

7-21  To date
945  To date
10-11  To date’

9-45  To date

9-18-58 To
12-31-68

9-56 Todate

8-57.  To date

7-56  To date

7-36 Todate

7-60 Todate
11-58 . To date
11-58 To .dat_e

1-14  Todate

1-44  To date

855 To
12:55 Todate

7-55 Todate
2-64  Todate.

3-55 To date

355 To datrc

6-53- To date

To date

Data

Remarks

Continuous charts
2 times a day

Continuous charts
2 times a day

Continuous charts
2 times a day -
Continuous charts
2 times a day

Continuous charts
Continuous charts

2 times a day

Continuous charts
3 times a day

2 times a day

Continuous charts
2 times a day

2 times a day
2 times a day
2 t'imes.a day
2 times a day

3 times a day

Continuous charts
2 times a day

Continuous charts

Continuous charts
3 times a day

Continuous charis
2 lir_nes aday
2 times a d;':y
2 times a day

3 times a day

Continuous charts

2 times aday

Continuous charts
3 times a day

3 times a day

-2 times a day
2 times a day
2 times a day

3 times a day

Survey of discharge
Survey of discharge
Survey of discharge
Survey of dis;:harge
Survey of discharge
Survcg_r of discharge

Survey of dischm'gé
Survey of discharge

Survey of discharge

Survey of discharge

‘Survey of discharge

Survey of disc;hargu '
Survey of discilafge
Survey of discharge
Survey of discharge
Temporary station

Survey of discharge
Survey of discharge
Survey of discharge
Survey of discharge
Survey of discharge

Survey of discharge

_ Survey of discharge

Survey of discharge
Survey of discharge
Survey of discharge

Survey of discharge

Survey of discharge
Survey of discharge

Survey of discharge
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.'No.'

Duration of

7-61

Name Location “Classification S "~ Data Remarks
o - Observation S
36 Diliman Maasim R. Stﬁff ' 1-19  To date g‘:::::;’g gz;hm‘ts Survey of discharge
37 Bahay .Maasim-R. Staff 4-56  Todate | 2 timesa day '
38 - Sta. Cruz Pampa.nga R. Self-recording 8-48 'Tc_) date Contiﬁuous'éhz\rts
3% San Juan -|Pampanga R, ‘1 8taft . 4-46  Todate |3 times a day
40 Sulipan |Pampanga R. Self-recording 146 Todate | Continuous charts
41 Sulipan ‘Sulipan Cutoff | g1,y 746  Todate | 2 timesa day
42 SunMiguel . iFrancisR. Staff 646  Todate | 3 times a day
43 Above Ipo . iAngat R. Self-.redording | 1-5':.1 To date | Continucus charts Survcy: of disuliaxge
44 Below Ipo %Angat R. Self-recording 956 T6 da.te 20(:;1{52::? t&;;]wﬂs Survey of discharge
45 Pulong Sampaloc %Bayabas R. Sélt‘-reourding 6-1-64 To date ' Survey of discharge
46 Longos N iAngat R. Self-recording , 7-0%  Todate gkz?ngi:suglc:l;;hans Survey of discharge
47 Pob, Pulilan . %Angat R. - Staff 1661 Todate |3 times a day
48 Punpo ‘AngatR. ' | Self-recording " 661 Todate | 3timesaday
49  Pob. Calumpit Pampnngﬁ R. i Self-recording 5-17-10 To date Conti'nuops charts
50 San Miguel " Pampanga R. Staff 746  To date % 3 times a day
51 Bebe (C.O.C. No.1) Bebg cut-oft Seffrecording  4-S6  Todate . Continuous charts
52 Bebe (C.D.C. No.2) BEb&g‘rﬁg{f _Sell'—recording . 4;56 To date ’ Continuous churts -
53 _ Budbud. Pampahgu R, .Self-rccordi'ng 12-9-60 To date . Continuous charts
34 Bagbag :La.bangan R. . Self-recording 1-46  To date .Continuous. charts
55 Halang iLabangan R, Self-recording _ 761 To date  Continuous charts
56‘ Halang .iLabangan R. Staff 1 661 - 'i‘o date 3 times a day
57 - Tibuagin Labangan R, Seifrecording To date Continuous c.harts v
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FIG. 2-5 LOCATION OF WATER STAGE GAUGING STATION - AND

RAINFALL GAUGING STATION .IN THE

PAMPANGA RIVER BASIN
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CHAPTER 3. ANALYSIS OF MAJOR FLOODS

In establishing the flood fdrecasting system, it is_the most important to ascertain, whether adequate
forecasts can be jssued by the data collected from the selected observatlon network against any attack
of flood in the same size as that in the past.

In this chapter it is examined first in what month the floods occurred in the past and the natures of
the typical floods. In the latter half of the chapter, flood runoff, flowing down of flood through river
channels and behaviors of flood in the swamps are investigated to clarify the actual conditions of floods
in the Pampanga River Basin. The results of these analyses will show clearly the justification of our
proposal for the flood forecasting and warning system.

3-1 Flood Period

The distribution of rainfall occurrence through the year in the Pampanga River Basin is examined to
_determine the flood period in which flood forecasting and warning is required. Monthly rainfall data
mainly from 1957 to 1960 are shown in Table A-2 when a comparatively large number of stations in

* the basin were in operation of synoptical observations. Thus two hundred and six observed monthiy rainfall
data are obtained excluding the months of absent observation. Further, the frequency of the occurrence of
monthly rainfall exceeding 100, 200, 300, 400 and 500.-mm are counted respectively as 261, 156, 84, 44
and 23 times. This frequency of the occurrence is shown by month in Fig. 3-1, which reveals that the
occurrence of monthly rajnfall exceeding 600 mm is mostly concentrated in August-and that of other
scales also occurs more or less in and around the same month. However, seeing {rom the frequency of the
occurrence of rainfall more than 300 mm which has comparatively large possibility to associate with flood,
the target period for flood forecasting will include the months from May to November. Further, taking
dccount of the facts that one of the well-known floods in the past occurred in May 1966 and that a
rainfall more than 400 mm was once recorded also in May, it is believed that the flood period should
include the months from May to October and November should be treated actording to them. This can .
be understood ‘also by the illustration of monthly rainfall distribution at several gauging stations. (Fig. 3-2).

Fig. 3-3 shows the higﬁest water level in the year and the month in which it occurred at San Agustin,
Arayat, This also shows that the occurrence of floods is concentrated in August and September. Judging
from Fig. 3-3, it reveals that any severe flood so far occurred in July, August and September,

- Then the period of the occurrence of flood was considered as from June to December in the past
stage data but the scale of flood in December was small.

3-2 Characteristics of Regjonal Rainfall Distribution

The annual rainfalls recorded at the gauging stations in the river basin are illustrated in Fig. 34 for the
“years from 1957 to 1960 and 1968 when comparatively many stations carried out synoptical rainfall
observation. Although any definite conclusion cannot be made due to insufficient number of gauging
stations which conducted such observation for each year, so far as these data are concerned, the flat land
areas on the mid and downstream receive comparatively small amount of annual rainfall, and the eastern
mountanious basins comprizing the Madlum and the Santor River Basins receive much. The northern
_mountainous area receives much rainfall next to the above. As almost no data is available for the river
basin of the western mountainous area anything about rainfall is not clear, but this basin is supposed to
~ have also much rainfall seeing from the data recorded at the Iba Zambales gauging station outside of the
* basin. However, since this gauging station is situated in the sea coast area, the rainfall pattern may be
dlfferent thus it needs to collect much more rainfall data and study them in order to reach any conclusion,

The regional distributions of rainfalls at the times of the well-known floods in 1960 and 1966 are
shown in terms of monthly rainfalls in Fig. 3-5. This shows that the regional rainfall distribution
~ associated with a flood varies with every flood, and no deﬁnite trend is indicated.

This may be easily imagined from the fact that the heavy rain is mostly due to a front or
thunderstorm, localized in an extremely narrow range. Fig. 3-6 shows the comparison of daily rainfall
distributions for several days in the several cases of recent days when heavy rain comparatively continued.
Fig. 3-7 shows the comparison of daily rainfall distributions for the floods in 1960 and 1966. These
Figiires reveal that a severe storm which causes a large flood of the main river naturally brings considerable
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FIG 3-2 (1) MONTHLY RAINFALL
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FIG. 3-2 (2) MONTHLY RAINFALL
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amount of rainfall all over the river basin, showing a comparatwely uniform distribution. In contrast
with this, rainfall not having so much influcnce on the occurrence of flood of the main river has no
clear pattern in daily ramfall dlstrlbUflOﬂS and no correlation can be found between various rainfall
gauging stat:ons :

33 Represehtativeness of Rain Gauge Station

.As shown in Fig, 2.5, there are twenty in gauge statjons in the basin of 8,550 km2 , with three stations
in'the vmm:ty, namely Nos. 8, 32 and 33 stations, making twenty-three stations in tOtdl or one station per
370 km? of the basin area, This number is not sufficient even if they are uniformly distributed in the
arca, Whereas, in this river basin, these gauging stations.are mainly distributed in the flat land along the
main river. The downstream basin of the Rio Chico River and the upstream basin of the Angat River

have particularly a few gauging stations. In using their rainfall data as representing the whole river basin

in spite of these restrictions, it is absolutely necessary 1o know to what extent the individual gauging
station represents its nearby river basin.. In this section, the simple correlation analysis of daily and 2-day
rainfalls is made between different gauging stations, to"examine the above-mentioned problem.

In order to see the simple correlation between gauging stations, daily and 2- -day rainfalls recorded at
several stations in the river basin are arranged as shown in Fig. 3-8.

No. 7 versus No. 20 stat:ons and No. 16 versus No 19 stations do. not show any clear correlation
between them although they are close to each other respectively. Fig. 3-9 shows for reference the
correlations between 2-day rainfall of No. 18 gauging station with that of other gauge stations, arranged
with the distance from No. 18 station to the other stations as parameter. As is clear from this figure,
there exists no correlation and any influence of distance canrot be found. These datz are taken from the
cases where either of two stations observed rainfall exceeding 1.5 inches for daily rainfall or 2 inches for
2-day rainfall, but as is clear from the figure, cither of the corresponding stations has © inch of rainfall in
" many cases. This shows that the rainfall is extremely localized as is often in the case where the rainfall
is due to cumulo-nimbus. Therefore, from the technical standpoint of flood forecasting, it is dangerous
to estimate simply the ramfail in the nearby basin basing on the data of a small number of gauging stations.

The representativeness of a pauging station for the basin, when there is considerable rainfall over
the whole basin as in the case of heavy rain caused by a front, should be analyzed and examined in regard
to many flood cases in the afore said way. The network of rain gauge stations for the purpose of flood
forecasting must be determined after having made these examinations,

34 DD Analysis

Asa study of rainfall characteristics, the relation between rainfall duration and cumulative hourly ramfall
will be examined. The analysis of this relation combining with the arrival time of flood is useful for
' !‘orecastmg the' maxunum possible ﬂood

Fig. 3-10 shows the maximum dmly, maximum 2Z-day and to maximum 7- day rainfalls in the past
data recorded at several gauging stations in the river basin. As is seen from the figure, the maximum 7
day rainfall recorded at No. 9 gauging station is 27 inches = 685 mm, but those recorded at other stations
are 20 inches = 500 mm at the most. The 2 day rainfall of 23 'inches % $80 mm of No. 9 gauging
station was recorded in October 1960 when the statlon received a concentrated heavy rain, and it may be
_ considered as an excepttona! case.

. Next, the rainfalls in a series ranging from one-day to 7-day are drawn in Fig. 3 11. The same can
be said as in the above as to a series of rainfall and, in particular, it can-be said that the duration of
concentrated heavy rain is one or two days followed by rapidly weakened rainfall. thereafter. This can
be understood from the fact that the rainfall is mostly due to cumulo-nimbus. However, only the rainfall
in August 1960 maintained the same intensity for seven days, as is seen from the records of Nos, 18 and
20 gaugmg stations.
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FIG. 3=6 (1) DISTRIBUTION OF DAILY RAINFALL
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'FIG..3-6(2) DISTRIBUTION OF DAILY RAINFALL
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FI1G. 3-6(3) DISTRIBUTION OF DAILY RAINFALL
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-_f_."’.-‘-"FJG.{3-'_6_." (4) DISTRIBUTION OF -DAILY RAINFALL
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FIG. 3-6 (5) DISTRIBUTION OF DAILY RAILYFALL
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FIG. 3-6 (6) DISTRIBUTION OF DAILY RAINFALL
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FIG 3-7(1) DISTRIBUTION OF DAILY RAINFALL
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FIG. 3-7 (2) DISTRIBUTION OF DAILY RAINFALL
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FIG. 3—-7 (3) DISTRIBUTION OF DAILY RAINFALL
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FIG. 37 (4) DISTRIBUTION OF DAILY RAINFALL
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FIG. 3-7(5) DISTRIBUTION OF DAILY RAINFALL
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FIG. 3—-7 (8) DISTRIBUTION OF DAILY RAINFALL

mm

250} Manila

200

|50}

lelel =

| H—l_ﬂ__l_\
1

2 4 6 8 16 18 20 22 24 26 28 30 doy

- 65 -



No. 19

' No.i2 .

No. &

FIG.

3-8 (1) SIMPLE CORRELATION OF DAILY RAINFALL

N -Sample size

No.20 | °
4" ¢ 4 — L N 64
3 _u . | ) N =43 3 : ) .
e 1 2 . .- :
L - ik " '
|_ L%ty L ! N OW L ed
1 4 5" 2 3 4 5"
MNa.7 No. 18
5” -5“_
No. &
a4rn . 4| N=72
3 . N=33 54
2r .. 2:,,:: . .
b= B ""l
[ ! 1 Al ad "
i 2 4 5" 2 3 4
No. 18 No.i8.
5--_ . 5"_
No.l2 |’ _
4._ 4 - . ‘N =69
N=76 *
3r . : 3
2 - . . . 2 {a * Lo -'
. ' L N . R . ] | . :
1 ..h.,‘-.-‘ o i . :’. Ligs I | - |
I 2 4 5" "2 3 4
Neo. 18 No'.lBl
5||_ . 51.1- "
) No.5 N= 67
CAr . N =52 ér - .
3 . 3t.
2 - . * v i 2 et . "
I . * I |- .-" )
L s i L S |
I 2 - 4 &" 2 . 4 -

‘66._.;._'



FIG. 3-8 (2) SIMPIE CORRELATION OF 2 DAYS RAINFALL
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FIG. 3~10 MAXIMUM DURATION CURVE
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DURATION CURVE

FIG. 3=-11
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35 Characteristics of Time Distribution

Comparison of mass curve of hourly rainfall intensities in between the gauging stations. In Fig. 3-12 are
arranged. the percentages of cumulative hourly rainfall as to the total rainfall of the same day from obtained
- hourly rainfall data, "As is clear from the figure, no similarity is recognized between the gauging stations.
It may be understood that it is entirely meaningless to estimate the characteristics of time distribution of
rainfall from the data of adjacent gauging stations. Some analyses are made in the above on the basis of
the data obtained . However, the dala include many lacalized heavy rainfalls which are nat suitable in
order to draw a general conclusion about the rainfall characteristics ‘in the river basin. Therefore, it is
desired to further the examination of the rainfall pattern associated with floods collecting much more data
and to apply the results to the future development of flood forecasting technique.

