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APPENDIX A
CLIMATE AND HYDROLOGY

INTRODUCTION

This study provides information on the areal and seasonal distrie
bution of surface water supply and flood magnitudes. Only minimal
efforts, considering the time limitations, were devoted to rectifying
the existing information. In most occasions, engineering judgment was

employed in making best use of available fragmental data.

PHY SIOGRAPHY

The Bicol River Basin is in southern part of the Luzon Island,
located between the latitudes 13°N and 14°N, and longitudes 122045'E
and 123°45'E. See Fige A=1.

The Eastern Bicol Cordillera, a c¢hain of volcanoes with peaks reach-
ing 2000 meters above mean sea level, forms the northeastern boundary
of the basin. The highest point in the area is Mount Mayon, an active
volcano reaching a height of 2,420 meters. The Ragay Hills, separating
the Bicol Basin from che Ragay Gulf, define the southwestern boundary of
the basin. The basin, a lowland of alluvium, lies between the Bicol
Cordillera and the Ragay Hills. The northern boundary is San Miguel Bay,.

There are three lakes, -Bato, Baao and Buhi within the basine Major
drainage is provided by the Sipocot (Libmanan) and Bicol Rivers and thei:
tributaries. These two rivers join about 8 km. from San Miguel Bay,

before reaching the sea,

CLIMATE

The climate is tropical. The climatic controls over the area are
two air stream systems which produce distinctive variations in the climate,
These air stream systems are the monsoons and the Pacific trade winds,

The Northesa..i Monsoon, associated with the northern hemisphere winter,
extends from October to March, bringing significant amounts of rain to
the Bicol area. The Southwest Monsoon, originating in the Indian ocean
affects the area during the southern hemisphere winter, from May to

October. During this period the area is warm and very humid with increasing
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rates of rainfall.
The north Pacific irade winds prevail during April and May raising,
the temperature significantly. The south Pacific trade winds coincide

with the southwest monsoons from May to July,.

Rainfall

There are 17 rainfall gaging stations located within the Basin of
which 11 have more than %4 years of record. For this study, 6 stations
outside of the basin have also been included. These stations are equivped
with collector-type rain gages, observing daily raintall amounts. Fig.
A-2 shows the location of the rainfall stations, and the lengths of records
are indicated on Fig. A-3 for the period from 19&9 to 1975. At some
locations, no rainfall information is available during peak floods due
to inaccessibility or flcoding of the gaging stations. Recorder gages
have been recently established at certain locations within the Basin, but
there are still no rainfall intensity data available at present.

The rainfall distribution in the area is influenced by the air
streams, tropical cyclones, the Inter-tropical Convergence Zone and the
topography.

Within the Bicol region the mean annual rainfall ranges from 20C0
to 4000 mm. The period from May to January is generally the rainy season.
Figs. A-4 through A-16 show the areal distribution of mean annual and
mean monthly rainfalls over the basin. Since there are no stations at
the higher el:vations, estimates have been mads for those areas.

The isohyetal maps indicate a relatively dry area in the Bicol River
valley, west of Lake Bato. The lower amounts of rainfall in this area
may be due to the sheltering effect of the hills and the mountains
surrounding it. The high rainfall over the mountains is caused by
orographic effects.

Large amounts of rainfall occur in the project area during the
typhoon season. The annual maximum rainfall data for 1, 2 and 5 days
duration, for stations with more than 5 years of record, were statis-
tically analyzed by employing Gumbel's extreme value method to deter-
mine corresponding rainfall amounts for various return periods for these
durations. Table A-1 and Figs. A-17 through A-27 show the results of

the statistical analysis. Available data on annual maximum basin raintall
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TABLE A-1

SUMMARY OF RESULTS OF FREQUENCY ANALYSES

FOB 1, 2 AND 3-DAY MAXIMUM RAINFALLS FOR STATIONS 1IN AND NEAR THE BASIN

Name & Location of Period of Length of 25=Yrs. 50=Yrs.
Rainfall Station Record Record 1-Day 2=-Day >=-Day I-le - 2=Day 3=-Day

Daet

Sabanrg, Sipocot 1969-75 7 362.5 440.0 472.5 k2.0 497.0 533.0
Yabo ,£ Concaepcion,

Naga 1956-71 15 461.0 538.0 580.0 532.0 610.0 660.0
Inarihen, Calabanga 1969-75 6 235.0 304.0 337.0 266.0 335.0 367.5
BRCES, Pili 1966=75 10 435.0 490.0 520.0 483.0 550.0 588.0
SCP #9, San Jose, -

Banasi 1956-63 8 380.0 ° 517.0 510.0 435.0 590.0 695.0
SCP #h4, Ligao,

Albay 1956-72 16 250.0 305.0 327.0 287.0 350.0 372.0
Sto. Domingo,

Libog, Albay 1956-74 5 360.0 4ss.0 515.0 410.0 510.0 575.0
Buhi 1950-75 25 466.0 581.0 630.0 540,0 665.0 719.0
Guinobatan 195475 22 389.0 490.0 560.0 h22.0 532.0 605.0
Legaspi City 1949.75 27 Lé4 .0 562.0 670.0 542.0 652.0 ?7?74.0
Joroan, Tiwi 1956-75 20 610.0 722.0 770.0 743.0 855.0 905.0
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for two and three=day durations, associated with typhoons were compiled
and listed in Tables A-2 and A-3. Attempts were made to obtain the basin
rainfall for each year by employing Normal Station and Thiessen methods.
However, due to lack of adequate data, the results do not represent
the actual flood events in the basin. In recent years 1970 and 1975
were severe flood years, however, the computed basin rainfalls for these
years do not indicate this severity. )

A relatively dry season occurs from February through April. Dry
periods are analyzed and presented under the section on "Droughts and

Low Flows."

Temperature

The only temperature recording station within the Bicol River Basin
is at Pili where the extreme temperatures range from 17.6°C in February
to 34.4°C in June. 7The mean monthly range is from 23.#00 in December
to 27.4°C in June. Fig. A-28 shows the monthly distribution of extreme
daily and mean monthly temperature at Pili. The mountainous regions of
the basin experience cooler temperatures due to change in altitude,

however, there are no available data to quantify these variations.

Evaporation

Data are collected at three evaporation recording stations within
the basin. The station at Aliang, Albay, was started in 1975 and the
station at Napolidan, Lupi has a very fragmental record from 1966 to
1975. The station with the longest record and reliability is at Naga
City. Though discontinuous, there are evaporation recordings available
at this location from 1956 to 1973. Since evaporation rates are not
expected to vary significantly within the basin, evaporation records of
Naga City may be applied in reservoir mass diagram analyses for other
locations under study. Observations are made with an open rim type pan

with a recommended adjustment coefficient of 0.60. The monthly evapo=-

ration rates vary from 5.03 cm. per month in November to 13%.64 cm. per

month in May. Fig. A-29 shows the monthly distribution of evaporation

rates at Naga, after the application of adjustment coefficient.
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Wind

Winds are influenced by the monsoon and the Pacific trades systems.
However, the highest wind speeds are associated with the typhoons cross-
ing the area. The highest sustained wind velocities recorded have
reached a peak of 275 kilometers per hour (150 knots). Extreme high
wind speeds frequently damage property and distress people in the basin.
A wind rose of wind speeds and frequencies from eight directions of the

compass for Southeast Luzon is presented in Y¥ige. A=30.

Humidity

A humidity recording station is located at Pili. The records indi-
cate that the driest period of the year occurs from April through May,
and during the rest of the year the relative humidity is high. Mean
monthly records varied between 75% in May 1973 and 93% in July 1966 and
September 1969, Fig. A-31 shows the monthly distribution of relative
humidity at Pili.

Sunshine

The sunshine hours records show a trend inversely related to relative
humidity. During May, when the longest sunshine hours are recorded, the
observed relative humidity is the lowest. The records at Pili indicate
that the mean daily sunshine hours varied from 3%.05 hours in December
1969 to 9.71 hours in May 1973. Fig. A=32 shows the monthly distribution

of mean daily sunshine uours at Pili.

Tropical Cyclones

The tropical cyclones affecting the Philippines originate in the
ocean east of the islands between latitudes 8°N and 11°N, and generally
travel on a westerly or northwesterly course over the republic. Fig.
A-33 shows typical tropical cyclone tracks affecting the Philippines.
The cyclones devosit large amounts of rainfall while passing over the
land areas vhere their energy is gradually dissipated. The tropical

cyclones are classified according to the maximum wind velocities (U).

They fall into the following categoriess

A-5



U ¢ 33 knots (61 kph.)

Tropical Storm 33 knots ( U < 47 knots (87 kph.)
Severe Tropical Storm = U7 knote ¢ U {63 knots (116 kpha)
Typhoon = U » 63 knots (116 kph.)

Tropical Depression

The monthly distribution of frequency of occurrence of tropical .depress-
ions and tropical storms which affected the Bicol River Basin from 1948
to 1974 is shown on Fig. A-34, Severe tropical storms and typhoons
cause damage to property and lives due to high wind velocities and great
amounts of rainfall, Depending on their tracks, typhoons may create
storm surges coming from the sea, causing severe flooding. The monthly
distribution of frequency of typhoon occurrence is shown in Fig. A=35
which is based on the 1948-1974 data on typhoon passing the proximity

of the Bicol River Basin. The names and dates of occurrence of the
typhoons, that caused maximum precipitation within the basin, are shown
in Tables A-2 and A=3,

Proximity of Typhoon Tracks to Bicol Basin

Rainfall of typhoons is dependent mainly on the intensity of the
typhoon as measured by the barometric pressure. Typhoon rainfall at
some point on a land surxface ic turther dependent on the topography,
which affects orographic rainfall, on the velocity and direction of the
typhoon along its track and on the proximity of the track.

Proximity of typhoons can be investigated by a probability analysis
of distance of typhoon tracks from a point in the river basin, in this
case, Naga City, if the sample is sufficiently long to offset the effects
of a possible tendency of cyclic pattern of typhoon occurrences. The
probability of proximity for the 27-year period, 1948-1974, is shown in
logarithmic probability coordinates in Figure 35a.

The Bicol basin extends about 90 km. in a direction normal to the
usual typhoon tracks, with Naga about at the midpoint. From Fig. 35a
the probability for a distance of 45 km. is 44 percent, an indication
that average recurrence interval for typhoon track crossing the Bicol
Basin is about cene year in two. The eye of a typhoon is said by Shih-
Liang Wong in his master's thesis to be usually 19 to 24 km. in a diameter,

with. enlargement as much as 64 km. in large typhoons. For a radius
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TABLE A-2

MAXTMUM TWO-DAY ACCUMULATED RAINFALL DEPTH

(Millimeters)
Year Station Date of Typhoon BASIN RAINFALL
Number Two-Day Arithmetic Thiessen Daet* Napo- Sabang Pasacao® Inarihan
Storm Average Method lidan Sipocot Calabanga

1950 3 Dec. 29-30 Fran 212.5 278.6 273.4 - - - -
1951 3 Nov. 20-21 Wanda 186.9 248.6 123.2 - - - -
1952 2 Oct. 20-21 Trix 395.6 L73.3 243,2 - - - -
1953 3 Nov. 15«16 Cora 147.1 151.6 166.7 - - - -
1954 3 Nov. 7= 8 Ruby 317.5 367.9 366.9 - - - -
1955 3 Nov. 27-28 Patsy 303,1 2773 264,9 - - - -
1956 6 Dec. 9=10 Polly 235.5 266.9 178.1 - - - -
1957 6 Nov. 10-11 Kit 215.9 211.4 k13,9 - - - -
1958 6 Oct. 28~29 Lorna 328.9 36642 333.6 - - - -
1959 6 Nov. 15-16 Freda 277.8 295.7 285,1 - - - -
1960 6 Oct. 5= 6 Kit 306.5 321.1 183.4 - - - -
1961 6 Sept.21=-22 Ruby 145.3 186.5 210.4 - - - -
1962 6 May 17-18 Hope 158.4 150.3 2440 - - - -
1963 6 Aug. 12-13 Luding 205.5 222.6 252.1 - - - -
1964 5 June 28-29 Dading 227.4 243,32 388.1 - - - -
1965 6 July 12-13 163.9 140.5 63.3 - - - -
1966 6 Dec. 26-27 Aning 215,9 226.1 189.6 - - - -
1967 ? Nov. 2= 3 Welming 268.9 2464 bk, 5 227.3 - - -
1968 6 Sept .26=27 177.7 205.2 92.2 - - - -
1969 8 Dec. 10-11 101.9 105.8 142.8 - 133.0 72.4 38.1
1970 8 Oct. 12-13 Sening 303.9 300.2 193.1 220.7 327.7 518.1 206.7
1971 10 Dec. 28-29 128.5 134,.5 239.1 88.4 166.9 167.9 -
1972 11 June 24-25 Conching 129.6 152.1 759 - 118.4 204,2 -
1973 11 Oct. 14~15 Ruth 203.9 206.5 2L2.8 118.1 200.2 - 160.0
1974 9 June 8« 9 Dinah 357.5 382.8 220.9 - 317.8 - -
1975 11 Dec, 24=25 - - - 219.9 228.6 271.8 - 288.0 151.0 25 . L

»
Stations Outside of Basin
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MAXTMUM TWO-DAY ACCUMULATED RAINFALL DEPTH

TABLE A-2 (Cont)

(Millimeters)
) Date of Typhoon ScP #9 Sta. Crusz
Year Station gy, pay Yabo  Naga ... CRIS® Banasi Baao Buhi
Number Storm Farm City San Jose Bula Cams. Sur
1950 3 Dec. 29-30 Fran - - - - - - 298.8
1951 32 Nov. 20=21 Wanda - - - - - - 300.1
1952 2 Oct. 20-21 Trix - - - - - - 548.0
1953 3 Nov. 1516 Cora - - - - - - 148.7
1954 3 Nov. 7= 8 Ruby - - - - - - 390.8
1955 3 Nov. 27-28 Patsy - - - - - - 290,0
1956 6 Dec. 9-10 Polly 312.0 - - - 182.4 - 372.1
1957 6 Nov. 10-11 Kit 180.3 - - - 119.8 - 290.6
1958 6 Oct. 28-29 Lorna 388.6 - - - 397.4 - 3333
1959 6 Nov. 15-16 Freda 344,0 - - - 279.8 - 216.5
1960 6 Oct. 28-29 Lorna 302.0 - - - 380.1 - 359.4
1961 6 Sept. 21-22 Ruby 5365.9 - - - 123.2 - 61.5
1962 6 May 17-18 Hope 66.0 - - 135.4 173.3 - 198.1
1963 6 Aug. 12-13 Luding 2k .6 - - - 223.6 - 177.3
1964 5 June 28-29 Dading 256 o" - - - - - 223.5
1965 6 July 12-13 123.2 154.3 - 238.5 - - 137.7
1966 6 Dec. 26-27 Aning - 119."" 35".“’ - - - Z‘O‘hl
1967 7 Nov. 2- 3 Welming - 105.4 417.8 439.0 - - 142.6
1968 6 Sept. 26=-27 - 138.4 227.1 - - - 335.0
1969 8 Dec. 10-11 - - 88.0 39.0 - 100.3 89.2
1970 8 Oct. 12-13 Sening - - 336.1 - - - 360.7
1971 10 Dec. 28-29 - - 151.0 149.6 - 98,0 120.4
1972 11 June 24-25 Conching - - 213.0 169.8 - 126.8 173.2
1973 11 Oct. 14-15 Ruth - - 225.7 - - 281.7 207.3
1974 9 June 8~ 9 Dinah - - 443.5 507.1 - - 620.3
1975 11 Dece 24225 o = - - - 182.1 268.7 - 182.7 175.0

* Stations Outside of Basin
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TABLE A-2 (Cont)

MAXTMUM TWO-DAY ACCUMULATED RAINFALL DEPTH

(Millimeters)