3-6 Major Floods in Reeenf Years

Major floods recorded in documents or estimated as of the equivalent scale from the available data are

listed as follows, showing the similar distribution lo the frequency distribution of flood occurrence -
deseribed in section 3-1.

August 1937,
August 1948,
October 1950,
August 1960,
Tuly 1962, and
May 1966.

In this section, the situations of thesc major floods are described on the basis of the data so far
available to the Survey Team.

Flood in August 194_8
Precipitation:

The average rainfall on the basin was 580 mm/month in July and 320 mm/month in August.
The characteristic of rainfall in this year was that they occurred in several groups. Among them, the
rainfall of about 150 mm on 24th and 25th of July and that of about 170 mm during 21st-24th of

August were. remarkable. Besides these, there were rainfalls during 1st-3rd of September and 24th-27th
of September, : -

Runoff:

_ “The dlseharge of the Pampangs Rwer at San Agustifi reached the peak of 2080 m3fs on 23rd of

August and after having decreased to 500 m3/s on 31st of the same month it again reached the peak of
- 2,200 m /s on 2nd of September. In particular, there was no rainfall to be recognized as the cause
of the latter flood. 1t needs to pay attention to what extent such phenomenon will occur, although it
‘cannot be reveaied until denser network’ of observatlon will be operated

Fload in October 1850
Precipitation:

The rainfall in September of -this year exceeded 400 mm and a series of rainfalls occurred from
the end of September to the beginning of October. In particular, it rained about 200 mm from Ist to
4th of October.” This rainfall caused a big flood on the -conditions that the basin had already stored

sufﬂment water as it was the end of rainy season. After that, it passed to dry season without
" noticeable precipitation.

Rnnoff:

After the flood of medmm size in September the discharge of the Pampanga River was around
300 m3/s at San Agustin when the basin received the rainfall, which caused the sudden increase in -

its discharge on 2nd of October followed by the peak discharge of 1370 m3/s on 3rd. Then the discharge
decreased gradually. .
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FIG. 3-12 HOURLY
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FIG. 3-13 FLOOD HYDROGRAPH OF PAMPANGA RIVER AT SAN
AGUSTIN, AND HYETOGRAPH AT SAN JOSE AT THE TIME OF
THE FLOOD IN. AUGUST AND 'SEPTEMBER 1948 -
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FlG. 3 ~14. FLOOD HYDROGRAPH. OF PAMPANGA RIVER AT SAN AGUSTIN
AND HYETOGRAPH AT SAN JOSEF, AT THE TIME OF THE FLOOD
IN AUGUST AND SEPTEMBER 1930.
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Flood in August 1860
Precipitation:

There was much rainfall in 1960, and particularly in July the lower basin received much rainfall
concentrated in the last part of the month. In August, also large rainfall was recorded in general,
reaching 700 mm/month of the average rainfall in the basin which corresponds to about 6,000 million m3
of water only in the upper stream basin of Calumpit.

The maximum daily rainfall in the basin occured from, about 13th to 16th, with the largest magnitude
of 160 mm/day. The upper basin of the Pampanga River received comparatively small precipitation and
the upper stream of the Rio Chico River and the basin of Candaba Swamp received much.

The upper'stream of the Rio Chico River received the first group of rainfall from 6th to 10th, ranking
the first in the volume. The second group of rainfall fell from 13th to 16th, which included the highest
peak although being the second in the volume. The third rainfall in a smaller scale came on around 20th.

In the southeast of the Pampanga River Basin, the first group of rainfall fell from 5th to 9th, ranking
the second in the magniture. The second group of rain fell from 12th to 16th was the first both in the
volume .and in the peak intensity, The rainfall from 20th to 22nd was small.

Runoff:

At San Agustin on the Pampanga River, the peak discharge of 2,372 m3/s was observed at 2 hours
on 17th of August. At Pulilan on the Angat River, that of 1,673 m3/s was gauged at 22 hours on 14th
of August. These were respectively 0.37 and 1.75 m3/sec/km? as expressed by specific runoff. There

are distinct differences in the occurring time of the peak discharge and the specific runoff between these
two rivers.

The peak d'ischarges of the Candaba tributaries such as the San Miguel and the Garlang Rivers
occurred on 14th. The concentration time of the runoff is less than one day. The peak discharge of
Candaba Swamp as a whole occurred on 14th. The characteristic of this flood was that it had not only a
great peak discharge but also a long duration. At San Agustin, it needed 21 days to reach the peak
discharge since the daily discharge had exceeded 100 m3/s on 27th of July. As the flood of medium size
came on 10th of September, it was only 23rd of November when the daily discharge decreased to less

than 100 m3/s, taking about 120 days as from 27th of July. -
Flood in July, 1962 .
Precipitation: -

_ Although the magnitude of rainfall in the basin as a whole is not clear due to scarce data for July
1962, San Agustin received 350 mm of minfall in total during three days from 19th to 21st, without any

noticeable rainfalls around that period. Comparing with the other cases, it was a special pattern of a

single rainfall, though the rainfall area deemed to be moving in the basin with one or two days lag,

Runof f:

At San Agustin on the Pampanga River, the peak discharge of 2,316 m3/s was observed at 17 hours
on 23rd of July. In the Angat River, that of 1,703 .m3/s was gauged at 1.30 hours on 2ist of July. The
“peak discharges in the San Miguel, the Maasim and the Garlang Rivers occurred on 21st of J uly. The-
peak inflow into the basin of the Candaba Swamp as a whole occurred on 21st of July. The difference
in the time of these peaks and in the specific runoff showed the same pattern as that of the flood in
.1960. However, the duration of this flood was short in spite of its great peak discharge. The. reason is
deemed that it 'was a ‘single rainfall although its areal distribution was not clear. '

At S'zm.Ag'ustin, it took five days for the daily diScharge to reach the peak after it had exceeded
100 m3/s on 20th.of July, . After that, the flood of midium size came in September, and it was on 24th

of Qctober when the daily. discharge decreased below 100 m3/s.

-5 -



FI16.3-15 FLOOD HYDROGRAPHS OF PAMPANGA RIVER AND_‘RIIO'_"CH!C"O |
" AT MANACNAC AND LA PAZ,AND HYETOGRAPH AT LOMBAY AND
SAN JOSE AT THE TIME OF THE FLOOD IN AUGUST 1960..
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"FIG. 3-16 FLOOD HYDROGRAPHS OF F’AMPANGA RIVER AND ANGAT
RIVER: AT SAN AGUSTIN, DUCMA AND PULILAN, AND HYETOGRAPHS
OF MADLUM.—ANGAT
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Fi6. 3-17 FLOOD HYDROGRAPHS OF PAMPANGA RIVER AND ANGAT RIVER -
AT SAN AGUSTIN, DUCMA AND PULILAN, AND HYETOGRAPH '
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Flood in May, 1966

Precipitation:

Early in-the month, the rainfall of about 40—50 mm/day fell intermittently, but it stopped
raining simultaneously be around 13th—16th, Whereéas, it began to rain again on 16th and the heavy
rainfall hit the midstreain basin of the Pampanga River concentrating on 19th, with the intensity of 260
mm/day recorded.

In the upper basins of the Pampanga and th'e Rio Chico Rivers, though the rainfall was intensified
from about 18th but not so much as in the midstream, it continued to reach as much as 180 mm/day at
-the maximum on 22nd and 23rd, then it decayed,

Runoff:

Al San Agustin on the Pampanga River, the daily discharge of 1,800 m3/s was observed on 22nd of
May. "In the Angat' River downstream (rom the ipo Dam, the peak discharge was observed at 18 hours on
“19th. This flood was not so severe, though it called attention because of its occurrence in recent. San

Agustin, lt took 4 days to reach the peak after the daily discharge had exceeded 100 m: /s on 19th of
May, ’

37 Summary of Description of Individual Flood
Precipitation:

In rainy season, rainfall groups which continue for 3 days - one week come in the Pampanga River
system. The amount of rainfall of one group ranges from 200 mm to 500 mm. The rainfall group come
on almost simultaneously over the whole basin but a detailed observation reveals that there are areal
differences in the time and intensity of the rainfall,

RunofT:

"It is pointed out that there are important differences in the time of occurrence and in the specific
runoff between the vunoff hydrograph of the Pampanga River at San Agustin and that of the Candaba
tributaries and the Angat River., The runoff in the Pampanga River lags by about two days behind that
of the Candaba tributaries and the Angat River, with the specific runoff of one severalth of the latters.
This is probably due to the difference in the area of the basin and the influence of the swamp.  Fig, 3-19
shows the relation between the area of the. basiri and the specific runoff. -In the figure it is found that

the specific runoff for the Angat River is the largest, that for the Pampanga River. comes next and that for
the Rio Chico River is the smallest. :

The peak discharge of the Pampanga River at San Agustin is around 2000 m3/s in every case. See
Fig. 3-20. From the commencement to the peak it takes 3 or 5 days according to this figure, except
the flood in 1960. It is the important. time lag to the flood forecasting and warning procedure.. This
seems to be due to the retardation of the flood by San Antonio Swamp and the influence of diversion of
water through the Cabiao. Candaba Floodway. The duration of the flood in 1960 was very long, but that

of others was comparatively short, although the dlscharge exceedmg 1000 m3/s at San Agustin continued
for about ten days,

Rate of runoff

The rate of runoff which depends on the distribution of rainfall gauging stations and the accuracy of
dischacge measurement, shows almost 1 in some cases. In the rainy seasom, it is well conceivable that the
rate of runoff becomes 1 for the rain fell .on the basin which was saturated enough with water by the
" uantecedent  rainfall.- It is also conceivable that the rate of runoff is considerably less than 1 for the

flood occurred in the early period of a rainy season. These considerations should be important in the
future study. g :

T -
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FIG. 3-18 FLOOD HYDROGRAPHS OF PAMPANGA RIVER
AT SAN AGUSTIN AND HYETOGRAPH AT GAPAN
AND-ARAYAT AT THE TIME OF THE FLOOD
IN MAY 1966
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FIG. 3—19 SPECIFIC RUNOFF AND AREA OF BASIN (BASED ON THE PEAK

VALUES OF THE FLOOD IN 1962 THE FLOOD IN 1960 SHOWED THE SAME TREND)
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3-8 Numerical Analysis of Major Floods

-The object of the analyses made in lh1s section is to Clarify the availability of the ﬂood forecasting system
by analyzing = the past ﬂoods

(1-1)  First, the mechanism of runoff from the basin, 8,550 km? in area, upstream from Cajumpit
-~ (that is the inflow into.Candaba Swamp) will be clarified from the macroscopic viewpoint.
(See 3-8:1-1) Although the accuracy may be inferior jt is possible to forecast any flood basing
on the rainfall by this method, taking .the whole basin as a lumped system,

(1-2) - For operating the proposed flood forecasting system, the runoff of the middle -part of the
Pampanga River Basin has to be forecasted from the rainfall. Therefore, runoff analysis is-
made for each of these three sub-basins considering them respectively as a lamped system.
(See 3-8-1-2)

(-3 In order to improve the accuraoy of thc above method, it is necessary to know the charactenstlc
- of -each sub-basin. An example of analysis technique is descr:bed in 3-8-1-3.

(2) . The mechanism how flood wave propagates through the river channel is explained. The analysis
with actually observed values and that with hydraulic computation of discharge through the viver
- channel from Sapang Buho to Arayat are described in 3-8-2. As these will make clear the travel
time of the flood from Sapang Buho, it will be able to forecast the discharge of only the main
stream of the Pampanga, taking account of reduction of the peak discharge as well. -Although the
accuracy will be inferior, the discharge of the Pampanga River can he forecasted by adding the
runoff from the tributaries to the above discharge.

This method is developed so that by accumulatmg the discharge joined from each of tributaries
the accuracy of the flood routmg may be improved.

(3) The behavior of lhe Candaba Swamp, that is water [evel variation caused by floods inflowing
from respective rivers. This will enable to forecast the water level of Candaba Swamp,

The hydrological method of flood forecasting will be completed by integrating the above analyses as
well as improving the accuracy of individual technigue.

.3-8-1 Runoff.

" The analysis of runoff is carried out through the processes of three stages; first, runoff estimation- based on
phenomenon from the macroscopic point of view, second, that based on respective sub-basins and lastly,
est:matton of . runoff from dmded sub-basins by use of hourly rainfali. :

3_'-8-1-‘1 Runotf from Whole .Basin

Daily inflow into the Candaba Swamp is estimated from daily average basin rainfall in the area of 8,550
km? upstream’ from Calumpit. "This is a study from .the macroscopic point of view, which will constitute

a puiding principle for prowdmg flood forecast in the present conditions w:th a little data and experlences

Observed discharge data at the following stations are used for the estimatlon of 1unoff from the
whole river basm. o

The diSCharge '_dat'a'have been referred to Surfuce Water Supply Bulletin,

B3 .



the Pampanga River + -+ -« R REER SRR .. San Apustin.- .

the San Miguel River . ...........oooini. San Vicente

. the Maasim River-- ... e “++veesveo. BahayPare . .
the Garlang River« ... .. R R Garlang
the Angat River - - -+« oo, Pulilan

The sum of daily dlscharge at these stations is divided by the sum of catchment areas of the statmns
This is the daily depth of runoff expressed m the unit of mm/day

The rain gauging statlons are 1s follows Poblacson Carranglan (No 1) Santor RGS. (No 4), Sanlor
RGS. (No.5), Benituan RGS. (Na. 6), Lomboy (No. 7), Madlum RGS. (No, 9), Angat RIS. South canal .
{(No. 11), Murcom Dam (No. 12), Rizal Dam (No. 13), Penaranda RIS, Main canal (No. 16), Panaranda
RIS (No. 17}, Dibabuyan Dam-(No. 18), Talavéera RIS. (No. 20), Cabanatuan {(No. 31).

From these data, daiiy mean basin rain'fall was computed by Thiessen method.

In the case of the flood in August 1960, as the monthly runoff was nearly equal to the monthly
rainfall, the rate of runoff has been presumed as 1,

Fig. 321 shows runoff hydrograph computed .by the unit hydrograph method, . Besides the results
I and 2 are computed from the unti hydrograph as used. in Hydraulic Desing Study. - This figure shows
also the runoff 3 computed from the unit hydrograph determined by trial and error. Tle result shows
that the peak on the unit hydrograph comes after 1.5 days after its beginning. ' :

By the unit hydrograph method, the .computed value of rising limb -tends inevitably to.be higher
than the observed. This seems to be due to the influence of the basin storage and ponding of the San
Anlonio Swamp. The program of -this procedure expressed by the algol étatement is listed in appendix_ II1.

Since it is difficult to simulate exactly the hydrograph for both rlsmg limb and the peak by unit_ hydrograph
method, lhe tank model runoff analysrs is mlroduced

The ana]ysis by the tank model is carried out as follows. A river basin is simulated by a series of

the tanks which has some holes and rainfall is stored in the tanks. It is presumed that the water stored
in the tank flows out from the holes in proportion to the pressure. ‘Usually, a scheme of four tanks in
series is introduced. Running down of water from an upper tank to the joining lower tank simulates
infiltration. The upper tank simulates ficod runoff and the lower tank simulates groundwater runoff.
. There are two kinds of parameters, the elevation of hole and the discharge coefficient of hole, these must
be deiermined by.trial-and error, . The results attained are very good as shown in Fig. 3-22. To make. the
most: preferable results of reconstitution test, the top tank must have a hole of small discharge coefficient
for outflow to the down tank and also have threc holes of which the uppermost hole being of [airly large
discharge coefficient.  These are the characteristics of this river when it is. simulated by a tank model.

With the accumulation of observed data in the future it will be able to make a unit hydrograph or a
tank model for each sub-basin and improvement.in the accuracy of flood [orecasting will be attained by
adding runoff of each sub-basin: -compuied from. observed rainfall by the use of the unit hydrograph or -

_the tank modcl The method is described in 3-8-1.2 and 3-8-1-3 hereunder -

3-8-1:2 Runoff from the :_m_iddle_ part of t_he Pampanga River Basin

In this flood forecasting system, the rainfail in the upper basins of both the Pampanga and the Rio
Chico Rivers upstream from Sapang Buho ‘and La Paz respectively are not measured, but the discharges are
- gauged at these points to compute the discharge of the stations in the target arca by flood routing. In
this case, the runoff from the mlddlc part of the Pampanga River Basin must be forecasted separately.

Fig. 3-23 shows the relation between the discharge of the, Rio Chico Rrver and the rainfall in Bemtuan,
presuming the former. fo be- the balance of the discharge -of San Agustin deducted that of San Vicente.
from it. Although in this correlation”the discharge will represent not only the runoff of the lower ‘basin
of the Rio Chico River but that of the Rio Chico River as a whole. There can be found a lag time of =
about 1.5 duys between the peak of rainfall and that of runoff, showing good correspondence.

v
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F16. 3-21 FLOOD SIMULATION BY UNIT HYDROGRAPH METHOD
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FIG: 3-22 RUNOFF COMPUTATION OF THE WHOLE PAMPANGA

. BASIN . .BY TANK MODEL METHOD.
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. FIG. 3-23 RUNOFF IN (SAN AGUSTIN-SAN VICENTE)
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In order to examine such correspondence more in detaﬂ runoff analysis was camed out as. to
2,466 km2 of basins in the middle part of the Pampanga River Basin.” In this,’ small. number "of ‘rain
gauging stations were used according fo the proposed flood forecasting system. The measured discharge
is the balance of the discharge used in 3-8-1-2 subtracted the dlscharges of Malate in Bongabon; and
Santo Rosario near La Paz from ‘it. -Although this survey has some 1nadequac1es in the time difference of

rainfalf, the representativeness of rain gauges etc., tlns will be'a help to evaluate the. proposed flood
forecastmg system. :

Here, the unit hydrograph was used to obtain the.runoff hydrogmph but if the technique is .
improved applying effective method such as tank model, satlsfdctory resu]ts WIU be cerlalnly attamed in
future.

An example of the result is shown in Fig. 3 -24. "The unit’ hydrograph used here is not so dtff'erent
from that described in 3-8-1-1.

3-8-1-3 Runoff from Divided Sub-Basin

Properly speaking, an effective- method as flood foreeasting should be devised after having studied on
the runoif characteristics of respective sub-basins, applying empirical rule of rainfall distribution.
As an example, daily mean water level of the San Miguel River at San Vicente is correlated to daily

rainfall in the Angat, as shown in Fig. 3- 25 The peak of walter. leveI corresponds to the-peak Df rainfall .
with lag of aboul one day :

_In this, where the basm is small it nceds to use hourly ramfa]] but few data of this kmd are
available for the Pampanga River Basin: = Accordingly, the hourly rainfail data available for the ﬂood of
Auvgust in 1960 are used to examine the method for estlmatmg hourly runoff at Cuyapa, from the _
hourly rainfall in Gabaldon along the Santor River. The catchment area at Cuyapa is. 89 l‘(m2 and the ram :
gauge station is located near to the basin, '

The observed water stage was converted into dlschdrge using the ratmg curve which is given by
BP.W,, and used 1i as -observed discharge.

After several trial and error, the most suitable unit hydrograph was obtained.

Fig. 3-26 shows a comparison between observed runoff and computed. one. This shows the lag of
runoffl from rainfall is about 8 hours, which will have a very important meamng for issuing flood forecast.
" The runo{l coefficient exceedmg 1 requues to reexamine the data,

3.8-2 _. Travel of Flood through the River Chahnel'

As stated above, in the proposed flood forecasting system,. the rainfall’ in the upper basins of the Pampanga
and the Rio Chico Rivers are not to be gauged, but the discharges are gauged ‘at Sapang Buho and La Paz.
The travel time of flood through the river channe! of the Pampanga and the Rio Chico Rivers. from these -
- stations to the target station is the effective time for’ flood forecastmg Flattemng of the peak discharge
is also lmporlant to be: taken account mto forecastmg : : ‘

In order to examine the travel’ tlme of ﬂood through the river channel in detalI lhe analysis of
observcd ddta and numerlca] estimation ‘were carrled out :

3-8-2-1 Travel Time of Fiood through River Channel on the Basis of Obseriléd Data
_As the travel time of a flood wave varies with the dlscharge and -the hydrograph mvestlgauons must be
made into a large number of floods, However since the available data are restricted, approximate value

of the travel nme of the ﬂood peak is esnmated based on the data of floods in ]960 1962 and 1966,

Along the Parnpanga Rwer B "-about 48 km from Malate of Bongabon {0 San Anton '
S 13 hours for the flood in. ]960 .

: about 33 km- from San Anton to San_Vu,cnte
"8 hours for the flood in 1962;



FiG. 3-24 FLOOD ANALYSIS
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FIG. 3-25 RUNOFF OF SAN MIGUEL RIVER AT AUG, (960
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about 12 km from San Vicente to San Agustin of
Arayat, 24 hours for the flood in 1962, though details
are not clear becausé there were diverted flow ‘into
the floodway and confluence of the Rio Chico River;

about 23 km from San Agustin to Sulipan of Apalit,
24 hours for the flood in 1962, though details are
not clear because the hydrograph is very ﬂattencd in
the Candaba Swamp,

about 39 km from San Vicente to San Luis,
about 3 days for the flood in 1966,

Along the Rio Chico River; : flood wave is flatiened in the San Antonio Swamp
: (though details are not clear because it joins to the
main stream of the Pampanga),
18 hours for flood in 1960;
9 hours for flood in 1962;
Along the Angat River; : from lpo Dam to Calumpit;
15 hours for flood in 1960;

17 hours for flood in 1962,

Integrating these data, it may be presumed. that the flood wave will come down from Malate. to the
confluence with the Rio Chico River along the main stream of the Pampanga River In one day.

Downstream from the confluence with the Rio Chico River, the flood wave is markedly ﬂdtlencd

due to the storing effect of the Candaba Swamp and is retarded there about one or two days to rcach
Sulipan,

[n the Rio Chico River, the propagat:on time of flood is about a half day f'rom La Paz to the
conﬂuencc with Pampanga River.

In the Angat River, it should be put at a half day, lhough the data show the time near to one day
from the outflow of the Ipo. Dam to Calumpit. ‘

3-8-2.2 Hydrauiic Study

“The travel phenomena of flood wave from Sapang Buho to San Agustm on the Pamp.mga Rwer w1l]
be s:muldled hydraul:cal]y as follows.

It is well known that flood flow can be expressed as unsteady flow with the equation of motion
and the equation of contmmty The phenomenon can be smlplxﬁed by. this mcthod and the propagatmn of
flood can be clanficd

The b_a_s_ic _cq:ua_lions are _L + 9/ 92; g:‘Q
5ET 5%

It is presumed that the cross section of the channel of the Pampanga River is a rectangle. The width
and the elevation of the river bed are determined based on the inaps on the scale of 1 to 50000, Joint
and_diversic n of streams are ignored and the’ coefficient of roughness n is put at 0.035 for the lower’
stream and 0.05 for the upper stream, with that for the midstream determined s_mtably by interpolation,. -
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In order to convert into differential equation, it is presumed that:

ax =4 km
at-=0.1 hr

Accordingly, 108 km from Sapang Buho to San Agustin is divided into 27 cross sections. The
program of this procedure expressed by the Fortran stalement is listed in Appendix 11,
The ﬂood wave proportlonate to. -L ¢t/To is given to the river at Sapang Buho, and reduction in

peak dlscharge in the channel of the Pampanga River and time for ﬂowmg down to San Agustin are
found ‘as arranged in Table 3-1.

Although there are some dlfferences in accordance of the dlmensmns of floods, it is known that the
travel time of a flood is about 20 hours. This agrees well with the results obtained from the observed
data mentioned in 3-8-2-1, This difference in time is very important and effective for the purpose of
flood forecasting.

lnundatxon on the flood plain is extremely simplified and put on the line of the computation, it
is shown. qualitatively that such inundation has an effect to delay the propagation of flood peak. The
computing procedures will become more complicated if confluences from tributaries, overflowing into - the
San Antonio Swamp etc, are taken into consideration, though it makes significant improvement of the
accuracy in the estimation of travel time and reduction of peak discharge, However, in the present
computation, assumptlons are confined to schematic condmons '

- . The channel of the Pampanga River is assumed to be a single channel which has neither tributary
nor dwers:on The flood hydrograph at Sapang Buho, the boundary condition of hydraulic equations, is
made by the function A (t/To exp(—t/To), where A indicates the magnitude of the flood, and To is the
time from the rise to the peak and equals to 5 days in this study. The longitudinal profile and the width
of the low water channel are based on the map on the scale of 1 to 50000. Since the depth of the low
water channel can hardly be measured on the map, two cases, a shallow channe! and a deep one, are
examined. The flood plain is roughly estimated by the map. For the last computation, the flood plain
is assumed to be w:der than the others, :

In this table, the travel time from Sapang Buho and the peak discharge at San Anton and San
Agustin, Arayat are listed. Decay of the peak discharge is not so clear in all cases. Remarkable
characteristics are found in the. difference of the travel time. Examples of discharge hydrograph are shown
in Figs. 3-27 and -3-28. Travel time of fiood peak and reduction in flood peak are shown in the Table 3-1.

It is necessary to perform the similar studies on the Rio Chico and the Angat Rivers in future.
383 .Behavior of Swamp

The 1mportanl dlstncts in the target area for ﬂood forecasting are the dlstrlcl around Candaba
Swamp and the delta area downstream from it. “Investigation must be made into how the water level
of Candaba Swamp fluctuates due to the inflow of ﬂomd

o Fig. 329 shows the hydrograph of daily water level at the three flood forecasting pomts in the

- Swamp area—San Agustin, Pasig and Sulipan —— at the time of the flood in 1960. The peak water level
occurred on the same day at the two upstream points, instead, it occurred earlier at the downstream
_point and this seems to be due to the earlier flooding of the Angat River which flows into Swamp at the
lowest: stream. Therefore, the correlatlon of the water levels at these three points is not necessarily
simple. ' In the case of the flood in 1966, the peak water levels at the three points occurred from the
_upper stream to the lower streani at the intervals of one day, probably due to the fact that the water
level 1tself was lower than that of the flood in 1960. See Fig. 3-30.
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Table 3-1 ~ Results of Hydraulic Study on Flood Routing. '

peak discharge "depl‘i.l"p'f the | - San Anton . | o 'Alraya.lt ,
at Sapang low water {  Travel Time | oy discharge | Travel Time —'houk discharge
Buhe | ch:;nnft_l from Sapang Buho | . - -] rom Snpa_ng Buho| o
m3/s | ' .  hour ' ‘mS/s . ﬁoﬁr : | e o lm3/s
735.8 oshallow | 335 | 7340 58.6.- | 7305
14ns | dep | 1380 :: 14699 ed | 1469.5
14715 shallow 274 1468.1 543 14580
2207.3 Cdep | o2ta | 2202 | 37 N 21949
22073 shallow - 40 | 21989 417 21809
2073 Cshallow | 3501 | 21864 826 | 21128
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FIG. 3—-27 HYDRAULIC STUDY ON FLOOD PROPAGATION (1)
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Here, the following assumptions arg made {o grasp major trend.
1) The surface slope of the Candaba Swamp is eonstam throughout the flood period.

23 There is a functional relation between the storage of the Candaba Swamp and thc water stage -
at Sulipan. :

3) There is a functional relation between the discharge flowing down to the delta area through the
section betweeri Sulipan and Calumpit and the water stage at Sulipan.

These are expressed by the following formulas, putting the water level at Sulipan at H:

d (Storage) : '
T Inflow — Ouiflow

Storage = f (H)
" Qutflow = f9 (H)

The functional relation, fl (H), between the water stage at Sulipan and the storage of the swamp
is determined by the followmg methed. :

The contour map measured for the model experiments is adopted to determme the shapc of the
swamp. :

Flood water in the swamp is given a certain surface slope and is related (o the water level at
Sulipan. This surface slope is determined after the case of the past great ﬂood.

The functionai relation, f5 (H), between the water stage at Suhpan and the Candaba Swamp outflow
is dctemuned by interpolation between the data at the high water stage and those at the low water stage.

The data at the high water stage are obtamcd by the model experiment at B PW and those at the
low water stage are referred to Surfuce Water Supply Bulletin of B.P.W.

The functions of f; and f2 used for computation are shown in Fig. 3-31. The program of this
procedure expressed by the algol statement is listed im Appendix III.

The results of computatrons by these assumptlons on the data of the flood in August 1960 and July
1962 are shown in Figs. 3-32 and 3- 33 :

In this case, the volume of inflow is computed as follows. ' Daily inflows from San Agustin, San
Vicente, Garlang, Bahay-Pare and Pulilan were summed up, and added with contribution from the
remaining basin computed usmg the area ratio, :

“These ﬁgures assure that the forecastmg of the water level of the Candaba Swamp can be made
adequately by this method, since they shows the gnoci correspondmg belween the water levels observed
and those compuled : :

_ However, as to very rapid varla[ron 1n the water levels the ‘observed va]ucs show steeper change th'm
the computed values. This should mean that, though the water level of the Candaba Swamp is presumed to
fluctuate uniformly for the ccmputatron tlus assumption -is ‘not necessarily effected in the case of rapid
fluctuation, : : :

If the swamp and the river channel are divided into smal] sections #nd hydrauhc analysis is made
as stated in the secfion 3-8-2-2 of ﬂood routmg, this problem wril be solved

Any change in the flood water level due to the tidal. movement of Mam!a Bay is not taken mto
_ account of this computation, Although the tidal movement changes in a day, mean daily discharge is
‘used for this computation. This problem wrl] be also clarrﬁed by the improvement and mcreasmg of
measurement and analyses of data in- future.
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CHAPTER 8,  RECOMMENDATION FOR THE PILOT FLOOD
FORECASTING AND WARNING MEASURES, FACILITIES AND
ORGANIZATION ON THE PAMPANGA RIVER BASIN

4-1 . Forecasting System
4-11  Determination of Target Area

The present project is proposed as a pilot case of the fload forecasting and warning system for the
Pampanga River Basin in the Philippines, as for the first stage of such system. Although valuable areas

in the Pampanga River Basin are not necessarily confined to those selected here, the following threc areas
have been decided to be the target areas for the present project. In this, due consideration was taken of
_ the distribution of population and houses, land use or land productivity, the economic effects of
investments to be brought by the arcal concentrativeness of those conditions. Also, account was taken of
-the topographic, climatic and hydrologic characteristics, the frequency of floods’ attack, and the reliability
of fiood forecasting and warning based on the résults of hydrologic observations in the past.