¥ Station Date of Typhoon Bato Libon  SCP #4* Gui Malama

€8X  Number Two-Day ‘ Central Central Pio Duran butno- Ligao Pantao® Legaspi®

Storm School ~ School  Albay 2%80  Albay _Libon °E28P

1950 3 Dec. 29-30 Fran - - - - - - 65.4
1951 3 Nov. 20=21 Wanda - - - - - - 137.4
1952 2 Oct. 20-21 Trix - - - - - - -
1953 3 Nov. 15-16 Cora - - - - - - 126.0
1954 3 Nov. 7- 8 Ruby - - - 29k . 4 - - 217.7
1955 3 Nov. 27-28 Patsy - - - 251.7 - - 405.6
1956 6 Dec. 9-10 Polly - - 89.2 279.4 - - 169.4
1957 6 Nov. 10-11 Kit - - 138.4 152.5 - - 148.8
1958 6 Oct. 28-29 Lorna - - 88.7 428.9 - - 330.7
1959 6 Nov. 15-16 Freda - - 185.4 35547 - - 250.4
1960 6 Oct. 5= 6 Kit - - 237.2 376.6 - - 254.5
1961 6 Sept. 21-22 Ruby - - 52.3 58.2 - - L 4
1962 6 May 17-18 Hope - - 86.6 182.1 - - 201.1
1963 6 Aug. 12-13 Luding - - 84.3 25k4.1 - - 303.3
1964 5 June 28-29 Dading - - 112.3 156.6 - - 115.8
1965 6 July 12-13 - - 172.5 248.0 - - 202.5
1966 6 Dec. 26-27 Aning - - 101.6 286.0 - - 217.5
1967 7 Nove 2- 3  Welming - - 80.0 469.9 - - 542.9
1968 6 Sept. 26-27 - - 72.4 200.9 - - 137.9
1969 8 Dec. 10-11 - - - 151 o2 - - 200.2
1970 8 Oct. 12-13 Sening - - 148.6 313.1 - - 199.7
1971 10 Dec. 28-29 - 131.8 36.3 194.1 109.5 76.2 232.0
1972 11 June 24-25 Conching 204.5 19.3 7.6 199.7 78.3 12.5 239.7
1975 11 Dece 24225 - = - 127.0 261.3 - 380.0 - 15k 4 580.3

.
Stations Outside of Basin
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TABLE A-3

MAXIMUM THREE-DAY ACCUMULATED RAINFALL DEPTH

Millimeters
Station Date of Typhoon BASIN RAINFALL
Yeer Number Three~-Day Arithmetic Thiessen Daet* Napo- Sabang Pasacao® Inarihan
Storm Average Bethod lidan Sipocot Calabggsa
1949
1380 3 Dec. 28-30 PFran 218.4 283.5 283.5 - - - -
1951 3 Nov. 20-22 Wanda 195.6 256.9 133.4k - - - -
1952 2 Oct. 19-21 Trix 398.1 477.8 247.6 - - - -
1353 3 Nov. 13-15 Cora 157.4 157.2 188.0 - - - -
1954 3 Nov. 6- 8 Ruby 359.8 377.7 368.0 - - - -
155 3 Nov. 27-29 Patsy 383.6 366.4 327.k - - - -
1956 6 Dec. 7- 9 Polly 254.3 289.6 209.3 - - - -
1957 6 Nov. 10-12 Kit 220.3 215.7 has.2 - - - -
1958 6 Oct. 27-29 Lorna ho7.4 428.3 350.3 - - - -
1959 6 Nov. 14-16 Freda 290.9 309.4 299.5 - - - -
1960 6 Oct. 4- 6 Kit 358.9 377.3 226.3 - - - -
1961 6 Sept. 20-22 Ruby 154.1 191.9 211.3 - - - -
1962 6 May 16-18 Hope 173.9 161.7 300.5 - - - -
1963 6 Aug. 12-14 Luding 214.4 231.9 252.5 - - - -
1964 5 June 27-29 Dading 239.3 258.2 ko5.4 - - - -
1965 6 July 11-13 - - o 173.5 156.6 72.5 - - - -
1966 6 Dec. 26-28 Aning 220.1 230.8 191.1 - - - -
1967 6 Nov. 2- 4 Welming 257.6 253.6 251.8 251.0 - - -
1968 6 Sept. 25-27 - - - . 200.3 225.7 95.3 - - - -
1969 ? Dece 9«1l = = = = 133.1 133.2 188.8 - 142.6 9%4.5 91.4
1970 8 Oct. 12-14 Sening 319.4 328.8 226.7 2h5.1  337.9 s527.0 250.0
1271 8 Dec. 28-30 - - - 137.5 147,2 259.7 95.8 195.1 171.2 -
1972 9 June 23-25 Conching 160.1 174.1 75.9 - 118.4 228.8 -
1973 10 Oct. 13-15 Ruth 213.7 223.0 251.1 129.5 200.2 - 160.0
1974 9 June  8-10 Dinah 367.6 405.5 234.9 - 7 335.1 - -
1975 11 Dec. 23-25 - - - 267.1 261.5 k64,0 - * 314,5 192.5 262.9

®
Stations Outside of Basin
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MAXIMUM THREE-DAY ACCUMULATED RAINFALL DEPTH

TABLE A-3 (Cont)

CRIS*

wnp
San Jose San Jose Banasi

SCP #9
San Jose

Millimeters
Station Date of Typhoon .

Year Number Three-Day Yabo aga

Storm Farm City BRCES
1949 -
1950 3 Dec. 28-30 Fran - - -
1951 3 Nov. 20-22 Wanda - - -
1952 2 Oct. 19-21 Trix - - -
1953 3 Nov. 13-15 Cora - - -
1954 3 Nov. 6= 8 Ruby - - -
1955 3 Nov. 27-29 Patsy - - -
1956 6 Dec. 7- 9 Polly 335.5 - -
1957 6 Nov. 10-12 Kit 183.6 - -
1958 6 Oct. 27«29 Lorna 455,.2 - -
1959 6 Nov. 14-16 Freda 3584 - -
1960 6 Oct. 4- 6 Kit 349.5 - -
1961 6 Sept. 20-22 Ruby 372.9 - -
1962 6 May 16-18 Hope 66.0 - -
1963 6 Aug. 12-14 Luding 246.6 - -
1964 5 June 27-29 Dading 284.2 - -
1965 6 July 11-13 « - - 136.9 - -
1966 6 Dec. 26-28 Aning 167.1 131.6 354.3
1967 6 Nov. 2- 4 Welming 462.3 105.4  429.8
1968 6 Sept. 25227 - - = = - 153.7 234.2
1969 ? Dec, 9-11 = = - - - - 107.0
1970 8 Oct. 12-14% Sening - - 347.5
1971 8 Dec. 28-30 - - - - - 162.8
1972 9 June 23-25 Conching - - 21k 4
1973 10 Oct. 13-15 Ruth - - 227.8
1974 9 June 8-10 Dinah - - 474 7
1975 11 Dece 23<25 = « = - - 208.8

*

Stations Outside of Basin
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MAXIMUM THREE-DAY ACCUMULATED RAINFALL DEPTH

TABLE A-3 (Cont)

Buni coaffa1 clibel p

Station Date of Typhoon
Year Numbey Three-Day
Storm

1949

1950 3 Dec. 28=30 Fran 302.0
1951 3 Nov. 20-22 Wanda 307.8
1952 2 Oct. 19-21 Trix 548.6
1953 3 Nov. 13-15 Cora 148.8
1954 3 Nov. 6- 8 Ruby 402.6
1955 3 Nov. 27-29 Patsy 463.0
1956 6 Dec. 7= 9 Polly 397.5
1957 6 Nov. 10-12 Kit 292.9
1958 6 Oct. 27-29 Lorna 4.3
1959 6 Nov. 14-16 Freda 2443
1960 6 Oct. L4~ 6. Kit L20.6
1961 6 Sept. 20-22 Ruby 67.6
1962 6 May 16-18 Hope 201.7
1963 6 Aug. 12-14 Luding 177.3
1964 5 June 27-29 Dading 224.8
1965 6 July 11-13 - - = 148.9
1966 6 Dec. 26-28 Aning 2h6.6
1967 6 Nov. 2- 4 Welming 150.2
1968 6 Sept. 25-27 - - « - 3624
1969 7 Dec. 9-11 - - = - 117.7
1970 8 Oct. 12-14 Sening 360.7
1971 8 Dec. 28-30 - - - 120.7
1972 9 June 23-25 Conching 173.2
1973 10 Oct. 13-15 Ruth 241.9
1974 9 June 8-10 Dinah 647.0
1975 11 Dece 23-25 =« - = 197.1
.

Stations Outside of Basin

Millimeters
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SCP #4*
io Duran Guino-

School Albay batan Albaz Albay

112.0
138.4
306.3
195.6
265.7

71.6

97.8
89 .4
122.4
185.2
108.8

80.0
109.3

158.0
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360.4
282.4
159.3
48s5.1
363.0
426.5

70.9
200.7
270.0
159.8
258.8
288.0
528.3
246.7
195.7
329.3
206.3
199.7
263.5
400.5
433.6

Malama Pantao*

Ligao Libon,
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distance of 10 km. Figure 35a indicates there is a 10 percent chance or

average recurrence interval of 10 years, that an eye of a typhoon would

traverse Naga. For practical purposes, it can be said that any point

in the basin would have an average recurrence interval of 10 years that

it would experience passége of an eye of a typhoon. Typhoon rainfall

is so common and so great that it is the ccuse of the maximum basin-wide
mean rainfall, in an annual series of probability analysis, in about

90 percent of the years of record.

STREAMFLOW

There are 27 stream gaging stations within the'Baéin. Discharge
records are available for 23 stations and gage height data for the other
four (4). Fig. A-36 shows the location and the available records and
Fig. A-37 indicates the drainage areas of the stations. Table A=l
indicates the degrees of confidence of the stations. The records of the
stations under tidal influence should be-handled with caution especially
for low flows. In this study, along the length of the Bicol River only
the records of the station at Sto. Domingo, very close to Lake Bato and
with slight tidal influence, were used directly in the streamflow analy-
ses. Monthly flows for the station on the Bicol River at Ombao, Bula
were constructed synthetically. Similarly, monthly flow rates for the
Pulantuna River, Pulantuna Creek, Sipocot River and Talisay River were
adjusted to give more realistic results at stations and at nearby
project sites.

The regimes of the Bicol Basin rivers can be studied within three
regions:

a. Rivers flowing into Lake Bato: Streamflow originating in the
Albay region is affected by irrigation diversions before the
water enters Lake Bato. The major rivers with control struc-
tures are:

Quinale River - Dam downstream of gage;
Irraya River - Dam upstream of gage.

There are other structures on their tributaries.

be The Bicol River and tributaries down to the confluence with the

A=9



TABLE A-4

ACCURACY OF STREAMFLOW RECORDS WITHIN THE BICOL RIVER BASIN

Streamflow Gaging
Station

San Francisco River, Bobongsuran

Cabilogan River, Bobongsuran
Ugsong River Benanuan
Nasisi River

Irraya River

Talisay River

Quinali River

San Agustin River
Agus River

Aslong River

Libmanan River

Lake Bato

Bicol River, Sto. Domingo
Pawili River, San Vicente
Pawili River, San Roque
Bicol River, umbao

Anayan River, San Rogue
Bicol River, Baliwag Nuevo
Bicol River, Mabulo, Naga
Yabo River, San Isidro, Naga
Pulantuna River

Culacling River

Pulantuna (Yabu) Creek
Sipocot River

Bicol River, Cuyapi

Barit River, Sto. Nifio

Water Supply Bulletins, BPW.

A-10

Good.
Fair

Fairo
Fairo
GOOd.
Fairo
Good.
Good.
Fair

Fair

Fair.

Fair.
Fair
Fair
Fair.

Good.
Fairo
Fair.
Fair

Fair
Fair.
F&ir.

Remarks®

Above 20 cms, fair.

Above 3 cms, poor. Diversion upstreaa
Upstream irrigation canal.
Above 15 cms, fair (Dam upstream)

Above 19 cms, fair, (Dam downstream)
Above 20 cms, fair.

Scation affected by tide.

Station slightly affected by tide at
low flows .

Station affected by tide at low flows

Above 220 cms, poor. Station affected by
tide at low flows.

Above 10 cms, fair.

Station affected by tide at low flows.
Station affected by tide.

Above 40 cms, fair.
Above 10 cms, fair.
Above 1lOccms, fair.

Station affected by tide.
Dam upstream



Libmanam River: The Bicol River originates at the outlet of the
Lake Batos The tota! contributing drainage area at this location
is 874 kmz. Due to storage effect of the lake, the flow into

the Bicol River channel can not be directly correlated with

any of the streams flowing into the Lake Bato. Major tributa-

ries draining the mountain slopes of Eastern Bicol range are:

(1) Barit (Iriga) River - Originates at the outlet of
Lake Buhi with some branches flowing into Lake Baao
and others into the Bicol River befcre the Pawili
River confluence.

(2) Pawili River - Joins the Bicol River before Ombao,

Bula,

The high discharges of this river are responsible for substan-
tial flooding both upstream and downstream of its confluence

with the Bicole.

ce The Libmanan (Sipocot) River: This river originates on the
humid slopes of the Bicol National Park, a thickly covered
rain-forest area, under the name of the Napolidan River. Fur-
ther downstreams, joined by other tributaries, this river takes
the names of Sipocot and, further downstream Libmanan, with a
drainage area of 596 km2 at the gaging station at Libmanan,

During the rainy season the Libmanan (Sipocot) River

discharges high peaks compared with other rivers of equal

drainage areas within the region.

Rating curves, compiled from the records and slope-area calculations
of the non-tidal streams within the Basin, are presented in Figs. A-38
through A-58. Although there are discharge records of the Bicol River
at Ombao (Bula), and Baliwag Nuevo, the rating curves are excluded from
this report. The rating curve for Sipocot River at Sabang, Sipocot was
revised on the basis of a Manning's n = 0.035. There were a number of
gaod checks between these stage-discharge curves and the results of the
LATIS model for comparable locations.

The gage observations are taken on a daily basis and therefore, unit
hydrographs of the rivers within the basin are not available. However,

for the rivers which are not under the influence of tides, daily maximum

A=11



discharge versus flood volume relationships have been established for 1,
2 and 3-day floods and presented in Figs. A=59 through A-77., The base
flows, computed from Fig. A-78 were subtracted from the flood volume in
establishing these relationships.

The mean flow conditions of the river Basin have becn previously
analyzed and presented in AIT Research Report No. 54 "Surface Water
Supply Study, Bicol River Basin', Therefore, this effort has not been
duplicated here,

The distribution of runoff coefficients within the basin have also
been studied by AIT and presented in Report No. 48. The runoff coeffi-
cients, as shown in Fig. A-79 adopted from the AIT report, are considered

adequate within the quality of available data,

HYDROLOGIC EXTREMES IN THE BASIN

Floods

Floods are produced by typhogns and tropical storms frequenting the
area every year. Rainfall over the basin, especially at higher ground
elevations, ih durations from one day to more than a week, and the topo-
graphic characteristics of the basin cause extensive and extended
flooding in the lowlands.

The flooded areas can be studied within the same three regions
described in the section on streamflow and in the areas subject to tidal
surge flooding.

On rivers flowing into Lake Bato, the flash floods coming down from
the mountains have been somewhat controlled in recent years by construction
of dike system. However, due to failure cf dikes during the December 1975
floods, the Albay region of the basin was flooded. These streams, espe-
cially the ones originating at Mount Mayon, carry a large sediment load
which they deposit along the lowlands as the flow velocities subside,
There is a well defined delta formation at the mouth of Naporog. Most
of the coarse sediment load is deposited in this and other deltaic areas
around the lake,

In the Bicol River and tributaries down to the confluence with the
Libmanan, Lake Bato serves as a reservoir, where substantial flood peak
reduction occur naturally. According to records, the peak discharge into
the Bicol River channel from the  lake has not reached 450 cms. However,
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due to the storage effect, the surface area of the lake is more than
doubled, flooding the adjacent areas, and forming a very large lake
after combining with Lake Baao at peak elevations.

In the stretch between Ombao and Baliwag Nuevo, the bankful capa-
city of the Bicol River is 350 cms. The tributaries, especially the
Pawili River, with an oussrved maximum peak discharge of 69 cms.
(observed at San Roque, Bula) cause flooding of the low areas of the
Bicol Basin, down to the vicinity of Naga City, augmented by flows from
other tributaries along the route of the Bicol Basin. In addition, part
of the Pawili flows contribute to flooding upstream of its confluence,
in the area of Lake Baao.

The Libmanan (Sipocot) River starts flooding upstream of Sipocot
down through Libmanan during extreme floods. The towns of Sipocot and
Libmanan have been flooded more then once. Due to overbank flow in the
vicinity of Libmanan, flood waters from this river have reached the lower
areas towards Pamplona.

Tidal surges become progressively more important in the flooding
of low areas toward the mouth of the estuary, with a corresponding
decrease in the benefits derived from fluvial flood control.

The flood peaks of the Bicol River and its tributaries and the
flood peak of the Libmanan River reach their confluence only hours apart.
The Libmanan River has a much larger flow (with an estimated peak of
more than 2000 cms).