[.  Candaba area -
2. Right bank area of the main Pampanga River below Arayat
3. Delta area below Apalit

These target areas are shown in Fig. 4-1, In the preceding section, the state of flood runoffs and
the actual situations of flood damages are studied about the major floods in this river basin, The flood
forecasting system suitable for this basin will be discussed based on the resulis of these studies.

4.1-2  Selection of Location_' for Telemetering Station

The flood forecasting is to provide the residents in an area with the information about flood water
level and time of comming up estimated at the forecasting site before any occurence of flood
phenomerion, so that they can take swift and effective measures for refuge. Input informations of the
flood forecasting system are the data provided by telemetering rain gauge or telemetering stream gauge
upstre'lm from the florecasting s:tc '

The whale basin is dwnded into six parts, as shown in an -1, taking inrto consideration both the -
hydrologic characteristic of the basin and the target areas for forecastlng

_The relation between tclcmelcrmg station and target area, and hydrologic methods of ﬂood forecasting
_lml\m;, them are shown in Fig. 4-2 as a flow chart.

"~ 4-1-3 Site Locating of Telemetering Gauges

~ The Survey Team have drafted the flood forcc;astmg systems in- two cases shown in the following Fig. 4-1,
“with proposcd nctwark of the stream gaug,e stauon and the rain gauge station for respective cases. '

Selected sites have respectively the significances as follows:
I.  Sapang B'uho {area of basin 1,900 km2)

Since the upper Pampanga Arca is separated into the basins of the main river zmd the Santor River, a’
tributary with ‘the same weight as the former, it will need two or more telemetering rain gauge station
depending on the pattern of rainfall, so that erroneous forecastmg may not be made.- Fortunately, as
the upper Pdlllpdngd Area s sut'ﬁcxently distant from the. target areas above-mentioned and necessary time
can be adequately secured for flood forecasting, it is believed mare ddvisably to grasp the integrated

- discharge at the time when the rainfall has run off into the river channel. .
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Table 41 Location of teieﬁietering station . .

Case I

Control Station |. Repeater Station River Stage Station _ Rain‘fa]l Stzttio.n :
— Sapang Buho - ] Sapang Buho
— La Paz ' La Paz
. Papaya
— San Vicent_e . San Vigente
Manila <———————— Mt. Arayat* ~’r-— 'Arayat A'raya_t
Bia}.(.na Bato -
— Candaba  Condaba
San Rafael ._ _
. Ipo qu | _ - Ipo Dam
- Apalit Apalit
Case 11
Contro) Stagioh Repeater Station - River _Siagg Station - Rainfali Station
— Sapang Buho ' Sabang Buho
Cabanﬁt_qan-é————-— La Paz . | : - La Paz ‘
Papay’ﬁ
" San Vic‘e.m_e | E .' San .V_icente' ‘
: b— Arayal | - . - Arayat
Manila -==——————— San Rafael = : Co
' ' - “Biak na Bato
" |- Candaba - ‘ . Candaba .
- San.R'a;i;aél
— Ipo Dam . R ".lpo Dam
.' e Apalit : . ‘ i.:Apaii:t_ o

© % Fast éi_dt; of the mountain of which élévatibn.about_ 200 m ‘above the mean sea level of Manils Bay,
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_FIG 4-2 CONFIGURATION OF THE PAMPANGA RIVER BASIN
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The Survey Team made the field investigation of the. M'ilatc site where the observatlons of water
level and discharge are now conducted by BP.W. and found that it is not a suitable site because of the
river channel being unstable extremely; so the Team selected Sapang Buho immediately below the
confluence. with the Santor River, about 10 km upstream from Malate, A rain gauge will be installed at
this site together with a river stage gauge to grasp the ramfall data of the middle Pampanga Area, in
cooperation with the Papaya station. The length of the river channel between Sapang Buho and the
confluence with the Rio Chico is about 100 km, and it is believed that the travel time of flood between
them is more than 20 hours. As, of course, any gauging of flood water level and discharge has not
conducted so far at Sapang Buho, it is necessary to start such gauging promplly, to grasp the relation
between river stage and discharge,

2. La Paz (Area of basin 1,760 kmz) '

La Paz has the same significance in regard to -the upper Rm Chico area as Sapang Buho. Thé Talavera
River and two other tributaries join' the Rio Chicho River at the upper stream of this site, and the
integrated discharge. of these rivers will be grasped at this station for flood forecasting and warning.
The length of the river channel from La Paz-to the confluence with the main river is aboutl 3.5 km.

Because, when a great flood occurs, the ﬂood water will overflow from this site widely mto the
plains on the both banks, it cannot be expected to grasp the accurate discharge based on the river
stage. However, being unable to find better site, it is compelled to select here. The rain gauge to be

installed here will give an mdlcatlon to know the amount of ramf'all in the upper and lower Rio Chico
areas. :

3. Papaya

This station is chiefly for grasping the ramfall in the Pefiaranda Rlver watershed and estmmtmg the
discharge of the middle Pampanga Area.

4. San Vicente

This. gauge station is selected for examining the discharge of the main Pampanga River upstream from
this site which is gained by adding up the discharge of the upper Pampanga Area once grasped al
Sapang Buho and that of the middle Pampanga area estimated from the amount of rainfalls gauged at
the Sapang Buho and La Paz stations, and at the samme time it grasps the amount of inflow into the
Candaba Swamp through the Cabiao—Candaba Floodway. -

5.  Arayat

This gauge station of which data will give the amount of outflow from the San Antonio Swamp into the
lower stream will constitute the most imporiant station——hereinafter referred to as the flood. forecasting
base station——in the proposed flood forecasting- and . warning system. ‘A proper regard is required for
possible change in the relation between river stage and discharge due to excavahon of the river channel
and etc. under the river improvement pl‘O_]eCt : ‘

6. Blak na Bato

This station will, together with San Rafael- statxon inform the amount of rainfall for esumatmg the
 discharge from the Caridaba tributaries. In this, of course, the amounts of rainfall gauged at the Papaya
and San Rafael rain gauge stations-as well as at the San Vicente, Arayal and Candaba stream gauge .
stations must be fully utilized as referrence data. The discharges from the Candaba tributaries must be’
carefully treated with as they have direct influences on the: accuracy of flood forecasting and warning.
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7. Candaba

This station will supply flood forecast to the target areas, 1 Candaba area and 2 the right bank area of the

main Pampanga River below ‘Arayat. That is, since the water level of the Candaba Swamp has the most direct

influence on-the Apalit-Arayat ‘Arnedo Dike, areas within and around the Candaba Swamp, and the fuse

dikes provided on Apalit Arayat Setback Levee, the flood forecast will consist mainly of forecast of the water -

level of the Candaba Swamp, so that the authorities concerned and the residents will be able 1o take necessary
_actions based on the forecast :

.8. San Rafael

This station which will catch the data of rainfall in the southem part of the Canduba tributaries will be
established independently in Case I or togethered with a repeater station in Case II. '

9. Ipo

This station will grasp the disc'harge of the Angat River and forecast any overflow of the river into Plaridel -
and Pulilan on its lower stream. The length of the river channel between Ipo and Plaridel is about 70 km,
and the travel time of flood between them is believed to be more than 12 hours.

10.  Apalit

This station is the basic flood forecasting place to the target area 3, the delta area below Apalit.
Since it is believed that the water level at Apalit indicates the discharge flowing down into the lower
delta area from Candaba Swamp through the three outlet channels of Sulipan, Calumpit and Bagbag,
flood forecast and warning for the target area-will consist mainly of forecast of the water level at
Apalit,

It is necessary to pay attention to the fact that the area especially low in the lower delta area s
more affected by the tidal range of Manila Bay rather than the flood discharge. In particular, as
" smooth inflow and outflow of tide are difficult in some places. It seems that considerable time lag behind
the normal ebb and flow is occurring, the river discharge combined with this may well cause inundation
at unexpected place and time. Therefore, in order to realize an effective flood forecasting and warning for
the lower delta area, regard should be also paid to the tidal range. -

414 Procedure of Flood Estimation, |
1. Basin of the main Pampanga River

- The dlscharge and the water Ievel at’Sapang Buho and the local mﬂow computed from the rainfall in the
basin of middle Pampanga River will be used to estimate the runoff of the main Pampanga River for the
.proposed flood forecasting. The rainfall data of the Sapang Buho, Papaya and San Vicente stations will be
used for estimating the local inflow. It is one of the' measires (o use the unit hydrograph mentioned in
section 3-8 for the estimation of flood runoff, However, 1t is necessary to devetop more accurate technique
for estimating runoff in. future.

' The water level at San Vicent is used for checkinig the estimated runoff of the main Pampanga River
and at the same time used for dezermmmg the inflow into the Cablao Candaba ﬁoodway

2. Basin of' the RIO Cluco River

“The water level and discharge at ‘La Paz and the local inflow computed from the rainfall in the jower part
of the Rio Chico River Basin will be used to estimate the runoff of the Rio Chico River for the proposed
flood forecastmg The rainfall data of the La Paz and the Arayat stations will be used for estimating the
local mﬂow Concerning the techmque of runoff estimation, the same thing ‘as above 1 is referred to,
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3, Cz!‘ Jdaba tributaries

The rainfall -data at Arayat Biak na Bato, Candaba, San Rafael and Apalit stations will be used to estlmatc
the runoff of the Candaba tributaries in the proposed flood forecasting system, About the techmque
of runofl' estimation, the same thing as above 1 s referred ta.,

The basin has the area of 1,485 km2, mclud:ng the ‘swamp, -of ‘which water surface extends to as
much as 300 km2 at flood time. As the tributaries flowing into the swamp have short stream stems,
except the Angat River lying in the southernmost, not sufficient time for flood forecasting is left if
the runoff of these tributaries is to be measured based on the river stages, Therefore, the coniribution of
these tributaries is compute'd from the rainfall data for the proposed flood forecasting.

As for the Angat River, the discharge of the Ipo Dam is gauged to estimate the water level at
Sulipan. .

4. Swamp area

The water level of the swamp will be estimated for the forecasting purpose. This level is estimated on the _'
assumption that the balance between the inflow and the outflow of the swamp is stored in it.

The swamp has a slender shape in the direction of the north and the south and the water surface area
is 200 km2, with the capacity of 1,000 millibn m3 at the highest water stage in 1960 flood. In the analysis
described in section 3-8, 1 good result has been obtained on the assumption that the water surface slope of
the swamp is fixed and the outflow from the swamp has a2 functional relation with the water level at
Sulipan. Whereas, a detailed examination reveals that the water level of the swamp does not show simple
fluctnations. When the Angat River runs off’ soon, the lower reach has the peak of the water level soon.
With the improvement in the accuracy of discharge gauging and the examination of the hydraulic
characteristic of the swamp, in future, it will become possible to make sufﬁclently uccurate forecasting of
the water level in the swamp.

4.2 'Tele'metering Facilities
4-2-1  Data collection for Flood Forecasting

There are two systems usually used for collection of data, one is non attendant system using telemeter and
the other is attendant system usmg, -radio telephone The advantages and disadvantages of these two systems
are discussed hereunder. o ' : '

a.  Time required for data collection.

No problem arises- on the radic telephone system in which the number of gauging stations is small.
However, in such a case as this project in which the number of item.in data to be collected amounts to
17 and the number of stations is expected lo increase in future, the operat:on at the control slation wnll
be difficult and much time is required {or collectmg dala

In the telcmetenng system, the gauging Statlons respond strictly in accor(ldnce with mstructlons from
the control station and the requ:red time is only 5 to 7 seconds per data per station,

Even'if the number of gaugmg stations increases in futurc,_nccessary d_ata for flood forecasting of
the Pampanga River can be collected -within about 3 minutes by the telemelering system. -

b. Collecting data is poésible at any timﬁ by telemeler.
In the case of the radio telephone system it mvolves many dlfﬁculims to assign personnels for duty
throughout a long flood period in conduclmg the gauging operation dlrcctcd from the center at optmnal

Umes

The telemeter system’ enables us to conduct the gaugmg operation at any time and collect detailed
data. For "xample a peak stage can be nccurately known by l‘requently observing the water level.
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Th.e telemeter system also enables us to collect data easily even from the place where the personnel
is compdlcd to refuge or the place becomes in accessible during a flood. Therefore, it is possxble to
collect data safely by the telemetenng system throughout a flood penod

c. Readmg out and transmission.

Reading out by man involves personai difference and errors, but, in the case of- telemetering . system, since
the reading out is conduced by machine and in digits, the operation is always accurate and stabilized and
there is_nd mishearing as in the ¢ase of voice communications on radio telephone. Also, the results of
every pauging are automancaﬂy recorded in print and preserved so that they may serve as defimle
evidences.

It is concludcd that the telemetering system is smtable as the data collection system for flood
forecasting of the Pampanga River, taking into consideration the great volume of gauging operations and
the flood extending a long period of time.

422  Frequency Band

The HF band (from 3 MHz to 30 MHz) and' the VHF band (from 30 MHz to 300 MHz) are compared
with each other as follows.

The HF band has an advantage of no need of repeater station, but as the condition of the radio
transmission varies from daytime to nighttime and is affected by the solar activity also, it is necestary to
provide from two 1o four frequencies so that the oplimum frequency can be selected at all times. The
signal-noise ratio (8/N} of HF is inferior. All these make it unsuitable for non attendant telemetering
system to adopt the HF band. '

As the VHF band makes it possible to form a network with excellent S/N, stabilized throughout
the year, a telemetering system using the VHF band is planned.

423 Network of telemetering system

As the result of the studies camcd out on the basis of the map on the scale of 1 to 50,000, the follow-
ing two plans have been selected for the network of telemetering system of the Pampanga River Basm

Case I indicates a repeater station to be established on Mt. AI‘HYAI through which all the gauging -

* stations will be connected to the control station. Alihough it is better to locate the repeater station in

the place as high altitude as possible, it will be suitable to locate it on the easternside slope of El. 200m,
taking into consideration the convenience of maintenance. In this plan, 30 m above the ground level is
sufficient for the hight of the antenna of the control station, and 7 m above the ground level for the
antenna of the repeater station. The neccssary frequencies in this case are the two frequencies separated by
more than 2 MHz with each other in the VHF band (60 MHz or 150 MHz). :

In case I, two repeatcr stations will be established, one at the site of EL. 66 m, about 3 km to the
northeast of San Rafael (hereinafter referred to as San Rafael) and the other at Cabanatuan Six gauging
stations at Apalit, Arayat, Candaba, San Vicente, Biak na Bato and the Ipo Dam are respectively connected
to the control station through the San Rafael station, and the remaining three gauging stations at Sapang
Buho, La Paz and Papaya are connected to the control station through Cabanatuan and San Rafael repeater
stations. The San Rafael. station is to function as a rain gauge station as well. The antenna height above
the ground level needs to be more than 35 m for the. control station and more than 30 m for both of .
the repeater stations. The necessary frequenmes in this case are three frequencies separated by more lhan
2 MHz with each other in VHF band..