The discharge records of the gaging stations were statistically
analyzed by employing Gumbel's Extreme Values Analysis, and relation-
ships between peak and daily maximum flows and corresponuing return
periods were established. Figs. A-80 through A-95 show these relation-
ships. Similarly, water surface elevations (above msl) for stations
under tidal influence, or for stations without flow records but with
only gage heights, are presented in Figs. A=-96 through A-104 for various
return periods. The indicated peaks of record are the highest of two
or three observations taken during the day. Actual instantaneous flood

peak could be somewhat higher.

Droughts and Low Flows

The distribution of rainfall within the Basin throughout the year
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is not even. Generally, the period of February through May, sometimes
extending well into September, is the dry season. Typical variation
in monthly basin rainfall at Pili is shown on Fig. A-105.

Low rainfall amounts within the basin were analyzed for seven (7)
gaging stations located in agricultural areas. Effective precipitation
was estimated at or below 80 mm per 10 calendar days; any depth of
precipitation in excess of this value was considered wasted. The records
of the seven stations were studied and for every year, available rainfall
amounts for consecutive 10, 20, 30, 60, 90, and 120 days were tabulated.

Two methods were employed:

a. Year/Severity Analysis: Every year on record was arranged
according to the severity of drought, considering no rainfall
as 100% severity. Relative severities were established using
the frequencies of rainfall lower than the designated amounts
during periods of 20 to 120 consecutive days. Thus 83% severity
means that once every 6 years (1/0.17) the effective rainfall
is lower than the amount given by the corresponding curve.
Figse A=106 through A-111 show the result of these analyses,

be Weibull's Extreme Value Analysis: At each station the available
rainfall amounts were arranged in ascending order and assigned
return periods for each duration. Then these values were plotted
on Weibull's Probability paper, establishing a relationship
between return periods and available rainfall amounts for each
duration at every station. Figs. A=-112 through A-123 show the

results of these analyses,

Streamflows in the basin reach their minimum values during the low
rainfall season. Monthly distribution of mean flows are shown on Figse
A-~12k and A-125 for the Sipocot River (adjusted flow), and the Bicol
River at Ombao (synthetic flow) considered as typical.

Low flows within the Basin were analyzed by employing the monthly
discharge records of the streams unaffected by tides. In the study,
synthetic flows for the Bicol River at Ombao, Pulantuna River (at the
damsite), Pulantuna Creek (at the damsite) and adjusted flows for the
Sipocot River at Sabang, Talisay River (at the damsite) were employed.
The low water levels at Lake Bato were also included in the analysise
At each station, minimum 1 month, 2-month and 3-month average discharges
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in each year were taken into the study. After plotting each value with
the corresponding return period on Weibull's Paper, similar to the
proccdure employed in low rainfall analysis, a relationship between

flow and return period was established for all three durations at each
station. Iigs. A-126 through A-148 show these relationships. Table A=5
presents the 5-year and 10-year flow values for 1, 2 and 3-month durations

at each station,

TIDES AND TIDAL STORM SURGES

The tides at the mouth of the Bicol Estuary are of a semi-diurnal
type. High water stage varies from .46 m to 1.47 m msl and low water
stage varies from = Oe1 to = 1.13 m msl over the period of a year for
neap and spring tide, respectively. There is some inequality but the
principal variations follow the moon changing phases.

Tidal effects on the Bicol reach Minalabac, where backwater effect
is observed. The thalweg of the Bicol River rises one meter above mean
sea level at Barrio Payogpoyan, Bula, Camarines Sur, some 70 km. upland
of the mouth. Theorefically, if there were no freshwater discharge, this
would be the maximum upstream location of tidal effests. The high tide
at Mabulo Bridge, Naga City occurs 2 hours after the time of high tide
at the mouth. Tidal observations at Balongay show that high tide occurs
10 minutes after the predicted high tide of Cabgan Island, according to
the "Tide and Current Tables, Philippines, 1976",

No field measurements exist of the actual occurrence of tidal
storm surges induced by typhoons. Model studies by AIT indicate that
the magnitude of storm surge is on the order of 2.0 m; rising from 0.0 m
to 2.0 m over a period of three (3) hours and then subsiding to 0.0 m
over a three~hour period. The AIT model assumed that the typhoon passed
across the mouth of San Miguel Bay, which is reasonable. The storm
surge is added to the astronomic tide and as a consequence, the total
storm tide can be as large as 3.47 m or as low as .87 m, corresponding
to the highest spring tide and lowest sprin; tide. No theoretical
method exists for predicting the return period of these tidal-storm
surges.

The tidal stage at Pasacao exhibits an inequality at both high and

low water; highest spring tide is 1.24 m while lowest spring tide is
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TABLE A-5

SUMMARY OF LOW FLOW ANALYSIS FOR RETURN PERIODS OF 5 & 10 YEARS

River & Location 5 Years 10 Years
of Station 1-Mo. 2-Mo. 3-Mo. 1-Mo. 2-Mo. 3-Mo. Remarks

Quinali R. @ Busac, Oas 2.50 2.90 3.25 1.90 2.15 2.45 Dam Downstream
Irraya R, @ Obaliw, Oas 2.80 3.25 3.70 2.40 2.95 3.25 Dam Upstream
Nasisi R. @ Nasisi, Ligao 0.83 0.90 0.95 0.70 0.75 0.80 Dam Downstream
Ugsong R. @ Benanuan, Ligao See Curves Dam Upstream
San Francisco R. @ Bobongsuran 1.70 2.10 2.45 1.00 1.45 1.85
Cabilogan R. @ Boboagsuran 2.60 3.00 3.50 2.20 2.60 3.00
Talisay R. @ Damsite 0.01 0.02 0.02 0.01 0.01 0.02
San Agustin R. @ Libon 1.80 2.20 2.50 1.05 1.35 1l.70
Agus R. @ Agus, Polangui 1.90 2.05 2.10 1.55 1.70 1.85
Lallo (Naporog) R. @ Antipolo,

Buhi 0.“3 0048 0.53 0.70 1.00 1.30
Barit R. @ Sto. Nifio, Iriga 2.45 2.95 3.15 2.00 2.30 2.65 Dam Upstream
Pawili R. @ San Roque, Bula 0.17 0.20 0.23 0.15 0.18 0.21
Pawili R. @ San Vicente, Ocampo 0.1l1 0.12 0.13 0.08 0.09 0.10
Anayan R. € San Roque, Pili 0.20 0.21 0.22 0.09 0.10 0.20
Yabo R. San Isidro, Naga City 0.31 0.33 0.35 0.22 0.24 0.26
Bicol R. @ Sto. Domingo, Nabua 7.20 8.20 9,00 3.20 3.90 k.50
Biccl R. @ Ombao, Bula 6.70 7.50 8.60 3.30 3.80 .40
Pulantuna R. @ Damsite 3.10 3.40 3.70 2.00 2.20 2.40
Pulantuna Creek @ Damsite 1.15 1.35 1.50 1.10 1.30 1.45
Sipocot R. @ Sabang Sipocot 6.85 7.85 9.00 5.00 5.80 6.80
Culacling R. @ Rosario, Lupi 0.18 0.20 0.22 0.25 0.50 0.80
Aslong R. @ San Isidro, Libmanan 0.37 O.lk2 0.50 0.23 0.28 0.32

WATER LEVEL, MSL
LAKE BATO 4.80 k.90 5.00 L.%0 k.50 4.60
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- 114 m msl. The tide varies occasionally from a semi-diurnal type to
a fully diurnal type. The occurrence of high and bow tides is 90o out
of phase with the tides on San Miguel Bay.

AIT conducted a model study of storm surge at this site, but
unfortunately, the results are probably exaggerated because the fetch
selected for wind set-up was considerably longer than would exist during
a storm. Since the Ragay Gulf is deeper than San Miguel Bay, the storm
surge should be significantly lower than the one calculated for San

Miguel Bay.

LAKE BUHI HYDROLOGY

Introduction

Lake Buhi is & natural lake situated between Mt. Iriga to the west
and & ridge, at the eastern divide of the Bicol River Basin, east of the
lake. The lake has a surface area of 18 8qe km. and a drainage area,
upstream from the lake outlet, of 105 sq. kme The lake is drained by
the Barit River, a tributary of the Bicol River via Lake Baaoe Accord-
ing to the manager of the Barit Hydroelectric plant, located 6 km. south
of the lake, the Barit River was deepened in 1952, and with a dam conas-
tructed to form a forebay and with penstocks to turbines, generation of
hydroelectric power started in 1957. The turbines discharge into the
Barada River, a tributary of the Barit River. The forebay is served
also by a siphon which starts to dischargc when the forebay reaches
water surface elevation 94.88 m. msl. Also, a flat sill overflow is
available as a spillway for large floods. It has an elevation of 95 m.
msl and is surmounted by hinged wooden gates, each 1 m by 1 m, held
upright by chains or wires. When lowered, they form a crest at about
elevation 95.3 m. msl. The plan of operation is to lower about 20 at a
No. 3 alert, a plan that in effect, auzments the flooding of the lower
Bicol River Basin by any water in Lake Buhi initially above the normal
operating level. The gates were not lowered, a workman has informed
enployees of the BRBC Office, during the 1970 typhoon and flood, but 6
gates opened as a result of hydrostatic and debris-pressure exerted on
the gate's upstream face.

The turbines have a discharge capacity of 12.6 cms. The mean

discharge through the power plant for the dry period 1961-1966, computed
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‘from kilowatt hours of generation, a head of 20 m, and an efficiency of
80 percent, was 5.3 cms. The monthly maximum was 8.2 cm= and the month-
ly minimum was 2.5 cms. No records are kept of siphon and spillway
operation, but a staff gage in the forebay is observed usually every
hour,

The hydroelectric plant may not be operated when the geothermal
plant at Tiwi starts operation in 1977. None the less, the plant could
be used as a hydropower peaking plant in support of a base-load geo-

thermal plant.

Rainfall

Rainfall has been observed within the drainage area of Lake Buhi
only at the town of Buhi. A standard raingage has been located succes-
Bively at various sites witnin the town, the present location being near
the lake. A record exists from 1951 to date, the data of daily rainfall
being that for a 2h-hour period beginning at hour 8. Frequency of
observation has varied, sometimes once a day, sometimes four times a
day and in recent years twice a day. The mean annual rainfall is about
2630 mm.

Intense rainfall of periods from one to about four days is due
mainly to typhoons, in their various stages of growth and decay, and
to tropical depressions. The Bicol River Basin receives an average of
about two typhoons a year. Sometimes, as in October 1952 and November
1954, the basin may experience three typhoons in a month. Because
typhoons tend to have a cyclical pattern, only a long period of record
should be used for statistical analyses. Rainfall of periods from one
to five days plotted on log~-normal probability coordinates from the
period 1951-1974 indicate that median rainfall and rainfall of 50~year

average recurrence intervals would be as follows:

Intense Kains at Buhi, Annual Water Year Series

Days starting 8 am: 1 2 3 L 5
Median rainfall, mm: 175 240 280 300 310
50-year rainfall, mm: 510 630 710 720 740

The greatest rainfull resulted from Typhoon Dinah, June 7-10, 1974,

Rainfall of Typhoon Sening, October 12-15, had an average recurrence
interval of about 3 years.
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Buhi is in the lee of a ridge with respect to the usual westerly
of northwesterly tracks of typhoons. Because the drainage area on Mt.
Iriga lies exposed to the typhoon tracks it experiences a combination
of typhoon and orographical rainfall and probably has a much greater
storm rainfall tham Buhi.

- Runof f

Discharges have not been recorded on streams tributary to Lake Buhi,
at the outlet of the lake, or at structure at the periphery of the Barit
forebay. Stations on the Barit River have been operated intermittently
from 1910 to 1956 at Santiago, drainage area 126 sq. km, by the National
Power Corporation and intermittently from 1951 to date at Sto. Nido,
drainage area 142 sq. km. (including the Barada River), by the Bureau
of Public Works. The NPC records are more easily used for an analysis
of runoff into and out of Lake Buhi. Monthly and annual discharges and
annual yield of the Santiago station are shown in Table A-7. The yield
from the basin derived from discharge data at the NPC station at fantiago
SBeems unreasonably high, but with no proof that it is and without a basis
for revising the information, no change is attempted herein. There is
need before and during any period of a feasibility study of the project
to review the runoff records of the Barit River Basin, and if need be to
revise discharges not only of the Santiago but also the Sto. Nifio station.

Runoff is usually low in April, May and June and high in November,
December and January.

The water levels of Lake Buhi and the Barit forebay are observed but
unfortunately during most years of observation, the Lake Buhi gage has
sufficed only for low, normal and moderately high levels, with no gage
installed to observe high lake levels.

Floods

Residents of Buhi hold memories of five high levels of Lake Buhi.
The highest occurred in 1943, with the level up to the main street of
town, estimated roughly as elevation 100 m. Subsequently, the outlet
channel was excavated so that a repetition of the flood event would
result in a lesser level of flooding. The remaining events, according
to recollection in 1975 of high water marks, which then were surveyed by

BRBC, were as follows: .
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Approximate Maximum

Year Typhoon Water Level in Lake Buhi
December, 1956 Polly 98.7
October, 1952 Trix 98.6
October, 1970 Sening 97.54
January, 1972 Aliang 97.05

On the basis of this information, the maximum water level of typhoon
Sening, October 1970, was one of about 10-year recurrence interval.,.

The probability of water-year annual floods of the Barit River,
Santiago, is shown in Fig. A-149. Again it seems that discharges are
overstated, particularly events in 1952, 1955 and 1956.

Flood Discharges

Engr. Veloso prepared and sent to the General Manager, the National
Power Corporation, a discharge rating cnrve for the outlet of Lake Buhi
using lake levels versus discharges of the Barit River, Santiago. The
rating is based on data of the period 1950-1955 and was applied to lake
levels of the period 1954 to 1963 for studies to determine whether the
lake could be used to better advantage in generation of povwer., The

rating was as follows:

Discharge Rating of Outlet of Lake Buhi

Surface

M.MSL. 0.0 0.1 0.2 0.3 0.k 0.5 0.6 0.7 0.8

0.9

95 3k k.o 5.1 6.2 8.7 9.5 1.6 14,6 1
96 21.5 25.6 31.0 37.1 44,0 51.5 60.0 69.0 80.0 9

79
745

97 100.0 130.0 150.0 176.0 203 239.0 274.0 319.0 360.0 410.0

98 470.0

The rating, as for that at Santiago, may overstate the true dischar
The manager of the Barit power plant has stated that the channel from
the lake to the Barit forebay was not enlarged in the period of 1953 to
1975. The rating is used herein, in lieu of anything better, to analyze

some of the great flood events,
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Flood of October 1970 - Typhoon Sening

The flood of October 1970 is of interest because it is the event
used to calibrate the computer models of the Bicol River Basin. At the
time of the AIT Study, discharges of the Barit River were not used as
inputs into the computer ‘network, and instead the Barit River Basin, like
many other tributaries of the Bicol River, was assigned rainfall accord-
ing to Thiessen polygons together with generalized runoff coefficients.
An attempt will be made to derive discharge hydrographs of lake outflow
and basin-wide runoff into the lake. Inflow will be compared with rain-
fall as observed at Buhi.

For the October 1970 flood, gage height data are not available for
the Barit River, Sto. Nifio, or for the Barit forebay. (The Santiago
station had ceased to be operated on December 31, 1956, before the pover
plant started to operate and divert water into the Barada River.) Levels
of Lake Buhi are available for October 1l-13 and October 17-31. The gage
was submerged on October 14 to 16. Rainfall, normally observed twice
daily is given as a single reading and assigned - wrongly - to 5 pm,
October 12. The observer may well have been hampered by typhoon winds
and rain and thereafter by high lake levels, so it seem appropriate to
assume he obeerved the gage at 5 pm, October 15 or 16. The observer
reported beginning of rain as hour 2330 October 12 and end as hour 24
October 13. 1If rain occurred at other times, as it did at most other
Bicol Stations, it paled in comparison with that of the typhoon rain,
and the observer reported "no rain". A high water mark - or rather a
recollection in 1975 of high water in 1970 - was surveyed in September
1975 by BRBC as 97.54 m msl.

Given the meager data, much has had to be estimated. The levels
of lake Buhi, the outflow, the inflow to the lake, the accretion and
depletion of groundwater storage in the drainage basin, the direct sur=-
face runoff expressed as yield in millimeters, the mass curve of rainfall
at Buhi, as developed for the typhoon Sening storm and flood, are shown
in Fig. A-150. Tabulation of events is shown in Table A-8,

An outcome of the estimate - whatever its degree of validity may be
- is that direct surface runoff of the flood is a total of 462 mm. The
accretion of groundwater storage from the storm, according to the assumed

line in Fig. A-150 in excess of uniform base flow, is 160 mm. Assuming
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say 40 mm as the evapotranspiration loss during the period of surface
runoff, there would be a total of 662 mm as average rainfall on the basin.
Such an amount is about 80 percent greater than the observed rainfall
360.7 mm at Buhi. An amount greater than Buhi is expected but whether
80 percent is reliable is open to question. In addition to the differ-
ences with respect to topography there is the feature that rain gages
will understate rainfall when rains are accompanied by stormy winds. 1In
any case, further analyses should be made during feasibility studies,
based on discharge measurements at the outlet of the lake.

The inflow and outflow hydrographs of Table A-8 and Figure A-150
may be used for the LATIS Computer Study.

Flood of December 1956 - Typhoon Polly

The flood of December 9, 1956 was the greatest flood of record on
the Barit River. At the NPC station near Santiago (drainage area 126 sq.
km.) a daily mean discharge, based on twice - daily staff gage observa-
tions, is reported as 360 cms. At the B.P.W. station ear Sto. Nifio
(drainage area 142 sq. km.), the daily mean discharge and the momentary
peak discharge are reported as 555.5 and 859 cms., respectively. The
rainfall for the rain gage at Buhi is reported as follows:

Rainfall for 24 Hours Starting et Hour (08.mm)

December, 1956 6 i 8 9 10 11 12 13
Rainfall, mm: 119.4  25.4 116.3 255.9 24.9 0.0 2.8 0.0
Accumulation, mm: 0.0 119.4 144.8 261.1 516.9 541.8 5Skk.6 Sk 6

Records are not availanle of water levels of Lake Buhi. The resi-
dents of Buhi recollect that the lake was higher in 1956 than at any
time in the last 25 years and that it was exceeded in 1943 before the
Barit River Chanuel was deepened. Survey in 1975 of the 1956 high-water
mark recalled by Buhi residents placed the water level at Elev. 98.7.

If this level is reliable and if the rating curve also is reliable, the
outflow hydrographs from the lake must have been very great.

Records, if any exist, of the water-level elevations of Barit
forebay, are not at the Barit Power House Office.

An analysis of runoff into and out of Lake Buhi has not been attempted,
despite the magnitude and importance of this flood event.
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Flood of November 1955- Typhoon Patsy

‘The flood of November 1955 is the second ranked flood of record
of the Barit River. The daily mean discharge of the NPC station near
Santiago is reported as 310 cms. The daily mean and momentary maximum
discharges of the Barit River near Sto Nifio are reported as 199,6 and
280 cms, respectively.

An analysis of this flood with respect to the drainage basin, 105
8q. km. in area of Lake Buhi is shown in Table A-9 and Fig. A-151, By
use of the NPC rating table for the outlet channel of the lake, the
peak outflow is found toc be 350 cms. By use of the outflow hydrographs
and changes in stovage in the lake, the inflow hydrograph is estimated
to be 390 cms. During this event, the staff gage in the lake was sub-
merged November 29 and 30, but NPC reports a maximum lake elevations as
97.76 m. With an initial lake level at the onset of the flood at
elevation 95.53 m., the rise of level was 2.23 m., equivalent to a
volume of 40.1 million cubic meters. The yield from the basin of direct
surface runoff is estimated roughly at 975 mm. With storm rainfall Joss
to groundwater storage at 295 mm. and evapotranspiration loss assumed as
40 mm, the mean rainfall over the basin would have been 1310 mm, an
amount comparable to the mean rainfall, 1313 mm, of typhoon Gloria on
the 763.4 sq. km. drainage area upstream from Shihman dam in Taiwan,
hereto held to be a world record. If the analysis of runoff is reliable,
then some place in the drainage basin is likely to have had a rainfall
greater than the 2h-hour Philippine rainfall record, 1169 mm, at Baguio.

Flood oif Octooer 1952 - Typhoon Trix

Residents of Buhi hold this flood to be second to that of 1956, with
reference to height of Lake Buhi water levels. By recollection of high
water marks, the level would have been 98.6 m., Either the recollection
is faulty or the NPC zeros of their staff gages in the lakes are incon-
sistent. By the NPC staff gage observations, the maximum water elevation
could only be a few centimeters over the observations, 97.36 m, at hour
18, October 22. The latter amount would place the 1952 event at about
the same magnitude as the 1970 event.

At the NPC hydrographic station on the Barit River near Santiago,
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“the 1952 flood was the third greatest of record, with daily mean dis=-
charges of 250 cms. on October 22. No record is available for the BPW
station near Sto. Nifioe.

An analysis of runoff into and ocut of Lake Buhi is shown in Table

A-10 and Fig. A-152. The meximum discharge at the lake outlet was about
200 cms. The lake level rose about 1.4 m, equivalent to storage of 25

million cubic meters.

Flood of June 1974 = Typhoon Dinah

More rainfall occurred at Buhi - for periods from one to over five
days - than in any previously recorded period. Maximum discharge from
the lake, from the analysis shown in Table A-11 was less than for floods
previously mentioned, that is about 110 cms, one reason being tbat the
lake level at the pnset of the flood was at a low elevation. Another
reason results from uncertainty of the maximum water level, the gage
having become submerged at water surface elevation 96.8 m. An estimate
of maximum level is shown in Fig. A-153 as elevation 97.0 m, the pattern
of gage levels being taken to simulate that of the other floods. The
1974 runoff utilized Lake Buhi storage between elevations 95.4 and 97.0,
or 28,9 million cubic meters.

Discharge data tor the BPW station, Barit River near Sto. Nifio, are

not yet available for 1974,

Flood of January 1972 - Typhoon Asiang

The flood of 1972 was memorable to the residents of Buhi as being
the fourth ranked in 25 years with respect to levels of Lake Buhi. By
their recollection of high water levels, the elevation would be at
97e05.m.

The high lake level occurred because the lake level at the onset
of the flood was high. The storm and runoff were not otherwise of
importance to project planning. The analysis of the event is shown
in Table A-12 and Fig. A-154,



RECOMMENDATIONS

The existing hydrologic information on the B%col Basin must be
improved through refinement of basic data., The existing data gathering
network also should be improved. An outline of recommendations for
future data collection is presented in Table A-6,

Ths guality of the available data is nevertheless, adequate for a
pre-feasibility study, and little effort was devoted to refine the data
at this stage. As the studies progress into following stages, the
hydrologic work presented here should be reviewed and improved according

to the requirements of future work.



TABLE A-6

BICOL RIVER BASIN HYDROLOGIC DATA

Data Existing Required
l. Daily records l. Extend daily rain- 1.
2. Intensity Data fall coliection
(only very network
recent) 2. Install more
intensity recorders
Precipitation 3« Install weekly/ 2.

monthly collector
gages in mountains

Daily records l. Extend the exist- 1.
ing network
2. Install long term
data collectors
near rainfall
collectors on 2e
mountains

Evaporation
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Susgestiona

Daily rainfall

gages

a. Schools

b. Villagers or
farmers

Intensity re-

corders

a. Universities
Colleges

b. Cities,
large towns

Long term col-

lectors

a. Mobile team

b. Farmers

Daily gages
a. Universities/
Colleges
b. Cities,
large towns
Long term gages
a. Mobile team
b. Farmers

2.
3a

b,

1.

Remarks

Proximity to
potential
project sites
Easy access
Intensive
control
Sharing data

Same as above



Data

Stream Stages
Stream Flows

Flood Wave
Profiles

Tide Levels

TABLE A-6 (Cont)

BICOL RIVER BASIN HYDROLOGIC DATA

Existing

Daily Records

Water surface
elevations at
various locations
along rivers

l. Predicted astro-
momic tide levels

2. Tide levels at
Balongay (short
term)

2e

3.
4.

Reguired

Rehabilitate or
improve existing
gages

Extend existing
network

Install recorders
Topographic
establishment of
datum for each

gage,
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Suggestions

l, Stream staff
gages
a, Gages ex=
tending
above pos-
sible flood
levels
2. Stream flows
a, Mobile team

Mobile team

1,
2.

3

S5»

6.

Remarke

Easy access
Conscientious
observers
Intensive
control
Simultaneous
flow measure=-
ments and tide
observations

at various flow
levels in tidal
reaches.
Continuous re=
cording=-Unit
hydrographs
Hourly flood
observations.

Obtain from
stream stage
data

Continuous
observations
during typhoons



TABLE A-6 (Cont)

BICOL RIVER BASIN HYDROLOGIC DATA

Data Existing Regquired Suggestions Remarks
Daily Stream Same as for streanm l. Short duratien l. Easy access
Stage Records stages (less than 24 2. Intensive
Flood Duration hours) floods: control
hourly obser- 3. Conscientious
vations gage keepers

Low Water Duratian Daily Stream Stage

Recerds
Individual obser- Sampling during Simultaneous with l. Bottom sampling
vations various periods of flow measurement 2. Suspended sedie
;- the year at streams ment sampling
'rl
SBediment Transport with depth-
integrati-=
samples.
3« Source surveys.
Individval obser- Sampling during l. Same as current Provide adequate
. s vations various periods measurements lab. and expertise
Water Quality

of the year 2. Additional
samples at un=
gaged locations

Please refer to
Groundwater report prepared by
Mr. L. Nonini.
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TABLE A-6 (Cont)

BICOL RIVER BASIN HYDROLOGIC DATA

Data Exieting Required Suggestions Remarks
Daily records l. Extend existing l. Daily readings 1. Intensive
network a. Schools control
2. Install shorter be. Villagers 2. Conscientious
Temperature interval (6 or 12 and farmers observers
hrs.) system 2. Other readings
3. Install wet bulb, a. Universities/
dry buldb tempera- Colleges
ture reading b. Cities,
system large towns
None Install daily humidity Universities/ Same as for
Humidity reading network Col}egoa temperature
Cities, large
towns
Wind Speed/ Daily.mean.speed Igstal} wind speed/ Pili Airport Continuous
Direction and directions direction recording hourly readings
records stations during typhoons
None l. Install daily l. Daily reading Same as for
Barometric (Outside the basin) reading system a. Universities/ winds
Pressures 2. Short duration Colleges
readings be Cities,

large towns

2. Short duration
readings

a. Pili Airport
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TABLE A-6 (Cont)

BICOL RIVER BASIN HYDROLOGIC DATA

Data Existing Required Suggestions Remarks
None l. Install daily l. Daily cloudiness 1. Intensive
(Outside the Basin) clouding re=- Same as pressure control
Cloudiness cording system 2. Conscientious
Sunshine iiours 2. Install sunshine 2. Sunshine hours observer
hours recorder. Pili Airport
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Table A — 6a

Monthly and Annual Rainfall at Buhi, Camarines Sur
(Millimeters)

YEAR . R . . . . . . . . tCALENDAR: WATER
. J : F : M : A : M : J : J : A : S : 0 : N : D : YEAR : YEAR

1950

1951

1952 246,5 145.5 108.7 11.7 114,80 206.50 290.8 669.0 185,77 899.4 375.1 509.0 3762.8

1955  146.5 200. 4 80.5 29,9 168.6 181.3 175.5 257.0 231.9 169.1 282.4  351.8 2272.9

195& 73.9 v 205.2 18.0 82.3 186.9 139.2 320.8 223.5 218.2 623.8 546.3 2711.5

1555

1956  1:1.1 75.S 153.7 31347 142.7 124.7 288.3 199.1 579.3 161.7 451.6 1231.1 3859.9

1357  515.4 65.5 100.0 125.8 35.8 197.6 303.7 159.5 161.0 295.2 402,3 98.2 2350.0

1958  211.1 76.5 121.4 190.8 52.6 253.2 183.4 279.4 187.2 746.3 244.3 L3z,2 25834

1359  228.§ 82.0 258.7 38.6 210.8 102.6 253.4 241.5 82.5 152.4 b45.5 575.5 2653.2

1960 55.9 105.4 L48.¢ 142.7 333.8 164,11 185.9 173.2 597.7 236.5 172.7

1961  129,5 12.2 ba,7 38.4 124.9 123.5 256,32 290.1 333.8 246.4 222.8 356.4 2183,0

1562 175.5 106.7 128.¢C L, 4 339.3 105.7 464,2 148.8 203.5 74.7 299.2 291.8 2279.8

193¢ 77.5 1Ci.1 11.9 30.2 49,3 252.5 94.9 Lob 4 250.2 116. 219.2 224.8 1832.3

1954 130.8 158.8 20.6 85.1 62.7 2449 90.2 151.1 388.4 131.3 293.4  320.3 2077.3

1965 197.6 4.6 2G.6 1970.4 26€.7 371.1 227.8 Lo6.7 178.8 280.7 217.3

1366 257.1 16.0 61.0 bi.2  208.3 210.3 381.2 353. 4 235.9 191.6 k37.6 602:1 2995,7

1967  218.5 124.7 138.53 10C.6  176.1 157.7 379.8 Lko,9 285.0 186.1 232.1 139.3 2679.1

1968 159,2 186.5 353.2 L429.5 54,2 148.9 €5.3 1608.4

1645 190.4 307.0 175.4 144.6 309.03

97 58 89 32.7 23.3 91.3 295.4 283.4 313.4

1971 187.3 313.3 148.1 43,9  295.5 Lg.6 165.9 237.3 207.9 h441.5

1972  255.4 323.1 58.9 31.6 173.9 350.8 197.4 52k, 4 204,5 154.18 359,31 221.9 2665,39

1373 55.8 55.9 36.0 27.7 91.9 128.9 226.5 256, 4 322.0 583.4 471.8 625.2 2879.53

1957k €5.4 117.4 54,3 29.3 102.C 73042 3577 181.1 174,9 L65.7 k92.7  543.2 3313.9

Mean

Max

Min

SOURCE: ANNUAL CLIMATOLOGICAL REVIEW (1952-1968) and FILES, (1950-1, 1953, 1969-74) WEATHER BUREAU
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Fig. A-2  Locations of Rainfall Stations in Bicol River Basin and Its Vicinity
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Fig A-3 Length of Record for Rainfall Stations in the Bicol River Basin and its Vicinity
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Fig. A- 4 Isohyets for Mean Annual Rainfall, Bicol River Basin
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Fig.A-5 Isohyets for Mean Monthly Rainfall, for the Month of January,
Bicol River Basin.
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Fig. A-6 Isohyets for Mean Monthly Rainfall, for the Month of February,
Biocol River Basin.
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Fig.A~7  Isohyefs for Mean Monthly Rainfall, for the Month of March,
Bicol River Basin
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Fig A-8- Isohyets for Mean Monthly Rainfall, for the Month of April,
Bicol River Basin |
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Fig.A-9 Isohyets for Mean Monthly Rainfall, for the Month of May,

Bicol River Basin
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Fig A-10 kohyets for Mean Monthly Rainfall, for the Month of June ,
Bicol River Basin
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Fig-A-Il Isohyets for Mean Monthly Rainfall, for the Month of July,
Bicol River Basin
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Fig. A-12- Isohyets for Mean Monthly Rainfall, for the Month of August,
Bicol River Basin
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Fig. A=I3 Isohyefs for Mean Monthly Rainfall, for the Month of September,
Bicol River Basin
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Fig. A-4 Isohyets for Mean Monthly Rainfall, for the Month of October,
Bicol River Basin
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Fig.A-I5 Isohyets for Mean Monthly Rainfall,for the Month of November,
Eicol River Basin
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Sgn_Francisco River, Bobongsuran 131

Caobilogan River, Bobongsuran 164

Ugsong River, Benauan i

Nasisi River 39

Iraya River 317

Talisay River 90 %

Quinali River 232

san Agustin River 262

Agus River 1t
* Loke Bato 874 % WY

Bicol River, Sto. Domingo 905

Pawili River, Samn Vicente a2

Pawili River 240

Bicol River, Ombao 1630

Anayan River 17

Bicol River, Baliugg Nuevo 1720
+ Bicol River, Mabulo, Naga {1930 T A A A | B

Yabo River, Naga 20

Pulantuna River 172

Culacling  River 64

Pulantuna { Yabu) Creek 55

Sipocot Rivar 447

Aslong River 12 YA A
4 Libmanan River 596 7 AT 747 A T A7 7
% Bicol River, Cuyapi 2717 7722 N o L R s %

4 Only gage heights available
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FIG.A-36 STREAMFLOW GAGING STATIONS IN THE BASIN

I



31

BICOL RIVER BASIN
N

LEGEND :

A Gaging Station Not Effected by Tide™]
& Gaging Station Effected by Tide

——=—= PBoundary of Subwatershed
~—e== Boundory of River Basin

SAN MIGUEL BAY

L1530 13 36—

STI'EAM GAGING STATIONS

2 Cabdszan River, Bobongsuran , Lgoo, Alboy
3 Ugsong Hiver Gienaim L:goo , Albay
4 Nasist River, Nostw, Ligoa , Athay
5 heayo River, Ohaite, Ogs , Albay .
6 Tuay Faver, Aliung , Ligao, Alboy ™
7. Ownsd River, Busoc, Oas , Albay
8 Son Amustin Fivar, Son Agustin, Liban , Albay
9 Aqus Fiver , Agus , Polungea , Alboy
10 Napsrog River |, Antpala , Bule
11 Laxe Bato, Pabiockn , Bato
12 fucol Hiver , Sto Dorungo, Nabua, € S.
14 Puwids River, Son Vi ente , Ocoirpo, C S. .
15 Ruwih Miver,son Reque ,Bulo , €S —/< P
16 Bizol River, Omban , Buln, € 5.
17 Angyon Fiver, San Honee | 14 , CS
13 ficol River , B-iivug Nurvo , Minoiaboe ,C.5.
19 Bical Rwer, Moun |, Naga Cly
- &0 Yoro Rwer, Sun ludro , tegn Cit

21 Prganna itiver, Nepoivdan , L £ 5
22 Cutnglng Aiser, el Rosidio , Lusi,C §
23, Paantute Creer | Yoo, Stpocat ,CS
29 Sipoey Wwer, Subang , Sipocat /€ §
2% Asting Hiver , S isdio,Lumangn , CS.