In addmon monitoring facilities have been planned in the Apalit. Ofﬁce The data transmitted
from respective gauging stations at the request of the control station are recorded in the typewriter of the
control station and at the same time are monitored and recorded at the Apalit Office, to use them as the
data for makmg a judgment of .conditions necessary for the field office.

In boih cases, about 7 m above the ground leve] suff‘ ices for the antenna height of the gaugmg and
monitoring stations.



4-2-4  System design

Profile maps

prepared from the map oh the scale of 1 to 50,000 ._ar,e shown in the APPENDIX V.

The system design has been carried out on the assumption of adopting the most usual 150 MHz band

among VHF bands.

Various calculations have been made based on the following values, the free space

loss 32.4 + 20 log F (MHz) + 20 log D (km), which are generally employed, fading loss 0.1 db/km,
receiver noise power —117 dbm, SN improvement factor 24 db and threshold level—108 dbm;-

(The last 3 values are usually used in Japan for calculating the radio propagations of 150 MHz band
signals) Caleulations have also been made under the assumption that the transmitting power is 3 W

and the antennas for the repeater statlons and other stations are 3-stage collinear type and 3- element Yagi
lvpe respcctlvely

Thc calculated values are shown in Tables 4-2,

An example of rdle c1rcu1t des:gned for transm:ssmn between the control station and Mt. Arayat
is as follows.

oF

4-2-5

@9@@@99@@@@0@@

Transmitting power 3 watt

Free space loss for 71.6 km

-Additional loss

Feeding circuit loss

Antenna gain  Yagi 3-element

Standard received power
Receiver. noise power

Carrier §/N

. S/N improvement factor

Standard $/N

Fading depth

Total S/N (fading)

‘Minimum Power at thréshold (Tllreshold level)
- Fading _tﬁargir_l (standard)

Fading mm_'gin (fading)

10 Iog 3 x 10%) =34.7 dbm |

32.4 + 20 log 150 (MHz)+ 20 log 71.6 (km)=113 db
-add 20 db of terrain factor

0D - 2V 50m x 0.06 db/m= 3 db

8 db (isotropic gain), 3 stage collinear 6 db (isotropic gain)

O-2D-3)-@H5) = 873 dom
117 dbm |
() - (D =297 dv

24 db

+ () = 537 db
0.1 dp/km x71.6km= 7.2db
@ - @D = 46.5 db
108 dbm
®-0 = 207 db-
- @ - @

13.5 db

Studies on the network of tele'metermg system

In planmng the present telemetenng network the most attentlon has been given to des:gnmg a stablhzed
system w;th ﬁufﬁcxent capacity, convemence of mamtenance and capac:ty of expansmn in. futurc

From the v1ement of stablhty of channel, the Ipo Dam site has poor hne ofsxghl w1th large
shielding loss anticipated. Therefore, it has been planned to raise the elevation of radio station bulldmg

by laying the cable of about 300 m'in length up to a nearby high point.
cannot be also secured between that point and Mt. Arayat.

Sufficient fading margin
After reconnaissance of the site, it was

found that the radio station could be easily raised up to a sufficient elevation by increasing the length of
_cable. Then, it will be easy to select an optimum site, where " adequate margin’ can’ bc secured; by

Lonductmg transmissmn test of radlo w.we
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[t is expected that satisfactory circuit S/N ratio and fading margin can be secured Jor any other
spans.  An ¢stimation based on the examination of map shows that about one hour will be needed 1o
veach the proposed site of repeater station on Mt. Arayat from San Juan on foot, which scems to
present 4 problem on maintenance.  Therefore, the repeater station is planned to be equipped with two
sets, working and standby, so that in case of the failure of the working set, the operation is automatically
shifted to the standby set, together with a device by which these switching over of working and standby
seis and supervising of ‘operating conditions can be done by remote control from the control station.

it is POSSlble to establish the San Rafael repeater station on a site being about 15-minute walk from
the point accessible by motor car and the Cabanatuan repeater station on a site nearby the road. As
this makes it compardtlvely easy to perform maintenance, repeater eqmpment is planned to have 0nly
working set.

Each one spare.set of the telemetering. terminal equipment and radio equipment for slave stations
and radic equipment for repeater stations is to be stored at the control station, so that in case when any
* trouble happened in one of these stations a service man can be dispatched there from the control station
to replace the defective set by a spare. -

Future expansion. of this network will involve mainly the establishment of telemetering rain gauge
stations in the head water area. However, in Case I, Mt. Arayat will constitute a shield to the direction
of Bamban. This obstacle can be overcome by using the San Vicente or La Paz static.i as an auxiliary
repeater station.. As to the rain gauge stations on the upper stream basin of the main Pamrpanga River,
their sites are expected to be selected comparatively easﬂy by transmission test as the elevation of the
ML, Arayat repeater station is sufficienty high.

In case where Case II is adopted, there seems to be little questions for radio transmission in the
-direction of Bamban, but rain gauge stations on the upper siream of the main Pampanga River will be
required to be established on a site’ of comparatively high elevation in order to reduce any shielding loss
due to the intermediate mountains standing between, because the ground height of the antenna of the
repeater station is low.

In Case I, either Manila or Quezon City may be selected as the site of the conirol station, both of
which are available for making good circuit 10 the repeater station. In Case I, the control station in
Manila can obtain a good circuit to the repeater stations. The topography between Quezon City and San
Rafael seems to constitute a shield, bur it is impossible in this survey to examine it, as no detailed map
of Queron city has been made available. Therefore further study is necessary for establishing the control
station in Quezon City.

As ufofemenlio_ned, the above examinations have been made on the basis of the map on the scale
of 1 to 50,000, therefore; prior 10 implementing any of these plans it is definitely necessary to confirm

the feasibility by transmitting test of radio waves and make modifications as may be required.

Comparison of advantages and disadvantages in Case I and Case I is summarized ax Table 4-3.
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Table 4-3 Advantages and Disadvantages in Case 1 and Case 1I

. Case ! o . Case Il
Contro} Either Manila or Quezon City cat Manila. is suitable, but Lopographlcal study on
station be selected as the site. o propagation of electric wave has to be made _

for Quezon Clty as the 51te

Necessary anterm.n height is 30 m Necessary antenna lleight_ is more thén 33 m
above ground level. _ above ground level,
Repeater Sufficient ant'enna'height is about 'Necessary antenna height is more than 30 m
station 7m above ground level, above ground level. .
' As its site is"on a mountainside - |- Either site permits motorcar to have access
requiring about one hour walk by to the near point, thus no diffi cumes are’
-estimate, some difficulties are involved for maintainance.
| involved for maintenance. :
- -
Number of | Two radio frequencies are ' Three radio frequencies are necessary.
necessary Tniecessary, B : i
frequency
Circuit Every station has sufficient margin. Every station. has sufficient margin.
margin : '
rExpansion Comparatively few restrictions. Some restrictions due to 't0pograpl_ﬁcal rearons

in future ' : : for stations in-upstream areas,

4-2-6  Main Specification of Telemetering Equipment
(1) Control station "

The control station is designed to be capable of calling up the rainfall or water level gauging stations
dispersedly located at various points successibly at predetermined or optional times to make them s
transmit Observation data for tabulating and recording in the control station. That is, the calling

selection of stations and direction of dala transmission can be camed out by the followmb three method

1. Automatic call of aIl gaugmg stations at ﬁxed times (fixed time call of all slations).

2. Manual call of all gauging stations at optional _ﬁmes (Manual call of all stations).

3. Manual call of a particular station at optional time (dptional éall).

The fixed time call of ali stations will be such that it can carry out aytomatic calling of all
“stations in 4 fixed order- at the required intervals of data collection (four kinds of optional intervals
" ranging from 10 minutés to 24 hours can be predetermmed ‘and set) by means of the clock devxce

instead of manual operatmn '

“Manual call of all stations will be such that it can call‘all stations in a fixed order at any time by.
- pushing the button when data coflection is needed, irrespective of the clack device.

The optional call will be such that it can czﬂl any parhcu[ar statlon by pushlng the button
concerned at any time. '
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Photograph 4-1 shows an example of a control station in Japan equipped with this kind of
telemetering eqmpments Fig. 4-3 is ils block dlagram, and Table 4-4 an example of recording form,

Table 4_-4 Example of page type printing

Rainfall and Water Level Observation Values

NAME OF GAUGING STATION
DATE TIME STATION | STATION | STATION | STATION
XX XX XX XX
05 12 0900 235 651 211 407
0921 251
_ 1632 263 679 250 437
05 13 0900 264 685 250 437

(2) Rainfall gauging system

The measurement of rainfall will be made by a tipping bucket rain gauge and converted into
coded signals by a digital signal converter.

After accurate measuring of rainwater received through a receptaclé at every | mm of rainfall with a
_tipping bucket, the signal converter will be driven by one digit. The signal converter is to be of three
_digit (0 to 999) decimal indication type.

An example of a rainfall gauge station in Japan is shown in Photograph 4-2(1), and the equipment
of such statjon is shown in Photograph 42(2) A block diagram of a rainfall and water level gauging
station is shown in Fig. 4-4.

(3) Water level pauging system

The water level gauge of float type which follows the change of water level will be instalied. It
is capable of converting the water level values accurately into coded signals by translating the change in
levels of float which is hung by the wire with beads into the revolutions of sprocket pully, and in turn,
by driving the analogue digital converter which is geared with pully shaft. The measurable range is
from 0 to 999 cm (less than 10 m} in 3 decimal digits. If a range more than 10 m is needed, this will be
satisfied by switching the scale of one digit for 2 cm ol' water level.

An example of a water level gruging station in Japan is shown in Photograph 4- 3(1), and equlp
ment of such station in Photograph 4-3(2).

(4) Control system of a repeatér_ station
Since any repeater station is non-attendant and, in particular, difficulty is foreseen for the main-
tenance of Mt. Arayat station, its operating situation has to be watched from the control station. It
is capable ol keeping watch over power source condition while the working and standby sets of radio
transmitter/receiver are in operation and coducting switch on control in case of any f'allure of these sets,
Since the repeater station other than Mt. Araydt is loca'ted at the site where maintenance is
comparatively easy to perform, repairment of failure may be carried out whenever it occurs.
A block diagram of the repeater station is shown in Fig. 4-5.

(5) Monitor staiion

The Sulipan station will be equipped with the facilities to monitor the trausmlsswn of observed
" data which are to be collected to the control station.
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Photo 4-1 Control Station
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Facilities of Rain Guage Station
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" The facilities can monitor, signals of measured data transmitted from respective. gauging stations

and record and indicate {hem but the momtormg station itself -will not conduct any calling operation,
different from a control station,

A block diagram of the monitor station is shown in Fig. 4-6.
(6) Power source
*.Since most of gauging and repeater stations are established in the areas scarcely pro»;ided-with
power sources, the solar cell battery will be used for supplying power to the radio transmitter/receiver and
signal converter. As it needs to have the battery charged in order to supply enough power even during
nighttime or bad weather, the floating charge system will be adopted combining the solar cell battery with

the storage battery. The control station will be equipped with a standby generator for an emergent
purpose.- An cxample of the solar cell battery is shown 1n Photograph 44,

4-2-7  Maintenance of Telsmatering System
(1) Regular inspection

Daily inspection

The control station will call gauging stations and inspect opcratmg conditions of respective
equipment by the printer etc.

Monthly inspection

. Inspection of the power source, terminal and radio equipments of the control, repeater and slave
stations will be conducted (half-monthly in a rainy season). Measurement of the signal level and S/N
ratio of each equipment will also be conducted before and after the flood scason.

Annual inspection

Inspection and adjustment of each part of the system will be conducted, of which work is to be
contracted ‘to the manufacturers,

(2) Measures after inspection

If it is found that a measured value differs from the stanclard value,.the equtpment should be.
adjusted or repdlred in standrnrd condmons

“The results of inspection Will be recorded in the Inspection Report shown in Table 4-5 -

(3) Maintenance cost and .others

Inspection will be conducted half-monthly in the rainy season and monthly in the dry season. -

~In the rainy season. = . 12 times y _
. - 18 times

In the dry season - 6 times
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Solar Cell Battery

Photo 4-4 _
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Table 4.5 Inspection Report for Telemetering equipments

Station Name MANILA SULIPAN
ltem Action | Note Action Note
Antenna
Antenna - Feeding Circuit
Transmitter
Radio Receiver
Pawer
Currier
. Transmitler
-,;I:e!cmeier Recciver
Measure
Battery
lf Solar Cell
f;urct-:s. © Charger
ec.:lrlctly Reserve Generator
Others
Circuit §/N
Synihesis
Action
Stalement Describe here any trouble and serious problem.
Table 4-6 . Maintenance cost of telecommuaication system
i - Fuel af u service car
Gasoline P 2,000
Mobile oij, wasie, ete, Po200
b.  Periodic service cost of Jeep P 1900
¢ Maintenance, repair and service cost
Control .slulion P 1,500
Gauging stution PLO 000
-d.  Annual periodic .maintenance cost
(one service man to be dispatched from the
manufacturer for two weeks)
Air passenger fare (round trip} P 1,200
Subsistence P 2,300
TOTAL P19,100 Say P20,000
$5,130)
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43 Housing Facilities
431 Rain Gauge Station

- The followmg Table 4-7 shows the rain gauge stations whlch need to be weli arranged in order

to collect rainfall data for fiood forecastmg cnmputatlon

Table 4-7 List of rain ~pauge st'atidns .
No. Station Location of Station River Basin - Remarks
1 | Papaya Papaya, N.E. Pefiaranda R. -
2 | Biak na Bato| Biak na Ba;o, San Miguel: R.
Builacan '
3 | Sapang Buho Bongabon, N.E. Upper Pampanga To be instailed in the
R. ' telemeter liouse of he
water level gauging station.
1 To be installed in the
4 | San Vicente Cabiao, N.E. Upper Pampanga telemeter house of the water|-
' ' R. ] level gauging station.
5 | Sto. Rosario Zaragoza, NE Rio Chico R. . To be. 1nstalled in the hut
S o : S of ‘the water level g'tugmg
_statlon
6 | San Agustin Arayat, Middle - To be installed in the
(Arayat) - Pampanga Pampanga R. telemeter .station house -
' -of the water level gauging
. staticn,
7 | Candaba Candéba, Candaba Swamp To be installed ‘in the
' Pampanga ~ hut of the water level
' gauging. station.
8 Sulipan Apalit, Pampanga Lower "To be installed in the
(Apalit) - : ' Pampanga R. . telemeter station house of
: the water level gaugmg
“station,
9 | lpo Dam-: Norzagaray, Angat R. Tc; be msmu‘:,d mhthe P
Below Bulacan telemeter station .ouse 0.
: o _ _ the water level gauging station.
10 { San Rafael Ban Rafael, Angat R, In “case’ I, to be installed
L " Bulacan . SRR - in the repeater station
house.