Li?" o R s Gt inongn G > O 5§ 10 15 20 KMs.
Reproduced from AIT report 54

\...”

o SCALE o
123 00 123 30

Fig. A-37 Division of Subwatersheds for Bicol River Basin ond
Locations of Stream Gaging Stations



TRIBUTARY AREA

sq. km.

N

GAGE

N

HEIGHT,m,

NE@\J

o

70

60

50

30

20

10

DISCHARGE, CMS

Fig.A-38 Rating Curve for Lalo River, Antipolo, Buhi




29

350

300

s
250

TRIBUTARY AREA
55 sq km.

200

e

100

50

!

GAGE | HEIGHT, ml~—g o

"2 < o] N -

DISCHARGE, CMS

Fig. A-39 Rating Curve for Yabo River (Pulantuna
Creek), Yabo, Sipocot, Camarines Sur




10

g
» g
(V5]
=
3
a \ g
; g
(o))
(0]
o
T o
© TRIBUTARY AREA |°
£ fl2fq. km.
3

800

600

200

\

GAGE HEIG&\Q o

g )

50
45

DISCHARGE, CMS

9. A-40 Rating Curve for Pawili River, San Vicente,
Ocarapo, Camarines Sur




TRIBUTARY | AREA
!l sq. km.

\

AN

GAGE | HEIGHT, m. \04

w < 2] (3"}

200

I50

100

50

DISCHARGE, CMS

Fig.A-4l Rating Curve for Agus River, Polangui




800

-
700

600

=

From |Records —5
500

TRIBUT#\RY AREA
1630 sq. km.

Datum at F0.936m.,M$L

~

400

" A

300

-]

=5
200

From Mgnning's Forfmula —\

100

GAGE | HEIGHT®®_,m. MSL

10
8
6

< N

DISCHARGE, CMS

Fig. A-42 Rating Curve for Bicol River, Ombao, Bulag,




3

GAGE

N

HEIGHT , m.

\

o
8
6

<

o

g
3
\ g Q
_ <]
2 z
. - o
E 3
& g &
M
o)
oV
-+
s 5
E TRIBUTARY AREA
© 17 sq. km.
O
g
\ 3
\ 8

5C

Fig.A-43 Rating Curve for Anayan River, San Roque,

Pili




DISCHARGE, CMS

300

200

TRIBUTARY AREA
905 sq. km.

AN

100

%

N

GAGE | HEIGHT, ml\‘J\O\

(&)

(4] © N~ w n

10

Fig.A-44 Rating Curve for Bicol River, Sto. Domingo




g
\ 3
8 ©
w.
O
o
<
I
O
wn
- 8 &
3
-d
(2]
= (=3
" (=
E \ -
N TRIBUTARY AREA
N
o 240 sq. km.
o
+
5 §
E
3
Q
(o]
§
N g
\Gksguyslem, m .
o e ® © e > o~

Fig. A-45 Rating Curve for Pawili River,San Roque Bula




!
[@]
3
|
n
2 1
E z
o
<
5
E
5 4
0 ;
\ ‘
\
\ TRIBUTARY AREA
: I1'$Q. M.

e

100

50

0o

GAGE [ PRIGHT, m

®

DISCHARGE, CMS

Fig.A-46 Rating Curve for Ugsong River, Binanuanan,
Ligao




200

€
- a
= -
s’ 3 2
0 2
m bl
~ o
16)]
o B
+
(=)
£ ©
8
8
TRIBUTARY AREA
39sq. km.
O (o]
lo °
%{(
)
%
GAGE HEIGHT,m.\gm o

DISCHARGE, CMS

Fig.A-47 Rating Curve for Nasisi River,Nasisi, Ligac




Quinali Rjver at Bu%ac

TRIBUTARY AREA
232 sq. km.

o

| GAGE _\Hglauj A1

2.53*

200

150

100

50

DISCHARGE, CMS

Fig.A-48 Rating Curve for Quinali River, Busac




2
; 3 g .3
; g
| ! e
. e ¢
| 5
172
| ‘ 8§ &
;
18
2
TRIBUT RRE A
90 sg- kem.
' 8
o\\ o
O\a\ °
GAGE $‘\4@_40

0 < " N -

Fig. A-49 Rating Curve for Talisay River, Aliang, Ligao
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Fig. A-32 Rating Curve for Pylantuna River, Napolidan,
Lupi, Camarines Sur
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Fig.A-54 Rating Curve for Irraya River, Obaliw, Oas
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Fig.A-56 Rating Curve for Barit River, Sto.Nino, Iriga
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Fig. A-57 Rating Curve for Aslong River, San Isidro,




5%

\
-
o
'3
N~
S
(@]
4
© TRIBUTARY AREA
E 1720 sq km.
2
S
\
\%
GAGE | HEIGHT, m.
0 < ~ -

350

300

250

200

150

i00

50

DISCHARGE, CMS

Fig. A-58 Rating Curve for Bicol River,Baliwag Nuevo,

Minalabac




23

/

/
et
% ﬁ / ow o | /
: / ) //
A | /
m /
e
[/ /
Vi

FIGA-39 Daily Maximum Discharge -Volume Relationship,
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TABLE A-7a
Dischorqe Dischame¢ m
L ‘-'wﬂbr ab Lake BUHI
YEAR | Wouit s, - rmonili %—mg. s -1,
0
1949 | o ¢ 8.9 15.78 15.78
1960 1 3 € 14.55 1242 2740
F e 9.92 .27 317
M 8 8.45 7.04 43.2|
M 4.3 3,63 51.4
J 463 3.8
J 4-63 4.02 zg
A 3.71 3.09
5 12.52 0.4 ;’:o‘:
0 9.4 7.60 BI.97
N 13.87 156 63.53
D 19-8 817 10l. 70
e [ g 1462, 12.18 113. 86
F 9.05 0.0k 12492
M -78 5.65 127.67
A 5.20 4.3 131.%0
M 9.95 029 140,19
J 5.97 49 14517
J 6.2% 6.01 150.24
A 9.0 8.18 158.42
S 8.5 7.1 165. 58
0 8.9 1.4 173. 0!
N 16.67 12.72 105.73
D 2.4 19.67 204.40
1952 J 16.90 1408 1/9.4
F 13-04 10.67 229.3
A 1-¥ 702 257.17
A 6.1 5.3 142,
M 4-5 EN, 244.10
J 440 3.67 249.77
J 5.¢9 4.4 254 51
A 1393 "0 205.53
5 Io. 85 14. 04 27459
(o} 39.00 32.87 312.14
N 21.59 3299 335.13
b 19-44 32.67 368.0
1957 J Z|-40
F "8 ;gg:;‘;
M 8.9 407.50
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TABLE A-8

ANALY515 & RUNOFF F |lake BUHI
ikage  Basiu - - TYPHOON SENING

Elt

octopeEr 1970

xero s 93.79
oot Lake BUH! Lovke BUHI Alake| Q Eauiv.| INPOW [ Assumed | Base |Dwect Surface| £
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RAINFALL AT BUHI AND DISCHARGE INTO AND OUT OF
LAKE BUHI, TYPHOON PATSY, NOVEMBER 1955
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RAINFALL AT BUHI AND DISCHARGE INTO AND OUT
OF LAKE BUHI—TYPHOON TRIX, OCTOBER, 1952
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APPENDIX B
MATHENMATICAL MODEL OF THE BICOL SYSTEM

INTRODUCTION

The contract between the BRBC and the TANS/TAE Joint Venture required an
evaluation of several flood control schemes which had been proposed in previous
studies and analyred by the Asian Institute of Technology using a mathematical
model formulated to represent the basin and the flood control measures in a
achematic way., In view of the need for a more detailed computation of discharges
and elevations in the river system and its flood plains, and to simulate the
behavior of some flood protection measures not represented in the AIT model, it
was decided to construct another model with the use of Program LATIS developed
by TAMS and used in a mumber of similar cases. This was considered more conve-
nient than to try to modify the AIT model to increase its degree of detail,
within the time and budgetary constraints imposed by the BRBC-TAMS/TAE contract.

In addition, the LATIS model was prepared also to represent low flow
conditions for arnalysis of salinity intrusion in the lower Bicol system after
field data was collected,

THE EQUATIONS OF MOTION IN CHANNEL NETWORKS AND THEIR SOLUTIONS IN
FINITE DIFFERENCES

The one~dimensional dynamic equation of flow in an open chammnel is written:

2v_lale v _av (1)
2t K° g€ ox

where H is the water surface elevation; x, the length of the channel; t, the
time; g, the acceleration due to gravity; V, the velocity; Q, the discharge;

and K, the conveyance,
The continuity equation may be writien for node i of a channel network:

N

=1
where the subscript j indicates any of the N nodes connected to Node i and Ay
is the surface area associated with the node, ( a function of Hy) which will

serve as a reservoir,
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Equations 1 and 2 are not linear but do not contain terms with products
of the derivatives. To solve them they will be expressed in finite differences
and linearized. The quadratic term in the discharge in Equation 1 is substituted
by the product of the unknown discharge at time t and the discharge computed
one (or two) time intervals before for the same channel reach, which reduces
the term to a linear one. The other non-linear temms are similarly linearized
by using previously computed values of the veriables in a recursive form.

When the space derivatives are defined in terms of the unknown values of
the variables, the resulting system of linear equations is implicit, that is,
each equation contains more than one unknown. If the space derivatives are
defined in terms of previously computed values of the unknowns, each equation
contains only one unknown, provided by the temporal derivative, or by the friction
term, and the system is explicit,

There are advantages and disadvantages to each systecm. Implicit systems
are in general unconditionally stable, independently of the time interval.
Consequently, relatively long time intervals may be used, which reduces the
number of operations and ailows for the representation of long periods of real
time with reasonable computer times. Explicit systems are subject to the Courant
condition, which imposes a limit to the integration time interval, depending on
the depth and lerngth of the channel reach and, in general, they are more suitable
for relatively short real time representations, Implicit systems are sorewhat
difficult to modify once the network is defined and unless the matrices are
tri-diagonal, each solution may consume a considerable amount of computer time,
which tends to compensate for the savings obtained by increasing the time interval
and therefore, decreasing the number of solutions for a given integration.

In addition to the Courant condition, which applies to the explicit solution,
there is a limitation on the time increment which applies also to implicit
solution. When paris of the network are gradually flooded, long time intervals
may be conducive to solution "blowups" if the volumes of water which flow through
a link during the time interval are large in compariscn with the capacity avail-
able at the node being flooded.

Instabilities may also appear when models present abrupt changes in hydraulic
or topographic characteristics, such as reach length, conveyance, cross-sectional

area, depth, flood plain width and area, etc,
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SOLUTION STRATEGY FOR THE BICOL SYSTEM

In view of the complicated geometry of the problem at hand, ineluding
two rivers and their estuary amd a substantial flood plain, it was decided to
use an explicit finite difference system which would allow progressive flooding
of links located outside of the permanent channels of the system, There are
in the natural river system, a mumber of multiple connections arnd its complexity
increases when the proposed flood protection measures are represented,

The use of an implicit solution system would have resulted in a less
flexible procedure, and the introduction of modifications would have been
more time consuming,

PROGRAM LATIS

The Bicol Mathematical Model was formulated using Program IATIS which
had been used in a number of previous network analyses, and has been conti-
mwously revised to extend its range of application. TATIS is explicit, so it
is subject to the Courant condition which, for the IATIS procedure may be

written:
L

At < Eh — (3)
2 (v, +V &7, ;)
In which: A+t is the time interval; Lij, the length of reach (or link) ij;
Vij, the maximm absolute value of the velocity in the link; g, the acce-
leration due to gravity; Yijs the depth,
The equations are written in terms of the variables for three consecutive

times: ¥, t~1, and t-2 each separated by a constant ZXt. The variables for
time t are unknown; the previous ones are already computed, To obtain the
variables for the interval (t) - (t~2 A+t) a weighed value is computed.
Referring to water surface elevation:

H(1;-1) e (g4a) H(1;-1) _ aH(t-z) (4)

in which a is a constant less than one in absolute value,
The dynamic equation may then be written for link ij of the network as
follows:
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In which A_,_j is the cross-sectional area for the link at midpoint, which is a
function of the average water surface oclevation at nodes i and j; CALIB is a
calibration constant, which modifies the conveyance and is equal to the ratio of
the Manning's n used to determine K and a revised value, when the dimensions of
the channel are kept constant; K:Lj is the conveyance of link ij correspording
to the average water surface elevation at nodes i and j; Bij is the channel top
width; L and X are respectively the nodes connected to i and j; Aj and Aj are
the surface areas of nodes i and j; Ai;)(H);) and A4 (H)i are cross-sectional
areas of the link at nodes j and i, which are functions of water surface eleva~

tions Hy and Hy,
The third term in the right hand member is a finite difference expression

of the convective inertia term (V/g) 2V/ 2 X, in which the spacial velocity
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derivative has been obtained using first the continuity equation applied to
link ij, and second the continuity equation anplied to nodes i and j to obtain
an average value of the temporal derivative of H, which is required in the
first one.

In many models this term is considerably smaller than the other two in the
right hand side of Equation 5, respectively the local inertia and the friction,
In addition, some solution instabilities may start in its computation and
Program IATIS has an option to ignore it. This is justified when the solution
is gradually changing, as in the flood problems of the Bicol Basin, but would
be required in a fast moving wave problem such as a dam collapse wave.

Program LATIS admits links with constrictions. A check is first made to
find the submergence conditions, for which the depths between the downstream
node and the bottom elevation at the constriction and between the upstream node
and the same bottom elevation are computed, If the ratio of the former and
latter is less than 2/3, a critical flow is assumed and the discharge is computed
using the corresponding formula for critical flow in a constriction, So Equation
5 is bypassed (1) (2). If the ratio is larger than 2/3 a constriction head loss
term is added in Equation 5 to the friction loss term, using standard relations
for bridge pier constrictions (1) (2), but the convective term is ignored,

If the link is a boundary link, (or pseudo link), a hydrograph is input
as a table of discharges and times, again Equation 4 is bypassed, and the dis~
charge is interpolated. These discharges may correspond to a hydrological inflow
or to a diversion subject to a time rule,

If a weir is present at the end of a link, the discharge is interpolated
from a table of discharges versus elevations at the upstream node, If a tidal
gate is present at a link, the discharge is computed only when the water surface
elevation at the upstream node is higher than the downstream one. Otherwise it
is set to zero.

There may be river and overflow links, In the first case, if one of the
nodes is wet, the other will become wet when the water surface elevation in
the wet node is higher than the bottom elevation in the dry node. Overflow
links are defined by the bank elevations at both nodes. In this case, if one
of the nodes is wet, and the other dry, the latter will become wet when the
water surface elevation of the neighbor node reaches a level higher than both
bank elevations., When both nodes are wet the program will compute the discharge.
Otherwise the link will not be acknowledged.
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Overtopping of roads may be represented assuming a fietitious constric-
tion with bottom elevation at the road crest.

The continuity equation referred to a node i comnected to N nodes J may
be writlen in finite differences as:

N
28ty (1) o) - () < ((raa{t1) - aa8-2)) () glt=2)y ()

j=1

Equation 6 is bypassed in the case of pseudo~rodes, where a table of
elevations versus time may be input, or a sinusoidal tide mey be computed. In
the first case, interpolation may be linear or sinusoidal, If sinusoidal inter-
polation is used, the input table must contain the successive maxima and minima
of the elevation hydrogreph,

Figure B-1 shows a schematic flow chart of the program, which in its present
version requires approximately 230 K bytes of memory, and is able to analyze
a network of 250 nodes and 250 links with up to 35 conmstrictions,

Printouts are obtained at prescribed intervals (one hour for the Bicol
model) and consist of tables of elevations and discharges for all nodes and
links,

The program may also be applied to two-dimensional problems, using a
rectangular network with automatic computation of hydraulic characteristics.

In this case, a shear term is added to Equation 5 to take care of lateral
transfer of mowastum,

LATIS may be coupled with Program SAITI, for salinity propagation in a
channel network, which was developed by TANS fcllowing a strategy similar to
that of G. T. Orlob and others.3

The topographical information for each node is obtained from maps where
their 1limits are established., These limits may be topographic features or
arbitrary lines not unlike Thiessen polygon sides (see Fig. B-2). The areas
of each contour are planimetered within each polygon, including surface areas
of channels, and input in LATIS as tables of areas-versus-elevations assigned
to each node,
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The chamnel hydraulic characteristics are computed with an auxiliary
progrem: PRELATIS, which processes up to five cross-sections per link. These
cross-sections are input as tables of coordinates of up to 30 points with up
to 29 different values of Manning's n. The program then computes croso-
Sectional areas and conveyances for each cross-section and obtains represent-
ative areas and conveyances for the link by averaging the values obtained
for each cross-section at discrete elevations. These average values are
printed and punched in LATIS format. PRELATIS also computes the steady state
uniform flow corresponding to each link using the bottom slopes This feature
is useful to establish a plausible value of water surface elevation for
initial condition estimates. Pinally, PRELATIS may compute the volumes of
the link at each elevation, This is desirable when salinity studies are
coupled with a hydraulic study. In that case, LATIS may use volumes instead
of areas in the continuity equation of each link, The volumes are then computed
as the sum of one-half of each of the volumes computed for each link comnected
to the node at each elevation,

MATHEMATICAL MODEL OF THE BICOL SYSTEM

The model was constructed with 140 nodes generally of no more than 10
square km and 165 links with lengths ranging between 1500 and 5000 m, Figs,
B-2 and B-3 show respectively a map and a schematic representation of the model,
The links form a network which represents the physical channel network. Some
of the links fonllow the rivers and others represent possible overflow on the
flood plain, In this case, the links were agsumed following logical flow
patterns according to topographic features, such as natural relief, roads,
railroads, etce This required a good qualitative knowledge of the real system.

Two existing man-made cutoffs (Numbers 1 and 2) are also represented in
the model, The model has five pseudo nodes in San Miguel Bay where the tide
and surge conditions are input as identical time histories; or as a sinusoidal
function to represent low water conditions, The other boundary conditions are
hydrographs of discharges versus time input in the pseudo~-links. There are 49
such hydrographs, some of themrepresenting direct rainfall in the flood plain
and others tributary flows. The program admits transferring a hydrograph to
more than one link, whether multiplied or not by a constant factor. This
feature is useful to avoid needless repetition of input work, especially for
ungaged tributary flows, when they are estimated from similar unit-hydrographs,
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or in the case of direct rainfall contribution,

After several trials, it was concluded that the longest feasible time
interval for this system, is around 90 seconds. This /\t was adopted for
final calibration and production rums.

Typhoon Sening of 1970 and its attendant flood and surge were used for
calibration., The hydrological information was obtained from published records
and from an Asian Institute of Technology Report.

A model run of 100 hours of real time takes approximately 3.3 minutes of
CPU Uime, in an IBM 370/168 computer system.

CALIBRATION

Calibration was obtained by numerical experimentation, changing CALIB, the
configuration of some links, the area of some nodes, etc., until a satisfactory
agreement is obtained between computed and observed rules.

Figs. B-4, 5, 6, 7 and 8 are graphs of water surface elevations and times
for several stations of the system, It may be seen that the agreement between
recorded and computed elevations was satisfactory,

Figs B-4(A) shows the input tide at the mouth (Node 1, boundary condition)
ag established in the above mentioned report by the Asian Institute of Technology,
which shows the important surge produced by the Typhoon, Fig. B~4(B) shows the
derived tide at Balongay, Node 3, where the effects of the high fresh water
flows are already noticeable, It may be observed that the mean tide level is
raised for a longer time than at Node 1 and the tidal amplitude is substantially
decreased. In addition, the tidel curves show the usual lack of symretry in
tidal streams, where the ebb branch is longer than the flood branch in each tidal
cycle. No detailed records of these tides were obtained,

The model reproduced stage-discharge rating curves computed for the gaging
stations not subject to tidal fluctuations: especially Sto. Domingo and Cmbao,
on the Bicol, and Sabang on the Sipocote

The model showed that the important discharges of the Pawili River were
able to reverse temporarily the flow of the Bicol upstream at the junction, a
phenomenon that has been qualitatively observed during floods,

The final calibration Manning's coefficients for the river channels in the
model are given in Table B-1,
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TARIB B-1
FINAL CALIBRATION MANNING'S COEFFICIENTS

's
Rivex Reach Coefficient
Bicol Estuary 0,028
Bicol Estuary - Node 23 0,028
Bicol Node 23 - Node 26 0,028 =~ 0,037
Bicol Node 26 ~ Node 29 Ce037
Bicol Link 29 - 30 0,028
Bicol Node 30 - Iake Bato 0,037
Sipocot Estuary - Node T4 0,028
Sipocot Node 74 - Node 80 0,028 = 0,037

In addition to the flood simulation rvns, calibration was also made
using low fresh water inflow and a simusoidal tide at Node 1, The observed
lag for high water at Naga is 2 hours with respect to Balongay. This lag was
adequately reproduced by the model,

PRODUCTION RUES

In addition to the calibration runs, the model was used to study the
effects of several proposed flood comtrol measures and to compare the relative
merits of them,

These runs were made using the hydrological and tide inputs forx Typhoon
Sening, to obtain comparisons between the various cases and the calibration
run in the presence of a major flooding event, Therefore, the comparisons are
more reliable than if the model had been extrapolated to conditions other than
those used for calibration.

The maximm water surface elevations should be rounded to the nearest
tenth of a meter, as neither data nor computation accuracy warrant further
precision. Table B-2 provides figures to the nearest centimeter only for
comparison purposes,

The following schemes were simulated:

PR 1, Lake Bato Diversion. It was assumed that all the outflow of Lake
Bato was diverted to the Ragay Gulf, Reductions of maximm water surface ele-
vation with respect to the calibration run were obtained in the upper reaches
of the Bicol River, up to 2 meters at Santo Domingo. There was no appreciable
reduction at Naga City or in the Sipocot River,

PR 2, Lake Bato and Pulantuna Diversions, The outflow from Lake Bato
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was assumed diverted and, in addition, all the Pulantuma Reservoir outflow
was diverted to the San Miguel Bay, For the Bicol River, the reductions were
practically equal to those obtained in tke previous case. In addition, there
were substantial reductions in maximm water surface elevations at Sabang and
Sipocot in the Sipocot River,

PR 3o LZdal Barrier. A tidal barrier was simulated between Nodes 2 and
3, assuming that it would be closed when the San Miguel Bay water surface ele-
vation was higher than at Node 3, A reduction of 1.6 meters was obtained in
the estuary, but it decreased to about 0.1 m at Naga City, with a similar
reduction at Iibmanan, Fige B-9 shows the negligible effects of the barrier
upstream of Naga City.

PR 4. Diversion of 200 cms from Node 28 to Ragay Gulf, This diversion
was simulated with a new pseudo-link 28-51 where a discharge of -200 cms was
input,. Node 51 was not previously used in the network, The maximum water
surface elevations at Naga City and Ombao were reduced by 0.2 m and 0.3 m
respectively. Fig. B-10 shows the effects of this diversion on flood elevation
hydrographs at Nodes 18, 25, 29 and 33,

PR 5. Sipocot Diversion Channel. This channel was simulated itransposing
Node 51 of PR 4 to form a new link of 79~51 which was provided with a rating
curve. For this, uniform flow was assumed for a bottom width of 60 meters,
intake bottom elevation at 8.m MSL and a slope of 0.00077. A weir was assumed
in the river with crest elevation at 8 m MSL and a width of 100 m,

The Sipocot River elevations were reduced by 3 meters at Sipocot and

O0e3 m at Sabangs There was no appreciable reduction in the Bicol,

PR 6. Ragay Diversion with a 100-m wide side spillway., Node 51 was again
transposed to form Iink 28-51, which was provided with the rating curve of a
100-m wide spillway with crest elevation at 0,6 m.

The maximum elevation at Naga (Node 18) was reduced by 0.3 m, and at Ombao
by about 0,5 m,

PR 7o Cutoff No. 3 with bottom width of 20 m¢ This channel was similated
connecting Nodes 22 through 14 (See Figs. B-2 and B-3), No levees were assumed
in the system. The maximm water surface elevation at Naga (Node 18) was
reduced by about Oe1 m. The maximm reduction in water surface elevation (O.4m)
was calculated for Node 22, at the inception of the channel,

PR 8, Cutoff No 3 with bottom width of 10 m. The channel was again
similated connecting Nodes 22 through 14 (See Figs. B-2 and B-3). Levees were
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simlated along the left bank of the Bicol by removing links 21-41; 20-41;
19-112; 18=112; 17-111 and 16-111, which were introduced in the model to
simulate the overbank flows., The maximum water surface elevation at Raga
(Node 18) was increased by 0.1 m as a result of the presence of the levees.
The maximm decrease in water surface elevation (0.2) occurred at Node 22,

TR 9o Cutoff No. 3 with bottom width of 10 m, Levees on Left Bank,
lake Bato Diversion and Control Structure, Downstream of the Pawili. Since
the Pawili is responsible for substantial flooding, it was considered convenient
to similate a control structure that would reduce the peak discharges downstream
and would increase the storage effect of Lake Baao, enhancing bank flows through
Link 30-31. The structure, similated in Link 30-29, would consist of an ogee
weir with crest elevation at 5.0 m MSL, width of B = 25 apd a metric discharge
coefficient C = Q/(B H3/2) = 2,0, ILake Bato was assumed diverted with no out-
flow as in PR 1. As was expected, this device compensated for the effect of
the levees located on the left bank, which were simulated as in PR 8. The
maximm water surface elevation at Naga was prractically equal to that obtained
in the calibration run (only 0s05 m higher), but the duration of water surface
elevation above 2,5 meters was considerably reduced.

PR 10, Cutoff No. 3 with bottom width of 10 m, Levees on Left Bank,
Uncontrolled Lake Bato, and Control Structure Downsiream of the Pawili, This
scheme was equal to that of PR 9, except that Lake Bato was assumed uncantrolled
with no diversion simulation. The control structure in Link 30-29 was respon-
sible for compensating the effects of the levees, and the maximum water surface
elevation at Naga was practically unchanged with respect to calibration condi=-

tions. However, the duration of levels above 2.5 meters was considerably
reduced, Reductions of 0,2-0.4 m were computed for other nodes downstream of
the control structure such at 25 and 29,

On the other hand, elevations upstream of the comtrol structure were
increased although the levels of Lake Bato were not substantially altered with
respect to calibration conditions. Pig. B-11 shows the effects of configuration
for FR 10 through comparison of water surface elevation hydrographs for Nodes
18, 25, 29 and 33,

Summary of Results. Table B-2 shows a summary of maximum water surface
elevations for the whole system. It may be observed that the benefits would
be localized in the vicinity of the flood control schemes,

None of the flood control schemes produced important changes in maximm
water surface elevation at Naga City.
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TABLE B-2

COMPARISON OF MAXIMUM ELEVATIONS
(Typhoon Sening Flood and Surge)

IR 1 PR 2 PR 3 PR 4 PR 5 PR 6
Lake Bato & Diversion
Node Ieke Bato Pulantuna Tidal (200 cms) Sipocot Ragay Calibration

Location No. Diversion Diversions Barrier Ragay Diversion Diversion 1%

Balongay 3 3044 3643 1.84 3e44 3e44 3045 3.44
Cutoff No. 1 1 2.55 2452 1.99 2452 2.54 2451 2455
Naga 18 2. 94 2.93 2.86 2. 78 2e 96 2. 63 2.96
oﬂlba? 29 7003 7003 70 73 7. 40 7. 74 70 26 7.74
Sto. Domingo 33 Te67 T.67 9.83 9.80 9.83 9.78 9.83
Libmanan 69 3435 3425 3623 3435 331 3¢35 3435
Sipocot T7 12,41 3¢54 12,41 12.41 9451 12,41 12,42
Iake Bato 35 T.67 Te67 104,36 10.34 10,36 10,33 10,36

* Production runs 1 through 6 were made using calibration 1.
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Location

Balongay
Cutoff No. 1
Naga

Ombao

Sto. Domingo
Libmanan
Sipocot

Sabang
Iake Bato

TABLE B~2 (Cont.)

COMPARISON OF MAXIMUM ELEVATIONS
Typhoon Sening Flood and Surge

PR 7 IR 8
Node Cutoff No. 3 Cutoff No. 3
No. 20M wide 10M wide
3 3.44 3.44
11 2,62 2,67
18 2.87 3.05
29 7.65 T.62
33 9.88 9.88
69 3434 3633
77 12,41 12.42
79 13631 1331
35 10.35 10.35

** Production runs 7 through 10 were made using calibration 2.
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R 9 PR 10
Control Structure
Iink 30-29
3.44 3.44
2,65 2.65
3.00 3.02
6.68 T.44
8.36 10,21
3433 3633
12.41 12,41
13431 1331
8.36 10.44

Calibration
2% Final
3.44 3.44
2.67 2.56
2.95 2.96
T.62 T.74
9.88 9.83
3632 335
12.41 12,78
13.30 13,93
1035 10.36



The model printouts provide time histories of discharges at one-~hour or
two-hour intervals, Table B-3 shows a comparison of the maximum caomputed
discharges for several links of the model located in the vicinity of tbhe nodes
reported in Table B-2 and for the same schemes, including calibration. All
discharges are given to the nearest cubic meter per second only for comparison
purpose,

It may be seen that the maximum discharges at the mouth of the river are
one order of magnitude larger tham the discharges in Naga City.

The effects of the proposed diversions are also clearly evident from the
comparison of the schemes,

CONCLUSIONS

The mathematical model simulates hydraulic transient phenomena produced
by the propagation of floods and tides in the complex Bicol System both under
natural conditions extant in 1970, when- Typhoon Sening struck the Bicol
Peninsula,

Since all the proposed alternatives for flood control have been tested
under the same hydrologic conditions, the model provides an impartial tool to
ascertain their physical results. It may be seen that the flood control benefits
of diversions are in general modest, as they are localized to the vieinity of
the proposed projects.

The diversion canals would have effects on water surface elevations in
either river but only within reaches of, say 20 km downstream of the canal incep-
tions, and would not have important effects on the water surface elevations at
Naga City. This is to a large extent due to the contribution to flooding fram
the storm surge effects and the large conveyance available in the estuary,.