. i} As Papaya and Biak na Bato stations will be newly established for only rainfal_l observation,

. concrete hollowed block (C.H.B.) structure with floor space of 1.75 m x 1.85 m is adopted for the
station house. A receptacle of the rain gauge. is set on the roof of the house and the main part of rain
gauge and telemeter equipments are installed in the house (Type B). A telepole is made of steel pipe
and. an antenna is ﬁxed ‘to the telepo]e at 7.m in helghl ‘above ground level,

iiy - Five rain gauges at Sapang Buho San Vicente, San Agustm Sullpan and Ipo Dam Below are to be

"i_nstalled in the water level gauging station.” The house of CH.B. structure with floor space of 1.75 m

x 1.85 m is to be built for each rain gauge. A receplacle of' the rain gauge is set on the roof of the

- house, with the main part of rain gauge and telemeter eqmpments installed in the house (Type B). A

. water gauge is installed in -the water level gauging house. A telepole is made of steel pipe and an
antenna is fixed to the telepole at 7 m in height above ground level. :

i) At Sto Rosario and Candaba each rain gauge will be mstalled in lhe house of water level gauging
station. A receptacle of the rain gauge is set on the roof of the house, and the waler gauge, the telemeter
equipment as well as the main part of the ram gauge are installed together in the house (an automatic
water level recorder statzon - - Type B). -

iv)"  As the San Rafael station is to be_ newly established as a rain gauge station in Case I, the station
house and the telepole are to be the same as those of Papaya and Biak na Bato gauge stations.

In case [ a repeater stallon will be estabhshed at San Rafael, then a receptacle of the rain pauge
is set on the roof of the station house; with repeater and telemeter equipments as well as the main part
of the rain gauge installed in the house. The house of C.H.B. structure with floor space of 1,75 m x
225 m and a_ relay steel tower about 30 m high will be erected at the station.

4-3-2  Water Level Gauging Station

The following Table’ 4-8 shows the bas;c waler ]evel gaugmg stations to be well arranged to collect
water level data for flood forecaslmg computation,

Table 4-8  List of the basic water level gauging stations
No.|.. Station Location of Station River Basin Remarks
1  Sapang Buho Bonéabon, NE Upper . l’I‘o be newly established,
N.E. Pampanga R. '
2 San Vicente San Vicente, Upper

" Below

Cabiao, N.E. Pampanga R.
"3 | Sto. Rozario - | Zaragoza, N.E. Rio Chico R. Automatic operation. of
{La Paz) o recording,
4 | san Agustin_ | Arayat, Middle
(Arayat) Pampinga Pampanga R.
5| Candaba .C'and:aba, Candaba Swamp ‘To be newly established, .
‘ ~ Pampanga Pampanga R.
6 'Sul.ip_ar'\ _ Apalit, Lower
a (Apalit) - ‘Pampanga Pampanga R.
.7 | lpo Dam Norzagaray, Angal R,
Bulacan
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i) . The Sapang Buho gauging station wm be establlshed meedmtely below the conﬂuence of‘ the main - .~
river with the left tributary, Santor River, Smce this station is located on the transition zone from :
hilly area to plain, the slope of river bed is steep and -great velocity of flood flow is expected,

Then a water level gauging station of reinforced concrete structure has been designed for this station,
The river cross section of this site ‘consists of terrace with a sheer cliff about 20 -m on the left bank
and gently sloping sedimentary layers about'5 m above the normal water level on.the’ right bank, _
The gauging station is to be built on the. left bank more preferable in. veiw of topography and access
to road. "As it is believed that the elevation of flood level will not exceed 10 m above the normal
water level estimating from the discharge at Malate in ‘the- past, the depth of the gaugmg ‘well is
decided as 10 m, . The inner diameter of this well will be 0.6 m as the water level gauge of  float
type is adopted. The concrete tube of 0.4. m in inner diameter is used to conduct water into the -
gauging well from the fow water channel and a gauging house of C.H.B. structure is erccted on the
gauging well. The catwalk of I beam is provided to ease-the maintenance and inspéction (Water stage
station, Type A). The telemeter equipment which is installed in a station house to be built'on the
terrace of the left bank, taking account of the propagatlon of . radlo wave, is used ]omtly wnth the
rainfall gauge station. (Statmn House, Type B).

ii)  The Sto. Rosario (La Paz gauging station which is situated below the confluence of Rio Chico with
the eft tributaries of Talavera River and two otliers,’ being now equipped with staff gauge, will be

with self-recording gauge and telemeterrzeci Topographically, this site s in-a very flat plain, through -
which the low water channel of about 30 m in width meanders, As it is expected that its whole
neighborhood will be inundated. by a flood of medium - scale; this water level gauging station will’

consist of gauging well of corrugated pipe supported by a steel scaffold. ~ As the water level gauge

will be of float type, the inner diameter of this well will be 0.6 m. The depth of the gauging well

is.8 m as the e]evat:on of flood level is estimated not to exceed the normal water level by more than

8 m. The gauging house of duralumin structure is erected on a steel scaffold. (Water leve] gauging
station, Type B.). An antenna is fixed to the steel plpe telepo]e of 7 m in helght erd to the scaffold.

iii) = The Candaba. gauging station will be est'ibhshed in Candaba Swamp As the ground is soft and there

is no flow velocity a1 the site, a light weight structure such as a gauging well consisting of corrugated _
pipe supported by a steel scaffold is designed for this station. The depth of the well is 8 m, as the rise
of flood level is estimated ta be about § m. The gauging house of duralumin structure is erected on.a
steel scaffold. (Water level gauging station, Type. B) An antenna is fu\ed to the steel pipe telepole of
7 min hetght fixed to the seaffold

iv) _ San Vicente, San Agustm Suhpan and .Ipo Dam .Below gauging stations will use the. existing
augmg facilities; in addition to ihe new station house to be bu:lt in' the vicinity for ren.ewmg the rmn
gauge and the telemeter equipment. -

4-3-3 Disd‘large Gau'ging Station

_ As the water level forecasting at downstream point is muade using the amount -of .discharge, it is -~
necessary to grasp such amounts at the upstream basic point and the downstream forecasting point.
In order to improve the accuracy- of flood forecasting, i is necessary to revise the constants of the
formulas continvously by the discharge data under the latest conditions of the river channel, There-
fore, discharge gauging stations will be well arranged to carry out the flood discharge me15urement at
the minimum nELessary number of points ‘as shown in the fotlowmg ‘Table 4:9. :
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. Table '4-9_ ‘List of the discharge gauging stations

No.| = Station | Location of station River © Medlwi lemarks
J 'Sapaﬁg Buho | Bongabon, N.B. Uppér Drupping of ' To hc ncwly
- ' NE. . Pampanga float estahlished.
. R .
2| Sto. Rozario Zaragosa, ' Rio Chico | Boat, Current
1 {La Paz) - NE, R, meter
3 1| San ‘Agustin Arayat, ) Mlddle .| Bridge, Current
- | (Arayat) © | Pampanga ' Pampanga © meter -
' R.
4 | Sulipan -~ | Apalit, ' Lower _Bridge Current| Sulipin Br.
{Apalit) Pampanga Pampanga | meter Bagbag l3r.
. : R. ' Calumpit Br,
5 [po Dam Norzagaray - - | Angat R. Cable car,
Below Bulacan o _ Current meter |

i) Since Sapang Bulo is situated on the place of the topography above-mentioned and the flow
velocity there is estimated to be great during flood, the measurement of discharge will be conducted
using foats, Float dropper facilities will be required. The estimated width of the stream during flood
being about 150 m at this point, the span of cable will be of 150 m. On the left bank, the cable is
fastened {o the anchor block on-the lerrace, and on the right bank, a tower of 10 m in height above
ground level is crected. (See Genersl View of Float Dropper Facilities) Remote controf of float
dropping operation is conducted on the left bank, and material starehouse and « rest hut for the gauging
shffs is provtdcd on the terrucc of the same bank. .

i) As the width of the river is-wide and the fow velocity is small at the poinl of the Sto, Romnu
gauging station, discharge measurement will be conducted with a boat.

jif)  Discharge reasurement will be conducted at San ‘Agustin and Sulipan gauging stations with current
meters .onthe bridges. - At Sulipan, the measurement is made concurrently on Sulipan, Bagbag and

C'._llumpil Bridgcs. .

i) Dlechdrgc mcdwremcnt at the Ipo Dam Below gduglilg S[dllOI'l is to be carried out by the euslmg
cdble car. S

“Thus, ‘these gauging st.mons do not’ m:cd dny new ﬁcﬂmes but it is destrabie to build a Ldblll
- for the gaugmg staffs to rest. :
4-3-4  Houses of Control Station and Repeater Station
i) Manilu coﬁtro] slalion

Il the contro[ stalmn is estﬂbhshed in Mamla Clty, a steel tower of 30 min henht above ground
~level is required in Case [ and lhat of. 35 m in Case Ii.. Suc.h slec] tower is erected ordinarily on the -
rool of building. - Then, supposing the height of building is 20 m, a steel tower of 10 m for Case I or

'thdt of 13 m for Case Il is required {Steel. tower, Type Ad.

Il"is dcsir:lblc lu sécurc.u room !‘or the station near to the steel tower, |
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ii) Mt Arayat repeater station

As Mt. Arayat repeater station is built on the mountainside more than 200 m in altitude, radio tower of
about 7 m in height above the ground level wiil sufﬁce Accordingly, two telepoles of steel pile, 7 m in
helght above the ground level will be ‘erected. i

A station house will be of C.H.B. structure, with floor space of 1.75 m x 225 m to place the
repeater equipment. (Station House, Type A.).

iti)  Both Cabanaman and San Rafael repeater stations require radio tower of 30.m in height above the ground
- level. The self-standing steel square tower will be erected as one Whlbh can ‘stand against a wind velocity of
-6l m/‘s {Steel Tower, Type B.). :

A station house will be of C.H.B, structure with floor épace of 1.75 m'x 2.25 in to plice the repeater

equipment in it. In‘the San Rafael station house the ram gauge will be also put in it. (Statlon house, Type
A,

See Appendix with reference to drawings of Station House (Types A & B); Water Stage Station (Tyi)cs
A & B), Equipment of Float Dropper for Sapang Buho, Telepole and Steel Tower for Wireless (Types A & B).

44 Flood Foreeasting and Warning Organization
It may be-said ‘that the flood forecasting and warning serviée consists of the following _Four. operations.
L Obs‘ervat‘ion and collection of data. | |
2, An.alysis of flood estimation.
3. lIssuance and dissemination of flood forecast and warning.
4. Instruct‘:ion for ﬂqod damage prevention me_aéures such as flood fighting, évaﬁuat‘mn of residents, ete.

The cffective functioning of the flood forecasting and warning system will naturally require these
operations to be carried out smoothly, For this purpose the following plans are proposed as to the organization
-and system for conducting each of the operations.

-4-4-1 Establishment of Flood Forecasting Center

It is desirable to establish a flood forecasting center as an efficient organization for carrying out collectively -
analysis of data, estimation of flood and issuance of flood forecast which constitutes the important parts of the
flood forecasting activity. This center is to receive the data of rainfall and water level directly from the
telemetering stations to be newly established; it is also to be supplied with all the meteorological data and
the information about typhoon obtained by W. B. as well as the hydraulic and hydrological data and the
information about river conditions procured by BP.W. By analyzing all these data and informations the
center conduct the operations for estimating the occurrence, magnitude and arriving time of a flood, and for.

issuing the forecast and wammg as to'the dimension of mundmon change in behdvnour of ﬂood regardlmD
the tlme ete, :

The members necessary' to operate the flood forecasting center are to include at least the -followings.
a director . He will have the power _to execute the flood forecasting and warning and assume
the whole responsibility in respect of them. Therefore, it is necessary- to assign

a hydrologist or a river engineer (of division: chief level) who has a hl{,h dcgrec
of ‘expert knowledge and a nch expenence in such ﬁe[d
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a chiel in charge of forecasting .

He will analyze the meteorological, hydrological and hydraulic data and prepare

the flood forecasting and warning messages. [t is necessary to assign a

hydrologist or a river engineer {of branch chief level) being technically excellent,
N who is able to act in behalf of the director when a flood lasts for a long time.

a meteorologist ' He will analyze the meteorological data furnished by the telemctcrmg stations and
W. B. to estimate a flood.

a hydrologist He will analyze the hydraulic and hydrological data to estimate a flood.

Three assistant engineers

They will take charge of the arrangement of data and the delivery of forecast
and warning.

In addition to the ahove prmc1pa1 members, a small number of clerical employees- and drivers will
‘be necessary.

The activities of the flood forecasting center except at the time of flood include the researches for
the purpose of improving the accuracy of flood forecasting and warning and the betterment of the system.
Although the forecasting and warning operations are to be carried out by the staffs zbove-mentioned, it is
necessary to provide any shift for the time of a flood extending over many days. One or two relieving
groups for the staffs other than the director and the chief will enable the continuous operation of the
center, In this connection, a good policy is to provide with the staffs for that purpose in W.B. and
B.P.W.,, in view of the daily operations of these bureaus, so that they can be dlspalched to the center
only at the time- of a flood.

For maintaining and repairing the telemetering system to be newly installed, u telecommunication
engineer and two or more assistant engineers are required, This team of staffs io be attached to B.P.W.
or W.B,, being regularly stationed in Manila, makes a periodical patrol once a week or so for maintaining
the slave telemetering siations and the repeater stations and also is dispatched at once to the station to
-repair if any trouble in equipment occurred. For this purpose it is necessary to furnish them at least a
jeep so that they can have a quick movement in their activities.

For the purpose of improving the accuracy of the flood forecasting it is necessary to carry out the
ineasuremerit of discharge during a flood period at seven points on the five important sites for the time
being. . A group of five or six men will be needed for gauging the discharge by means of float or current
meter. It is necessary for B.P.W. to have some engineers who will be able to be the heads of several dis-
charge measurement groups. ' :

Since the data of various observations currently obtained by W.B. and B.P.W. serve for improving the
accuracy of the flood forecasting and the expansion of such [orecasting system, it is disirable to
strengthen the present observing orpanization, particularly the Cabanatuan Office of W.B. and the Apdl:t
Office of B.P.W., so that they can collect fresh data at the place and carry out the activities adapied to
the actual conditions.
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4-4-2  Kinds and Contents of Flood Fofecasting and Wa_ming and |4s' Disseminating _S-fstem
The measures to be taken against a flood on re}:eiving flood forecasting will include

(a) evacuation of general residen.ts, |

(b) flood figh(ing,

{c) Securing of facnlmes for public services such as road traffic, electrlcny supply and commumcallon
and

{(d) securing of public peace and order by the police, P.C. and armed forces.

Therefore, it is desirable to issue flood forecast and warning classified in three kinds, that is flood
cuation, flood warning and flood information,

The flood caution is for showing the extent of the estimaled scale of a possible great flood to the
general residents and the persons concerned, in order to call their attention to make necessary preparations
for the flood, The flood warning is for warning the general residents and the persons concerned to take
the measures against the flood, by showing the estimated dimension and time of occurrence of the coming
greal flood. The flood information is given showing the present condition of a flood and its estimated
change regarding the time thenceforth, so that appropriate measures can be taken 'against the flood.