The control structure in Link 30-29 would have a beneficial effect in the
levels downstream of it, and would result in reductions in the duration of very
high levels in Naga,

It may also be seen that measures for flood alleviation in the Sipocot
River would have negligible effects on flood levels in the Bicol and vice-versa,

The tidal barrier would have a pronounced effect on the flood elevations
in the estuary and a much more modest one at sections located upstream of the
confluence of the Bicol and the Sipocot.
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TABLE B-3

COMPARISON OF MAXIMUM DISCHARGES §CLB2
Typhoon Sening Flood and Surge

PR 1 PR 2 PR 3 PR 4 PR 5 PR 6
Iake Bato & Ragay
Lake Bato Pulantuna Tidal Diversion Sipocot Ragay Calibration

Location link Diversion Diversions Barrier (200 ems) Diversion Diversion 1%

Balongay 3= 2 =7295%%* =7367 2588 =7295 =7329 =7346 =7295
Cutoff No. 1 11= 5 -1203 -1179 372 -1201 -1191 =-1191 =-1203
Bicol River 9~ 8 -1195 =1143 373 =1196 -1168 -1198 =-119§
Cutoff No. 2 14-12 - 277 - 259 181 - 277 - 232 - 27 - 277
Bicol River 14-13 420 420 450 420 468 339 454
Naga 18-17 522 525 533 440 555 353 553
Ombao 29-28 363 363 505 521 505 526 505
Sto. Damingo 3332 30 30 511 512 51 512 511
Ragay Diversion 51=-28 - - - - 200 - - 368 -
Ilibmanan T70-69 1594 230 1595 1595 1018 1591 1558
Sipocot T8=-T77 1840 75 1839 1840 1048 1840 1781
Sabang 8079 1886 9 1885 1886 2039 1886 1838
San Miguel Div. 79-51 - - - - 969 - -

* Production runs 1 through 6 were made using calibration 1 (HNew York),

¥¥* - sign means discharge from lower-numbered to higher-numbered node.
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Location

Balongay
Cutoff No. 1
Bicol River
Cutoff No, 2
Bicol River
Naga

Ombeao

Sto. Domingo
Ragay Diversion
Iibmanan
Sipocot

Sabang
San Miguel Diversion

3= 2
11- 5
9~ 8
14=-12
14-13
18-17
29-28
33-32
51-28
T70-69
T8=T7
80-79
79-51

TABLE B~3 (Cont,)

COMPARISON OF MAXTIMUM DISCHARGES QCHBQ
Typhoui: Sening Flood and Surge

PR 7
Cutoff
No. 3

20M

~T42g%x*
-1171
-1182
- 240
. 490
486
496
503
1588
1804
1850

PR 8
Cutorf
No. 3

10M

=-7399
-1176
-1166
- 177
470
567
489
503

1591
1803
1852

PR 9 PR 10
Control Structure
Link 30-29
~7404 -T404
=-1173 -
-1167 528
- 170 232

447 323
526 561
308 462

27 497
1586 1587
1801 1801
1850 1850

**  Production runs 7 through 10 were made using calibration 2 (Manila),

**¥* ~sign means discharge from lower-numbered to higher-numbered node,
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Calibration
2% Final
~7399 ~T7296
-~1176 ~1203
~1166 =1194
- 177 - 277
470 454
567 553
489 505
503 511
1591 1594
1803 1840
1852 1886
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APPENDIX C
WEATHER MODIFICATION

INTRODUCTION

Weather modification has advanced beyond the realm of science
fiction and magic and is used in many practical applications. Special-
ized knowledge of the latest weather modification theories and techniques
is expanding rapidly.

Experiments in weather modification in the Philippines through
programs by the Atmospheric, Geophysical and Astronomical Services
Administration (PAGASA) started in 1975 in Bohol and 1976 in Central
Luzon.

There are at least three types of weather modification programs:
fog dissipation, rainfall augmentation and tropical storm control. The
last two modes are of considerable interest in the development plans for
the Bicol Basin.

RAINFALL AUGMENTATION

The progress in techmniques to increase rainfall has been due to a
better understanding of the processes involved in rainfall development
and to techmological advances in aviation and cloud seeding equipment.

Clouds are composed of water droplets and for ice crystals formed
around microscopic particles of soil, smoke, dust, etc., which are called
condensation muclei. Ice nuclei also enhance condensation and freezing
of atmospheric moisture. These small, suspended droplets or ice crystals
must grow many times before precipitation occurs. In many cases, natural
rain does not occur even if enough moisture is available in the atmos-
phere, because of insufficient cloud dimemsions or sizes and concentra-
tions of cloud droplets and ice particles.

Precipitation enhancement is directly related to three basic aspects
of the precipitation process: formation and growth of ice crystals at
the expense of supercooled droplets; change in cloud dynamics due to
release of latent heat and increase of drop coalescence.

In tropical areas ice crystal growth may be impaired, as many clouds

are never colder than O°C.



Some clouds have a limited vertical growth, pecause a stable layer
lies above them. The vertical motion of the air due to a weather front,
or a mountain oarrier or thermal convection is not enough to break
through the stable layer. Under these conditions, the cloud is not
high enough to produce large amounts of precipitation. In such cases,
cloud seeding may be used to increase vertical motion in the cloud,
because of increased condensation of moisture arou.d the artificial
nuclei, which, in turn, releases latent heat and warms the air slightly
around the new droplets., If enough droplets can be formed and frozen
in a few minutes of enhanced vertical motion, the eir will acquire enough
energy to overcome the stable layer and the cloud will grow large enough
to form precipitatione.

Coalescence is the process by which liquid droplets grow larger
by merging. Larger droplets tend to trap the smaller ones, through
collision, because of different vertical velocities.

Hygroscopic agents can change the droplet size distribution when
released just below the base of the cloud because they absorb water as
they rise through the cloude In a few minutes they can grow much larger
than the average cloud droplet.

Clouds that are everywhere warmer than 0°C (warm clouds) apparently

depend entirely on coalescence for rainfall production.

TROPICAL CYCLONE CONTROL

Air circulation around the low pressure center of a cyclone is
counterclockwise in the northern hemisphere and, in addition, it pre-
sents a component toward the center produced by friction between air
and ground. Consequently, this weather system results in air convergence
in a spiral pattern at low levels which in turn produces a rise close
to the eye. This results in expamnsion and cooling, and saturation of
the moisture available at low elevations. Condensation ensues, which
releases latent heat to the atmosphere in large quantities and this
chimney mechanism is responsible for strong winds at ground elevation.

A way to modify the energy available to the cyclone would consist
of reducing the moisture in the area near the center of the storm which
would be partially accomplished by spreading a film over the ocean to

prevent evaporation. Unfortunately, this procedure is not possible under
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present state of the art., Other procedures such as cooling the air near
the center of the storm or modifying the divergence mechanisms at the
top of the storm do not appear practicable,

On the other hand, there is hope for some success with the use of
a technique that will modify the oonvective processes in the eye wall
and rain bands, through enhanced water vapor condensa%ion there. This
would produce a dynamic circulation such that the influx of energy and
momentum required to maintain the strength of the storm would be spread
over a larger area. This is the procedure used in the Storm Fury Project
of the U. S. Government, but the results so far obtained are not statis=

tically significant.

CLOUD SEEDING EQUIPMENT

Aircraft systems deliver silver iodide (AgI) through the use of
burners, flares and hoppers. Burners are used for seeding at cloud base
in updrafts. Pyrotechnic silver iodide flares are manufactured by a
number of companies in two types: dropping and trailing. The former
are used for vertical drops in clouds of over one kilometer in depth.
and are similar to flare pistol cartridges. Trailing flares are similar
to warning flares. Also aircraft disperse solid materials such as dry
ice, dry salt or urea from hoppers.

Ground-based equipment include spray burners and ultrasonic nebu-

lizer burners.

RESULTS OF WEATHER MODIFICATION PROGRAMS

The results of weather modification programs have been positive
both to increase the available knowledge on these techniques and to
obtain statistically significant increase in precipitation.

Successful cloud seeding requires natural conditions which might
be called marginally conducive to rain. Atmospheric moisture and cloud
formations must be such that relatively minor artificial inducement is
necessary. Therefore, the precipitation that follows a cloud seeding
operation might have occurred, at least in part, if no seeding had been
used,

Unbiased appraisals must be based on statistical methods to obtain
significant correlations between seeding and precipitation increases
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with respect to natural conditions.
A review of some cloud seeding programs follows.

Project” Skywater.

The U.S. Bureau of Reclamation has conducted systematic rainfall
augmentation programs since 1961 under the code name of Project Skywater.
Three pilot projects were active in 1971 in the Colorado River Basin,
in North Dakota and in the San Juan mountains in southwestern Colorado.
Seeding operations begain in the latter area during the winter season of
1970-1971, after several years of equipment installation and testing.
Seeding was extended over four winter seasons to obtain statistically
significant results. The area covered is about 8,500 sq. kme A network
of ground-based silver=iodide generators was arranged in such way that
any target area might be seeded 'to take advantage of the most favorable
events,

The North Dakota Project began operations in 1969 and was based on
silver-iodide releases from airborne generators. The program operations
were conducted in randomly selected days, during 75 percent of the project
season. During the remaining 25 percent of the days, there were no seed-
ing operations. Weather radars were used to monitor seedable clouds were
used after being selected within the above mentioned 75 percent. A net-
work of 88 raingages in the target area and 10 in the control areas is
used.

Table C-1 shows the average change in precipitation from seven
separate experiments in the United States. These results may not statis-
tically significant for widespread application because of scarcity of
available data. Therefore, the values should be considered qualitative

and preliminary.

Table C-1
AVERAGE PERCENT CHANGE IN PRECIPITATION FROM SEEDED STORMS
State Season % Change Remarks
California Winter +22 600-mb temperature, / -14°%¢, 2
seasons
California Winter up to +300 Convective bands; 4 seasons
Florida Summer +300 Single cumulus clouds
Montana Winter +100 600-mb temperature, / -20%; 2
seasons



Table C~1 (cont'.)
AVERAGE PERCENT CHANGE IN PRECIPITATION FROM SEEDED STORMS

Percent
State Season Change Remarks
New Mexico Winter +L4h 1 season
South Dakota Summer +10 2 seasons
Utah Winter up to +200 Cloud-top temperature, > -24°C;

2 seasons

Project Cold Rain

During the second half of 1970 and the beginning of 1971 rainfall
through most of south Texas was well below normel. By June 1971, many
Texans were experiencing the most severe drcught in decades. The Bureau
of Reclamation in collaboration with the Air Weather Service of the U.S.
Air Force conducted a program to seed clouds, in the southern portion
which had been selected for drought-relief operations. Two AWS WC~130
aircraft especially equipped to carry 208 nucleating pyrotechnic units
each were used to seed a 117,000 sq. kme area of south and east-central
Texas. Each pyrotechnic unit emitted 25 grams of silver iodide smoke
while burning through a free fall of 3 kilometers. Towering cumulus o
clouds of at least that depth have turrets topping in a temperature
range below freezing. When they have a hard cauliflower appearance,
they usually have large quantities of supercooled water and a youthful
stage in cloud life. These clouds were selected for seeding. Normally,
the aircraft penetrated the tutret near its top, within the -5°C and
-10°C isotherms. One pyrotechnic unit was released about every 200 m,
during the traverse of the active updraft portion of the cloud.

During 35 Cold Rain missions, with over 1000 seeding penetrations
into more than 250 cumulus clouds, more than 2500 pyrotechnic units were
released,

Results indicated that at least during 25% of the operating days,
beneficial localized increases in rainfall could be attributed to
seeding operations.

The synoptic scale meteorological pattern prevailing during the
latter half of June 1971 presented a considerable amount of convective

activity over the operating area. The natural precipitation in the area
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was considerably more important than any contribution that might have

been reasonably attributed to seeding Operationé. Thus, although the
experience gained from project Cold Rain indicates that dynamic cloud
seeding is effective in augmenting localized rainfall, it did not demon~
strate that it is an effective measure for alleviating drought conditions.

Cloud Seeding in Southern Puerto Rico

The annual precipitation in Southern Puerto Rico is usually consi=-
derably lower than that of the northern half of the island, as it depends
on convective orographic activity during the relatively infrequent south-
east trade winds. In 1964-1965, a severe drought occurred south of the
central mountains, with some stations reporting as little as 30 percent
of normal precipitation. An agency called Lluvia Artificial Incorporada
was formed including several large private concerns and government
agencies. Tne target area was the whole south coast of Puerto Rico from
Yabucoa to Mayagiéz,

A network of 23 silver-iodide smoke generators was used, within the
southern half of the island which is located at about 18° sorth latitude
and is 180 km. long from west to east and about 60 km. wide, from north
to south shores. Evaluation of results was ootained from 25 target rain-
gages, located in the same southern half of the island,

Seeding was performed during 47 days for a total of 2559 generator
hours.

Salt seeding was also done from aircraft flying at cloud vase in
areas uf updrafts. Part of this seeding was done dispersing brine with
a drop size of 30 microns and part through an airborne grinder dispersing
solid particles of similar size in the wing tip wakes.

Dispersal was at the rate of about Q.5 kg per km of flight. Salt
seeding was carried out on 35 days with a total time of 90 hours.

Natural data analyses showed that there was a strong association
between target area precipitation and the number of rainy days. This
association was used to obtain the average rajiufall per rainy day, called
specific raininess, aud was used to obtain estimates of the natural raine-
fall in the target area. Analysis of results of four days of operatiomns
showed an increase of about 63 mm with respect to the estimated natural
rainfall, a relative increase of about 13 percent. There is a strong
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possibility of statistical bias in the results, including the chance
that all this increase could have been due to natural causes anywaye
The sample of results was not large enough to prove the artificial

enhancement of precipitation beyond any doubt.

Cloud Seeding in Northern Puerto Rico.

This program was conducted in August-September of 1974 for the
Puerto Rico Aqueduct and Sewer Authority.

The target area was the 1300 sq. km. watershed of the Caguas Basin
tributary to the Carraizo Dam and reservoir serving the City of San Juan,

In late July 1974, the reservoir was down to Jjust over 35 percent
of its present available capacity, and it was decided to attempt cloud
seeding as a means to increase the inflow to the reservoir. A contract
was let for cloud seeding by airplane. Fifteen seeding flights were
undertaken for a total of about 23 hours, with a release of 25 pyrotech-
nic flares and about 1200 gm of silver iodide. These flights were
accomplished in August 1974. A control, non-seeded area was established
to obtain precipitation values used for comparison. This area showed
an average rainfall of about ?73% of the normal for August, while the
operation area showed an average rainfall of 127% of the normal for
August,

Since the results were optained through a single short term program,
they should only be used as indicative, until more information is obtained.

Weather Modification in India

Investigations on weather modification by cloud seeding were started
in India around 1957. Experimentg were made in the areas of Dehli, Agra,
and Jaipur in northern India.

Salt dispersal techniques were used, using ground-based generators.
The program included sceded and nop-seeded days and seeded and control
areas selected at random.

During one monsoon season, an aircraft was also used at Delhi for
seeding at heights of 1200 to 1500 meters. Pesitive results were obtained
as measured by statistical significance tests. Some results suggested
increases of about 40% in precipitation, but since all days with conti-
nuous natural precipitation were not used for seeding, this average may
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have been exaggerated by 100%. In general, Indian experience seems to
indicate that ground-based seeding of cumulus clouds results in
increases of 10 to 20 percent of the natural precipitation.

PRELIMINARY PLAN OF CLOUD SEEDING FOR THE BICOL BASIN

A feasibility study should be made to assess the effectiveness of
@ cloud seeding program in the Bicol Basin. Based on the experience
obtained in southern Puerto Rico, it appears that a network of about
25 ground-based burmers should be used. The raingage network should be
densified to a total of around 20 gagesy which should be properly instru-
mented to avoid biased observations.

The program could be complemented with aircraft seeding during days
of suitable cumulus turret formations and should be conducted at least
during 3 dry seasons to obtain enough statistical information for program
benelit-cost amalysis,

The program would involve an interagency cooperation, probably with
some expert assistance from individuals or companies specialized in

these techniques.

Ced
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APPENDIX D
SALINITY STUDIES

INTRODUCTION

This report presents the results of salinity intrusion studies com-
pleted to date. Recommendations are made for continuation of the field
investigations as part of the overall hydro-meteorological study program
during low flow periods in order to expand the data base. Conservative
conclusions are reached according to existing information, regarding

minimum freshwater inflows needed for control of salinity intrusion.

CONTROLLING FACTORS AND CLASSIFICATION OF SALINITY INTRUSION

Salinity intrusion occurs where rivers and sea intersect. The location
over which this intersection occurs is referred to as an estuary according
to the following definition: “An estuary is a semi-enclosed coastal body
of water which has a free connection with the open seas and within which
seawater is measurably diluted with freshwater derived from land drainage
(Cameron and Pritchard, 1963)".

Salinity intrusion has two dominant characteristics: form and extent
inland. The form of the salinity intrusion is varied. There can be sharp
salinity gradients both vertically and horimontally or gradual salinity
gradients both vertically and horizontally.

Generally, three forms of salinity intrusion are recognized and

classified as follows (Dyer):

le Highly stratified-salt wedge, i.e. with sharp horizontal and
vertical salinity gradients.

2. Partially mixed, i.e., with graduel horizontal and vertical
salinity gradients.

3« Vertically well mixed, i.e. with gradual horizontal salinity

gradient and no or very small vertical salinity gradient.

The Bicol River Basin estuaries are all relatively narrow and would not
have transverse gradients superimposed on the above schemes. These forms
are not steady state phenomena: they move with the tide and change due

to topographic effects,



Extent inland is the distance from the mouth of the estuary up to
the section where fresh water is encountered. In the following discuss=-
ions, all measurements of the extent of salinity intrusion are referred
to the mouth of the Bicol Estuary on San Miguel Bay.

The form of salinity intrusion is governed by the interaction of
topography, tidal ramnge, boundary salinity, freshwater inflow and to
a lesser extent, wind. Our analysis will be concerned only with low=-
flow conditions, which with the other effecis held constant, will cause
the maximum extent of salinity intrusion.