In order to disseminate these fliood forecasting, warmng and information to those who need them,
the following channzls will be used.

a)  General residents — The flood {orecasting and warning delivered to those who assume the
responsibility for the safety of the residents, giving them an instruction to take refuge (city or
province governors, or municipality governors, are disseminated to the general resulenls through
barrio captains.

by  Persons voncerned with flood fighting — The flood forecasting and warning are transmitted to the
head in charge of flood fighting (municipality govermors or barrio captains), However, where the
city or the province is in the leading position for flood fighting such forecast and warning are to he
transmitted to the governor. It is desirable that the Apalit Office play an leading role keeping close
contact with .the field, : -

¢y Public utilities — The flood forecast and warning are transmuted to theu‘ head offices, who in turn
transmit them to thcu respectwe local agencles

d) Police foree, P.C, and Armed Force — The flood forecast and warning are transmitted - to their central
headquarters, who in- turn transmit them to their outstation detachment.

The study of communication ‘means for dissemination of the flood forecasting and warning through
the above-mentioned channels reveals that those who have their exclusive communication facilities are few
except the police, P.C. and armed forces. Therefore, the general practice is to use the telephone and telegram
However,.in case where there is no exclusive communication facilities, the multistage relaying method
necessitates much time and has possibility of many errors and inierferences, and it is presumable that the
communication by these means becomes impossible due to inundation during the flood period. - Accordingly,
it is proposed for the time being to adopt the delivery by means of radio and television broadcaslings
even though the means is only one way transmission, Any transmission channel is always necessary to
have an auxiliary channel, for which it is necessary to make arrangement for the use of exclusive commu-
nicalion Ffacilities of various organization such as the police and military radio channel.

T
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4-4-3  Others

The task. of the flood forecasting center is to furnish the publics with the information in the form
of flood forecast and warning prepared by analyzing the information based on the data supplied by W.B,
and BP.W. It will have a close relation with the task which has been performed by W.B. and BP.W.,
and such operations as the maintenance of the telemetring stations and the dispatchment of supporiing
staffs at the time of a flood will rather constitute a joint task of these three. Thus it is necessary to
deflne in detail the operations to be allotted among them so as to secure their satisfactory cooperation,
Since the radio and television broadcastings are to be used as the main channel of disseminating the
flood forecast and warning, it is necessary to establish a cooperative system for executing flood fore-
casting, in view of the obligatory broadcasting of flood forecast by the radio and television stations and
the use of the exclusive communication facilities such as the military radio channel, Further, it is
desirous from the standpoint of the importance of flood forecasting and measures against flood to arrange
the statutory regulations by the making of a law and others to define the responsibility and power in
carrying out these tasks.

B. | Coét Estimation
51 Conditions for Cost Estimation

The cost. of establishing the flood forecasting and warning facilities has been estimated on the
following policies,

1. The existing facilities for gauging rainfall, water level and discharge will be used for the proposed
system and no cost is estimated because any new facilities will not replace them.

2. Where the gauging facilities are existing, only. the radio station houses will be newly buill and of
which cost is estimated,

3. Where the gauging facilities are to be newly built, they will be designed so that they also serve as
iclemetering station houses as far a5 possible and of which cost is estimated.

4. The costs of these facilities and discharge gauging facilities will apply those estimated by BP.W,
staffs of the Philippines.  These prices have been estimated in peso at the unit cost as of December
1969.

5. The elemetering equipment and its associating water level gauge, rain gauge and spare parts, materials
for installing them and the service car for maintaining facilities have been ostimated in U S, dollars, F.O.B.
price at Yokohama, at the unit cost as.of January 1970, on the basis of those manufactured in Japan. -

6. Ocean freight from Yokohama to Manila, premium, handling charges and transportation cost
_from Manila to the sites of the equipments and materiais mentioned in paragraph 5 above have been

estimaled in peso at the price as of December 1969, based on the estimation data prepared by B.P.W. of
the Philippines, . . :

7. lustallation and adjustment costs are those necessary for Japanese engineers to install and adjust the
equipments at the site and have been estimated in U.S. dollars, at the price as of January. 1970.

8. Field guidance cost is that for one'cn'gineer specialized in flood forecasting and warning and two
engineers specialized in radio telecommunication to ‘conduct technical guidances for one and . two years
respectively in the Philippines, and has been estimated in U.S. dollars, at the price as of January 1970.

9. Training cost is that necessary for training two engineers in .charge of flood forecasting and warning
and three .those in charge of telecommunication for three months in Japan, and has been’ estimated in
* US. dollars, at the price as of January 1970.

[0. The exchange rate of U.S. dollar into peso is:

1 US.$ =39 peso
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§-2 Estimated Cost

The total cost for establlshmg the flood forecastmg and warning system of the Pampanga River is
estimated around U S S203 620 or P794 140 for Case'1 und U.8 S’724 920 or P877,210 For Case Ii.

Table 5-1  Estimated Cost in Case I and Case 1}

Casé I : - Case 'II
Us$ B us§ B

1. Housing faci_liti_eé . 26,590 - "103,700 47,740 186,200
2. Telecommunication

equipment, installation o : o

& tansportation cost, | 144620 564,030 144,770 564,600

etc. :
3. Training cost, efc. 32,410 126,410 32,410 126,410

Total cost 203,620 794,140_ 224,920 877,210

As a whole it is a little more economical to adopt Case I than Case {I. As to the facilities, the
construction costs of gauging and repeater station houses are the same in the both case, but the
construction cost of an antenna in Case II will need another P80,000 or so more than that in Case I,
because antenna towers of about 30 m high aré required at Cabanatuan and San Rafael for Case Il,
though an antenna pele of about 7 m to’ be erected on Mt Arayat will suffice for Case I.

Costs of telecommunication equipment for Case 1 are higher by about 10,000 than those for Case
M. This is due to that the repeater station for Case I needs auxiliary eqmpment and momtor as it is to
be built on Mt. Arayat being difficult for maintenance.

Training cost ete. are the same for both Case I and Case II.
Details of the respective cost are as sh0wn in Tables 5-2 and 5-3.

The Survey Team propose two a[ternaﬂve cases as the flood forecasting and warning system of the -
Pampanga River. The comparison of these two cases reveals that Case I is a little nore advantageous in
view of the coristruction cost as a-whole and considerable more advantageous in respect of housing
facilities cost, but from the standpoint of easiness and reliability in maintaining the repeater ‘station, Case

1l is more advantageous. ' There is scarecely naticed any difference of advantage between them ‘as {o possible
expansion of facxlmes in future : \

Although further examinations should be carried out based on the results of the on-the-spot test of
field strength among respective gauging stations, repeater stations and control station before making the
“final dicision on these two cases, it is believed that the proposed Case 11 should be adopted, since the
easiness and reliability of maintaining the. flood forecasting and warning facilities are the faciors to be
very seriously considercd in operating them, though it has a d1sadvantage of some increasing in’ construction
cost at the present moment. . : : :

Annual expenses for operating the orgamzatmn and facilities proposed in tlus report should be
appropriated in a separate account. Salary of staffs working at, and .light, fuel and water expenses for
keeping the flood forecasting center together with expenses for maintaining the- flood forer:dstmg and
warning facilities will amount to about B10 ;000 annually :
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The Japanese Survey Team consisting of nine experts has implemented their feasibility survey for
establishment of comprehensive plan of the flood forecasting system on the Pampanga River Basin in the
Philippines, " The team arrived at Manila on 19 November 1969 and has finished their works in the
Philippines on 18 December 1969 along the line of a plan of operation which was agreed by the
Government of the Philippines and the Government of Japan.

This is the interim report resuming the results of the survey and study up to the end of their
terms. It is_ understood that the final feasibility report will be submitied to the Governnent of the
Philippines by the end of March 1970, ‘

. Works implimented

.- Field works

During the period, the survey team has conducted field reconnaissance survey of whole
Pampanga River Basin, middle and lower basin, upper basin and Angat area respectively to
observe the featyres of the basin, river channel system existing observation facilities, river
_ improvement works, proposed places for telemetering system and telecommunication
facilities ete. :
2. Collection and study of data
All available data of the following itemns are collected and studied by the experts.

a.  Meteorological, Hydroingical' and Hydraulic observed data.
b.  Facilities for flood protection and river improvement.
¢.  Population, properties and other importam factors in frequently inundated areas,

d.  Existing related river improvement project and water resources development
projects and hydraulic analysis of foods.

3. Preliminary selection of location for proposed flood forecasting and warning system and
preliminary design and cost estimation for necessary facilities.

Il. . Target area and basic places for flood forecasting and warning services

It is considered that the target areas for flood forecasting and warning service are to be
{ocused on the following three blocks of the middle and lower river basin. ' '

1. Candaba Ared
2, Right bank area of the tain Pampangs River below Arayat Mountain,

3. Delta area below Apalit.

Most important factors which have to be taken into. account for flood forecast are over topping
or collapse of Cabiao-Gapan Dike and Cabiao-Candaba ring levee for the upper stream side of block
No. I, water elevation and its duration time of inundation in the Candaba Swamp and densely
populated arca around Arayat-Apalit Arnedo Dike for entire block No. 1, conditions of Candaba
fuse dike for block No. 2 and Calumpit-Plaride] Dike and Apalit-Bagbag discharge for block No. 3
respectively, ' S ' ‘

HI. Measures and facilities for flood forecasting and warning services

To approach to the above mentioned purpose the survey team considered so far at the end
of their-field survey-the {ollowing measures are recommendable as the first stage of the project.

- 1477,



1.  For Upper Pampanga River Basin, the flood runoff is to be forecast and ‘observed at Sapang
Buho from observed data on the proposed telemetering rainfall and river stage station at
Sapang Buho. The flood discharge is routed to San Vicente with modification by mtcrvenmg
flow computed from the rainfall at Papaya.

2. Contribution from Rio Chico is to be esumated and observed at La P':z :md routed to thc
joining point to- the Pampanga River.

3. Arayat and Candaba stations are considered’ ne(.essary for. giving 1nd1catlon of hydrduhc
behavigur of the main river channet and Candaba Swamp.

4, Contrlbutlon to Candaba Swamyp. from east bank snde is to be computed from mmfal[ at
Biak na Bato and San:Rafael stations.

5. Computing mcthod to trace the hydraullc behaviour for mlddlc and lower reaches will be
" introduced. : :

6.  Sulipan stati'on is required for tlood forecasting to the lower delta arca.

The comparison of SSB system and VHF telemetering system has been conducted carefully by the
telecommunication experts and it is concluded that the adoption of VHF telemetermg system i is the most
reasonable and practicable.

The attached figure shows two alternative proposed systems Although these two systems are
preliminary proposal and may be changed after further study, one of which will be finalized w1thout
much change by the time of submission of the report. :

Both proposed systems include seven telemetering rainfall and river stage gauges, three tclemetering
rainfall gauges and one master station.

The difference between two alternative systems is whether having installation of one relay station at
the side of Mt. Arayat or two relay stations in case of difficulty .of accessibility to the side of the
mountain. ' :

By use of this system. it is con51dered to. procure the falrly good flood forecast to the target arca
- about one day in advance.

It was noticed the deficiency of observed data on the hill and mountainous area. for extending the
" forecasting period. Continuation of obsetvation and establishment of new rain gauge stations on’ these
area are desired, although the existing weather radar at Manila can be utilized for estimating the rainfall
in the basin qualitatively. TclemeterlZ'illOI‘l of these stations is recommeénded as for second stage of

this project. : : :

IV. Cost estimation

The rough cost estimation is shown as follows:

Case 1 . © . Case I

Telecommunication |~ §100000 | $115,000 -
" Equipments and . e S S

Instrument

{F.0.B)

Housing Facilities |~ $22000 $55000

Transportation, $68000 - | £70.000
- Installation and : ' : 1

others-

TOTAL- - {90000 | = $240000
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Table A-1 Daily Rainfall (unit mm)

 Aug. 1948 ' ' Oct. 1950

No. of . _ No. of

Station 17 - 18 20 Stations 17 18 19
1 0.0 0.0 0.0 1 77.2 69.3 52.3
2 51.3 0.0 17.0 2 56.8 90.4 94.2
3 175 1.0 0.0 3 31.2 26.4 26.9
4 0.0 31.2 3.0 4 60.1 33.7 29.9
5 0.0 0.0 24.1 5 0.0 0.0 8.8
6 00 49.0 6.0 6 0.0 0.0 0.0
7 10.4 10.1 0.0 7 0.0 1.0 350
8 0.0 22 139 8 0.0 0.0 0.0
9 8.1 0.0 0.0 9 0.0 12 27.9
10 0.0 0.0 0.0 10 149 139 0.0
3 0.0 309 309 1 119 20 17.0
12 10.1 60.1 5.0 12 0.0 0.0 0.0
13 0.0 1.0 56.8 13 0.0 0.0 5.0
14 0.0 93 54.1 14 0.0 2.0 1.9
5 0.0 TRy 170 15 0.0 0.0 0.0
16 8.6 11.4 29.9 16 3.0 0.0 0.0
17 15.2 431 | 370 17 0.0 00 | 81
18 0.0 182 459 18 9.3 00 20.0
19 26.6 50 | 240 19 27 40 0.0
20 429 22,0 29.9 20 0.0 0.0 0.0
21 487 30.2 220 21 0.0 0.0 10.9
22 31.2 33.0 152 22 58 1.0 0.0
23 264 335 - | 744 23 8l 00 00
24 22.6 81.2 102.6 24 6.8 0.0 0.0
25 513 1 13 50 25 12.1 1.0 0.0
26 726 | 20 220 2 00 | 10 0.0
27 00 | o0 0.0 27 0.0 0.0 0.0
28 0.0 00 | oo 28 00 271 | 160
29 2.0 139 - 0.0 29 7.1 1 00 © 00
30 15 00 ! o0 30 4.8 10 | 71
31 50.0 88 ' 0.0 31 00 0.0 0.0
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‘May 1966

Ne. of

" Station - | 4 5 1 1 31 33 34 35
1 | 104 | 00 | 00 | oo 00 N 104 | 00
2| 1o 0.0 0.0 0.0 0.0 N 0.0 0.0

3 | 27 | o0 0.0 0.0 0.0 N 102 0.0

4 | 00 00 | 00 55 | 318 N 2.8 2.0

5 0.0 0.0 | 00 0.0 0.0 N 0.0 0.0

6 | 403 00 0.0 0.0 13 | N 40.1 259

7 15 00 | 266 0.0 279 N 1.5 23
.8 9.6 00 | 533 20 | 13| N 9.6 2.0
9 40 16:2 3.8 46.7 26.7 13.0 4.1 0.0
10 | 264 | 147 | 406 | 355 | 251 460 | 264 | 431
11 419 | oo 0.0 0.0 279 0.0 419 3.1
2 | o5 | o0 | 101 | o0 10.2 0.0 0.5 19.3
13 | 00 1.1 0.0 20.8 0.0 0.0 0.0 5
14 0.0 101 | 00 0.0 0.0 0.0 0.0 0.0
15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
16 | 60 0.0 0.0 5.5 28 | 00 6.1 0.5
17 | 982 0.0 00 | 142 36 79 | 983 | 184
18 | 99.0 0.0 25 | a4z 310 | osel | 99 30.2
19 | 817 11348 | 279 | 1831 | 1974 | 2664 | 1320 | 1522
20 |1036 | 1132 | 127 | 1084 | 1059 | 1704 | 1037 | 1041
ca1 | 23 840 | 787 | 20 | o5 | 220 | 231 310
22 __22_;6 | 762 .| 1803 259 0.0 a8 | 226 10.4
23 |1348 | 640 | 09 53 | 200 | 160 | 1349 35.5
24 |30 ua | oo 05| o0 00 3 0.0
25| 34s 93 | 76 | 177 86 | 231 | 345 12.9
26 |80 | 106 | 10 | sos5 | 33| e28 | s | 350
27 |30 | 16 | 50 45 |- 190 | 1as | 35 16.0
28 | 104 00 [ 00| o0 | ©00 | ‘00 | 104-]| oo
29 |16 | ot |00 | o0 00 | 00 17 | oo
30 |00 10.6 30 0.0 3.3 14.2 0.0 18.8
31 {00 | 00 | 190 | 17 25 | 20 03 LS

.85 o



Table A—2 Monthly Rainfall {unit Imm) )

No. of . . . . .

Station | YEAR | JAN. FEB. MAR. | APR. MAY JON, L. AUG. |  SEPR. OCT. NOV. | DEC. |- Annuat
10 56 20 00 | .20 1087 N 248 1005 | 2014 | 2346 | mas | 712 99.5
10 57 246 00 0.0 10 25.1 2207 | 3.4 .| 3218 150, 184.6 375 0.0 11701
10 58 5.5 3.3 43 o 198 170.4 934 171.1 1762 | 1193 1.1 0.0 1M
10 59 30 an 50 0g 203 %o 1517 | 2865 N 472 70.1 4.8
10 60 1.2 24.8 N 622 j 13t3 | 2870 N | 7653 | 4947 N 29.4 00
[ 59 0.0 0.0 00 o0 | 1323 | 637 | 2638 7172 | 2250 | 1869 170,6 6.8 1766.0
9 60 3.0 0o 200, 0% | 1526 | 3550 170.1 988 | 2464 | Bos.se 95 | oo 29329
8 62 o0 1.2 N 843 - N 156.4 s61.§ | 3as43 | son.s 675 510 N .
8 63 oa 16.5 50 4.3 680 | 6228 107.1 1818 | 3169 7.8 00 | 62 13769
8 64 0.0 00 | 317 N N "325.1 2550 | 2788 119 4.6 184.6 53.3
1 58 13 76 8.8 83 | 11r2 | 2108 1948 | 3007 | 3502 121.1 330 0.0 1354.3
f 59 1t4 180 274 88 | 1005 472 919 | 265 | 197 N N N
1 &0 N 459 121 40.6 99.5 1780 158.4 5654 | 3721 169.4 228 14,4
4 59 233 238 - | 1282 317 | 1483 39.1 2319 | 385 | 2837 1986 | 4927 1960 2086.3
4 60 543 149.0 0.6 &1 ues | 61 L 1818 7 s109 | 4473 | 570 | 124 16.5 23471
5 59 50 00 . 0.0 16.7 1795 | 1511 2623 | 380.2 149.8 1892 | 3408 203 1695.4
5 60 22 609 0.0 302 | w67 | 2349 2192 ] 6512 | 4064 | 5252 431 0.0 2380.4
12 36 08 08 0.0 45§ 1206 500 1755 | 2694 | 2550 4.1 1336 55.6 1179.0
12 57 0.0 0.0 0.0 149 318 2039 - | 1638 190.7 120.1 86.8 1376 a0 955.8
12 58 08 345 00 a0 342 | 2990 | 984 | 8966 | 4836 29.9 109 | 00 | 20414
1 50 0.0 00 0.0 a0 a4.7 472 784 | 314 21378 0.0 136.3 00 859.0
13 56 00 00 0.8 127.0 50.5 9.1 2235 | 2500 396.2 62.2 2334 - | - 589 1441.1
13 | s7 15 0.0 0.0 17.0 175 2387 190.5 285.4 1970 | 130 | 2819 aQ 13469
13 58 35 68" 0.0 0.0 243 | 4165 2319 | 2667 | 028 65.0 6 | 00 14564
13 59 EX 1.2 218 35 6.0 1320 | 2047 1899 | 2684 | 2189 1727 0.0 1257.8
15 55 0.0 0.0 00 0.0 oa | uos aa b oe13 406 190 | 68 00 274.5
Is 56 0.0 oo 0.0 1783 406 269 166.1 74,4 913 ] 370 1236 515 1090.1
is 57 06 00 0.0 0.0 16.2 1613 313.1 1827 1203 | nss teé4 | 00 10228
15 58 45 25 00 00 82} Woe | 279 150.3 480 | 1907 132 04 §76.8
15 59 33 00 9.3 &0 482 | 541 155.1 N N 200 100.3 00
Is 60 00 10.6 00 | 3228 | si7a 6913 | 4523 N 1619 | 2146 | 294 00 o
18 55 0.0 00 00 00 | 1460 1653, | 2423 | 2359 | ;21 8.2 i 830 IN] 1304.2
18 56 20 0.0 a0 1257 | 955 1219 3368 | 3528 | 4462 1120 | 2413 682 £898.6
18 57 3.2 o - 200 | 143z 720 - ) 3441 | 2623 ] 4417 | 2084 | M2 163.8 aa 18084
18 58 00 | so 00 N | sea | 22 | w56 | 2669 | a1g0 | 109 oo | oo :
18 .| 59 0.0 00 180 0.0 192.2 80.2 127.5 599.1 364.4 1440 95.5 0.0 1621.2
18 o 0o’ | . 520 0.0 30z [ 3032 1 .3340 1635 | TIBS | .332 w18 | 258 0.0 21938
6 .59 50 00 523 1.7 1249 85.0 929 N 1541 120 815 45
[ 60 203 188.4 16.7 86.1 2763 394.2 279 | 4570 . 390.1 260.6 8.1 0o 2536.1
14 54 00 o 00 144 18.5 982 | 2037 | 3248 | 2565 2278 ] 034 [T 1247.3
14 55 020 0.0 00 001 00 812 00 | e1.2 5.0 19.8 34 0.0 2738
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Program of Unit Hydrograph

PROGRAM UHG

begin
external READARRAY,' PRINTI, PRINTF, PRINTS, PRINTR, SPACE, CRLF,,
real RUNOFE.,
integer _ [, IEND, I, JEND, K, KEND, 1J, IBEGIN.,
Carray RAIN(/0.,200/), U(/0.,15/).,

READ(U)., READ(IBEGIN)., READ(IEND).,
READARRAY(RAIN IJ IEND)., '
for L=l step | until IEND do
RAIN(/I)=RAIN(/1/)*25.4/4.0.,
READ(KEND).,
for K.=1 step 1 until KEND do
begin ' _ '
' READ(JEND).,
READARRAY{U,0, JEND).,
PRINTI(5,K).,
for J.=0 step 1 until JEND do
begin :
Vif J=J{{8*8 eq O then CRLE(1).,
PRINTE (8.4, U(/I[).,
end., ’
CRLF (5).,
for 1= IBEGIN step 1 until IEND do
hegin S
RUNOFF =0.0., -
for J.=0 step 1 until JEND do .
RUNOFE =RUNOFE+U(/I/)*RAIN(/{-1)).,
PRINTIL (3, D)., -
PRINTF (104, RAINGI/).,
PRINTF (104, RUNOFF),,
CRLF (1.,
cend
CRLF (10).,
end .,
end .,
eop
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Program of Flood Routing

PROGRAM FLOOD FL -
DIMENSION  A(50),AC(50),B(50),BD{50),C(50),H(50),Q(50),Z(50), FN(SO)
1 QINP(500) QDFP(500),JARRAY (100} .
777 CONTINUE-
READ 200,[END,IDEF DX AE,BE CET
IF(EOF,60) 111, 888
888 CONTINUE
200 FORMAT (215,5F10.2)
READ 201,CONST,TAU,QFULL
201 FORMAT (3F10.2)
- READ 202,DT
202 FORMAT (F102)
READ 210,(B(I), I=1, IEND)
210 FORMAT (10F8.0)
READ 210(BD(I),I=1,JEND})
READ 210,(C(L), 1=1,IEND)
READ 210,(Z(I), I=1,IEND)
READ 210,(FN(i), I=1, [END)
READ 210,(H(I), I=1, IEND)
K=1
D=DT/DX
DO 120 I=1,|END
AD=HM-ZA)*B(L)
_ AC(D=C(D)*B(I)
120 CONTINUE
JEND=INT (T/DT)
DO 110 I=1,JEND
TIME=FLOAT (J)*DT/TAU
QIN=CONST*TIME*EXP (-TIME)
IU=IEND-1
DO 100 1=1,1U
li=1+1
SLOPE=H(D)-H(ID
IF(SLOPE) 50,50,51
'50 PRINT 300,11
300 FORMAT(43H SLOPE IS NOT POSITIVE COMPUTATION ENDS AT 215)
. GO TQ 777
51 DEP=H(I)-Z(1)
Dl:PD—H(II)-—Z(Il)
Q(I)=SQRT (SLOPE/DX)*(0. 5*(DEP+DEPD))**O 667*(DEP*B([)i-DEPD*B(H))
: /(2 0% FN(1)}
100 'CONTINUE
HE=H(IEND)-Z(IEND)
QUIEND)=AE* HE**1 667
A(1)=(QIN-Q(1)y*D+A(1)
DO 101 I=2 JEND -
I=1-1
AD=(QUT)-QD)*D+A(D)
101 CONTINUE ‘
. DD 102 1=1JEND -
- AASA(D-AC()
IF(AA) 52,52,53°
52 H(D=Z(D+A(1)/B(I)
' GO TQ 102
53 H(l)= l(l)+C([)+AA/BD(I) :
102 CONTINUE

—D
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301

302

55

54
110

550

551
103

111

HOUR=FLOAT(J)*DT/3600,
PRINT 301,HOUR,QIN
FORMAT (2F8,1)

PRINT 302,(Q(I),I=1,IEND)
FORMAT(15F8.1) -~ . |
HO=FLOAT (1FIX(HOUR))
IF (HOUR-HO) 54,55,54
QINP(K)=QIN

'QDFP(K)=Q(IDEF)

K=K+]

CONTINUE
CONTINUE
KEND=K-1

- PRINT 1000
1000

FORMAT (10(/))
DO 103 K=1,KEND

. INF=IFIX(100 *QINP(K)/QFULL—-0.5)
IDF=1F1X(100*QDFP(K)/QFULL~0.5)

DO 550 1=1, 100

- IARRAY([} = IH

CONTINUE
IARRAY(INF) = tH*
IARRAY(IDF) = HX

PRINT 551, (IARRAY(D), I=1, 100)
FORMAT (5X, LHI, 100A1)
CONTINUE

GO TO 777

STOP

" END
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Progrém of Forecasting of Swamp Water Stage

PROGRAM Sws .
begin
external ' READARRAY PRINTI, PRINTF PRINTS, SPACE CRLF
real Hi, DT, QQ, Y, HH, HFULL,,
integer K, KEND, J, JEND, I, IEND, IH, IHO, IS.,
“array  H,0,8,SPQ,SMQ (/1.,15)), F(jo. 200/) HOBS (/1 200/)
. READ (KEND).,
READARRAY(H, 1, KEND).,
READARRAY(S, 1, KEND).,
READ(IEND).,
READARRAY (F, 0, IEND).,
READARRAY (HOBS, 1, 1END).,
READ(HI)., READ(HFULL),,
- READ(DT)., READ(IEND).,
for- J.=1 step 1 until JEND do
begin ' .
' READARRAY(Q, 1, KEND),,
for K=1 step I uniil KEND deo
PRINTF (5.1, Q{/K/)}.,
CRLF(5).,
© for K.=1 step 1 untl] KEND do
begin .
SPQUK/) = S(K/) + 0.5*Q(/K/)* DT,
" SMQUK)) = SUKD~ 05*QUK))* DT,
end.,
: K=, .
LA.. if H(/K,’) less HI and HI less H{/ KHI)
then begin QQ. = (QUK+1/) — QUK/) * (HI — H(/K)
: {HK+1)~H(K/} + QUK/).,

go to LB.,
end
else hegin K. = K + 1,
: " po to LA,
, end., _
LB.. for L. = I step 1 until IEND do
‘ bcgin ' :

. =1 -
LC.. if Q(/K/) less QQ and QQ less QUK+ :
then begin. Y. = (SMQ(/K+1/) — SMQUK/)*(QQ- Q(/K/))
' ] (QUKHI)-QUK/))+SMQUK/)+0.5*DT.
- (FUI-1FE(D)., '

. go to LD,
: ' end .
_else begin = - K.= K+1.,
. go to LC.,
- end ..
LD K. =1,

LE.. if SPQUK[) less Y and Y less SPQ(/KH{)
'- then begin - QQ=(QUK+L)- Q(/K/))*(Y—SPQ(/K/))
B T HSPQUKAL)~-SPQUKNFQUKS).,
“HH=(H(/K+1/)-HKM)QQ- Q(/Kf))
QUK+ - Q(IK!))+H(IKI) o

_ 'go to LF
T end ~ .
" then begin K. = K+1,, :
R " if KEND not greater K _
. then - .

" begin PRINTS (oonH -S CURVE SCALE OVER)
CRLF(I) | :
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g0 to LZ.,
" end '
else go to LE.,
) ‘end., )
LF.. ERINTI (3, B.,
PRINTF (10.2, F(/1))).,
PRINTF (10.2, QQ).,

- PRINTF (10.2, HH).,

PRINTF (10.2, HOBS(/I)).,
CRLF(1)., .

- IH=100.0*HH/HFULL — 0.5.,
IHG.=100.0*HOBS(/I/)/HFULL — 0.5,
if I less THO

. then . o
begin PRINTS (QOLHI).,

: SPACE(IH).,

PRINTS (0C1HX).,
IS=[HO-IH-1.,
SPACE(IS).,
PRINTS (00iHO).,

CRLF(1).,
~ go to LG,
- end -
else _ _
-~ begin if 1H equal 1HO
then
begin  PRINTS (COI1HI).,
SPACE (IH).,
PRINTS (GOIHX).,
CRLF (1).,
" po to LG.,
end
clse ' _
begin  PRINTS (0C1HI).,
. SPACE (1HQ).,
"PRINTS (001HOQ).,
I8.= [H—1HO-1_,
SPACE(IS).,
PRINTS (001HX)., .
~ CRLF(1),,
end.,
end., '
LG..end,,
LZ..
end.,
end.,
eop
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FIG. A-TV(4) WATER STAGE STATION,TYPE : B _CQRR'U._G_ATE_D'
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STEEL CHANNEL (4"t 54)

. SCHEMATIC DIAGRAM OF STEEL STEPS
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'_.FIG.. AL—TV(?S STEEL TOWER FOR WIRELESS,TYPE A H=10M
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