The interaction of these effects is complex, Identical tidal stages
and freshwater inflows will produce different salinity forms if the
boundary salinities differ. This results because the density of sea-
water is a function of temperature, salinity, and pressure. In an
estuary, pressure,and generally, temperature effects are small compared
with salinity effect on density; an increase in salinity results in an
increase in density. Thus, an estuary with a high salinity boundary will

tend to stratify more than if the same estuary had a lower salinity boundary

DESCRIPTION OF THE BICOL RIVER BASIN SYSTEM

The Bicol River Basin System consists of three interconnected estua=
ries, the Bicol Estuary, the Libmanan-Sipocot River, and the Bicol River
as shown on Fig. D=1, Each of the three estuaries is connected at
Kilometer 7 by a network of three channels delineated by stations 5=6e
9-8~13=5. Because of this configuration, the three estuaries were
studied together in order to determine their interactions.

San Miguel Bay serves as the boundary source of saltwater for the
Bicol Estuary while the head of the Bicol Estuary serves as the source
of saltwater for the Bicol and Libmanan-Sipocot rivers. The word salt=-
water is used to indicate water that is not entirely freshwater nor is
it oceanic saltwater; with salinities on the order of 35 ppt. (parts per
thousand). Measurements indicate that the salinity at the mouth of the
Bicol Estuary increased from 18 ppt. to 28 ppt. over the survey period
(March-May 1976). This indicates that S&a riiguel Bay salinity is not
surprisingly, affected by land runoff. Saan Miguel Bay could be
considered an estuary too.

During the wet season, salinity intrusion extent occurs only on the
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Bicol Estuary. A variety of combination of inflows on the Libmanan-
Sipocot and Bicol Rivers result in salinity intrusion on these estuaries
during the dry season. This study was directed toward obtaining inform-
ation about salinit; intrusion at low freshwater flow periods.

Table D-1 summarizes the pertinent physical factcrs that influence
galinity intrusion on the Bicol River Basin System. The variety of
ranges of tidal stages coupled with the interconnection at kilometer 7?7
complicates the determination of intrusion studies.

The cross section dimensions are typical values. Tidal prism values
were obtained by integration of low flow LATIS hodel studies. These
values of tidal prisme are on the same order of magnitude as the total
freshwater inflow integrated over a tidal period. The monthly variation
of spring and neap tidal stages affect both the form and extent of

salinity intrusion.

TABLE Dl
CHARACTERISTIC PARAMETERS, BICOL ESTUARIAL SYSTEM
Tidal Cross Freshwater giézi

Location Stage Section Flow (cms) 3 1 6

(Meters) (n” x 10")
Bicol Estuary O0.46-1.47 5 x 600 12
Bicol River 5x 80 *9 2l
Libmanan-Sipocot

River 5 x 120 *9

3-month low flow, (Appendix A.)

REVIEW OF HISTORICAL DATA

There are sporadic records of water guality measurements of the
streams and estuaries in the Basin. Table D=2 presents the data related
to salinity intrusion on the Bicol Estuary, Bicol River, and Libmanan-
Sipocot River.

Inspection of the water quality data indicates that salinity intrusion
occurs at least up to San Francisco on the Bicol River and at least up to
an unknown point on the Sipocot River between Plancha and the confluence

(see Table D-2). The extent of intrusion is inexact because there are no
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- TABLE D-2

COMPILATION OF HISTORICAL SALINITY DATA

Depth Integrated Samples Salinity PPT Discharge
Date Tide San Bicol Libmanan/
m Balongay Francisco Mabulo Plancha Poblacion cms Sipocot

19 Nov. 74 0500 0.18 0.17 0.15 O.14 0.18
0.94 0800 6.02 0.17 0.16 0.13 0.17
° 1100 0.97 0.16 0.17 0.16 0.16
1700 0.16 0.16 0.16 0.11 0.16
19 Dec. 74 0500 7.70 0.16 0.16 O.14 0.16
0.9% 1100 6.16 0.16 0.16 0.12 0.16
° 1400 d.20 0.16 0.16 0.12 0.16
1700 0.17 0.17 0.16 0.12 0.16
2l Jan. 75 0500 2.47 0.18 0,17 0.13 0.18
0.85 0800 7.02 0.17 0.17 0.12 0.17
° 1400 11.05% 2.5h4 0.17 O.13 0.17?
1700 3.50 0.18 0.17 O.12 0.19
13 Mar. 75 0800 26.00 7.80 0.24 0.2k 0,20
1.12 1100 14.30 2.80 0.22 0.17 0.23
* 1400 2.99 0.50 0.22 0.18 G: 21
1700 19.50 O.0% 0.22 0.17 0.22
1.15 1100 27.22 6.08 0.22 Ocl? 0.2
° 1400 8.48 2.83 0.27 0.15 0.2h
1700 5.66 1.17 0.28 Ooll 0.21

6 May 75 0500 22.62 5.66 0.18 C.15 0.19 27.0 64.9
0.99 0800 14,85 2.19 0.19 0.15 0.19
* 1100 14.14 0.36 0.19 0.15 0.19
1400 28.28 7.07 0.19 0.16 0.20

17 July 75 0500 3.93 0.20 0,20 O.17 0.24 Lz.1 107.0
0.87 0800 2.62 0.20 0.20 0.17 0.21
* 1100 16.17 0.20 0.20 0.17 0.24
1700 11l.09 0.20 0.20 0.18 0.20

20 Aug. 75 0500 28.28 0.20 0.18 1.29 0.18 67.5 82.1
1.21 0800 23.33 0.93 0.18 1.26 0.18
° 1100 7.28 0.91 0.17 0.19 0.18
1400 4.49 0.28 0.17 0.16 0.18
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data points in between the above stations.

The recorded salinity measurements represent vertically integrated
samples taken with a sediment type sampler. As a result, the form of
the salinity structure was not known at the beginning of these studies.

The water quality reccrds for the streams of the Basin were inspected
in order to determine typical freshwater conductivity levels and were
used to ascertain reports of salinity intrusion up to Naga City.

Conductivity was used as a measure of smlinity iu previous analysis
of these data by others. This interpretation may be misleading because
the conductivity measuremeunts at Naga City are due to elevated conduct-
ivities upstream rather than due to seawater intrusion.

The water quality records indicate that conductivity levels on the
Talisay River are higher than those found at Naga City for identical
seasons. No simultaneous data measurements could be found. Records
exist for both locations, but they are for different years. It is assumed
that the elevated conductivities on Talisay River are dilu%ed oy lower
conductivities from other rivers which in turn determine the conductivities
found at Naga City.

Water quality measurements for a number of streams in the Basin
indicate that elevated conductivities are found in streams originating
from carbonate rock areas and stream salinity is probably due to dissolved
calcium carbonate.

Thase stream salinities do not render the water unsuitable for irri-
gation because their sodium absorption ration (SAR) is low. On the other
hand, seawater is not suitable for irrigation because of its high SAR.

Evidently, typical salinities for the Bic,l River Basin streams are
on the order of 200 ppm (.20 ppt) and that the historical data shows that
no sea salinity intrusion has reached up to Naga City.

REVIEW OF A.I.T. SALINITY INTRUSION MODEL

The A.I.T. salinity intrusion model is patterned after a model
developed by the Federal Water Quality Administration (now EPA). The
FWQA model has been successfully used to model the San Francisco Baye
Delta System in the United States. The model is applicable only to
vertically homogeneous estuariess If it is applied to either partially

mixed or salt wedge estuaries, the resultes must be careIully interpreted,
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The inflow salinity selected for the studies of the AIT Report
#51, was 0.0 ppt in the vicinity of Ombao, The model was them calib-
rated with data from various sampling locations along the Bicol River.
Unfortunutely, it was assumed that the salinity data at Naga City resulted
from seawater intrusion and as noted elsewhere, it is due to upstream

sources. To model sea salinity intrusion alone, the boundary concentra-

tion should have been 0.0 ppt at Naga City

FIELD INVESTIGATIONS MADE FOR THIS REPORT

Introduction

A salinity intrusion field study was initiated because the exist=
ing data consisted of vertically averaged point samples taken at widely
spread locations (Table D-2) and the form and extent of salinity
intrusion could not be determined with this data. The field study was
designed to obtain 4l data required for correlating freshwater discharge
with intrusion. Spring and neap tide conditions were selected in order
to ascertain the effect of tidal range on salinity intrusion.

Knowledge of the relationship between salinity intrusion, fresh-
water inflow, and tidal stage is of obvious importance. Increased
extent of salinity intrusion will compromise sources of irrigation water
and alter existing sedimentation regimen. Impacts of proposed hydraulic
structures on salinity intrusion may be assessed from these data.

In this section, a detailed hydrographic survey methodology is
presented together with oceanographic field and data reduction techniques.
The results of all recent field surveys are also included.

Methodology

The locations of hydrographic survey stations were selected to
determine the form and extent of salinity intrusion on the Bicol Estuary,
the Bicol River, and the Libmanan-Sipocot River. Because of the size
of the survey area and limited boat capability, only one section coutd
be traversed on & given day. At each hydrographic station the temperature
and conductivity were determined as a function of depth and at a particular
time (generally high water slack) during a tidal cycle.

Tidal predictions of time of occurrence of high and low tides for
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Cabgan Island, San Miguel Bay were made with the use of "Tide and Current
Tables, Philippines 1976" beiore scheduling a survey. These predictions
are indicative of the time of occurrence of high and low tides at
Balongry, Calabanga. The surveys were scheduled to coincide with the
occurrence of spring and neap tides each month.

For each tidal hydrographic survey, besides temperature-conducti.-
vity-depth measurements, secchi-disc and current measurements for
determining turbidity and velocily were occasionally made. Observationc
of tidal stage at Balongay, Mabulo, and Plancha were taken at ten-minuie
intervals over the survey period to determine stage-versus-time. Fresch-
water inflow was determined upstream of tidal effects on the Bicol River
at Ombao and on the Libmanan-Sipocot River at Sabang.

It should be emphasized that other potential aources or sinks of
freshwater downstream of Ombao were not accounted for in these measure-
ments. These sources and sinks might include groundwater recharge-~
groundwater inflow and irrigaticn excess - irrigation pumping. At the
time of this study these data were unobtainable,

The raw field data of temperature and conductivity were converted
into salinity. Salinity is defined as "the total amount of solid
material in grams contained in one kilogram of seawater when all the
carbonate has been converted to oxide, the bromide and iodine replaced
by chlorine and all organic matter oxidized.," It is usually given in
ppt or ppm (parts per thousand or per million) as a weight-to-weight
ratios In oceanic water, where all the major ions have practically the
same ratio to one arother, regardless of salinity, electrical conductivity
is used to determine salinity rather than chemical analysise The formula
used for converting conductivity into salinity has been derived empirically
by UNESCO from actual field samples of oceanic water. In estuaries,
seawater is diluted by river water and, as a consequence, the ratios
between the major ions differ from those found in oceanic seawater. This
dilution lessens the accuracy of the UNESCO formulas for the determination
of salinity in estuaries via conductivity, but their use is an accepted
procedure used by estuarine researchers because the loss of accuracy is
generally on the same order of magnitude as the accuracy of the measuring
instrument.

The procedure adopted for converting conductivity into salinity is
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based on the recommendations from the Joint Panel on Oceanographic
Tables and Standards (UNESCO) for determining salinity:
Given a data pair of temperature (¢°C) and conductivity (C umbos/
cm) from a field data sheet, the following procedure is used:
l. Determine the conductivity (D) of a water sample whose
ealinity is 35000 ppm and temperature is identical with the
data temperature, (U.S. Navy Oceanographic Handbook):

D = 1038.46 t £ 27046.1
2. Calculate the conductivity ratio (Rt)' This is the ratio
of C/D = Rt.
3¢ Determine whether the computed ratio Rt is greater or less
than 0.1. If Rt> O.1 skip this step and proceed to step 5.
It Rt<:O.l the observed conductivity ratio Rt is converted
into 81500 by the following formula:

R, =R, £ 1o"5xt (R, = 1)(t = 15)(96.7 = 72.0 R,)

t
# 3743 B, = (0.63 £ 0.21 R,)(¢-15)

ke Salinity in ppt is then given by the following formula:
S ppt = - 0.08996 £ 28,2972 £ 12.80832 R215

- 10.67869 R153 £ 5.,98624 R15h - 1.32311 R155

5 If Rt>-0.l, a table derived from the above formulas is usede

An H-P 65 calculator has been programmed at the Project Office to reduce
the above datae

After the conductivity measurements have been converted into salinity,
the data are interpreted. Interpretation of salinity intrusion can best
be illustrated by means of salinity profiles. Salinity versus depth
plots are prepared for a group of stations at high water slack. From
these plots stratification characteristics can be observed and horizontal
salinity profiles along the axis of the estuary prepared. This salinity
profiles present isohalines (lines of equal salinity concentration)
which give a pictorial representation of salinity intxusion form and
extent.

Once these data have been reduced, additional techniques of
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presentation can be used. One such techmique is the use of correlation
between certain parameters (e.g. discharge-intrusion extent). Two
objectives of a correlation are either to obtain an easily interpreted
representation of the data or to use the cofrelation to predict the
changes of salinity intrusion that would result from a variation of one
of the parameters.

Because of the complex interaction of tidal range, freshwater
inflow, and river configuration, a variety of correlations between these
parameters is possible. This study was limited to the establishment of
correlations between intrusion and tidal stage at Cabgan Island and
intrusion in the Bicol versus freshwater inflow from the Bicol River.
Other correlations were attempted but because of a lack of data, they
were not conclusive,

The validity of a correlation increases with the available number
of data points; therefore, since the recent survey results represent a
total of 15 individual data points for the Bicol and Libmanan«Sipocot
Rivers, which is not a large sample, it is recommended that additional
measurements be obtained in the future.

Despite the short period of record, a valid preliminary correlation
of freshwater inflow on the Bicol River versus intrusion was obtained
along with a correlation of tidal stage versus intrusion. The correl-
ations are presented with restrictions on their use. This is necessary
because a correlation represents a combination of parameters for a
specific situation. For example the intrusion correlation is valid only

for distances upstream of the head of Cutoff No. One.

Surveys and Results

Table D-3 summarizes the intrusion data gathered from the recent
salinity surveys. These data are used for the correlations presented
at the end of this section. Descriptions of individual surveys follow
below. Comments pertaining to the Libmanan-Sipocot River intrusion are
not made because the discharge measurements may be erroneous. The gage
at Sabang has been recently repaired and the gage zero is unknowne
When these discharges are obtained, a similar analysis can be made for

the Libmanan=-Sipocot River.
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TAELE D=3

SALTWATER INTRUSION STUDY-SUMMARY OF SURVEYS TO DATE

LengthJ/
Intrusion
Date Area o Tidal Range (m) 3 « (Bicol) Q(iipocot) (lem) .
Surveyed of 53?131 Cabgan Island Stage M“/sec Stage Zsec. 100 PPM

12 Haro 76 Balongay Fixed 0096 3.15 35.6 “'081 218.8 -
17 Mar. 76 Bicol R. HWS-SP 1.35 3.01 30.4 4,50 138.5 14.00
16 Mar. 76 Bicol E. HWS-SP 1.28 3.05 31.9 4,52 1k2.3 10.35
25 Mar. 76 Bicol R. HWS-NP 0.76 2.61 18.3 b.47 133.4 13,70

6 Apr. 76 Bicol E. HWS-NP 0.92 2.7k 22.2 L. 40 121.0 8.90

6 Apr. 76 Bicol E. LWS-NP 0.50 2.74 22.2 k.40 121.0 3.60

7 Apr. 76 Bicol R. HWS-NP 0.83 2.74 22.2 L.56 149.4 11.7%
12 Apr. 76 Bicol R. HWS=8P 1.18 2.60 18.0 4,30 103.3 16.20
13 Apr. 76 Bicol R. HWS-SP 1.34 2.59 17.9 k.30 103.3 17.95
22 Apr. 76 Bicol E. HWS-NP 0.75 2.48 16.2 k.23 90.8 11.30
23 Apr. 76 Bicol R. HWS=NP 0.74 2.48 16.2 b, 2% 9l b 18.20

1 May 76 Bicol R. HWS-SP 1.20 250 16.5 4,26 96.2 19.3

8 May 76 Bicol R. HWS=NP 0.89 2.54 17.1 L,25 94k 17.1
15 May 76 Bicol E. BWS-SP 1.47 2.59 17.9 L. .40 121.0 17.0
Bicol R. = Bicol River
Bicol E. = Bicol Estuary
HWS = High Water Slack 1/ Measured from Kilometer 04000 at the mouth
LWS = Low Water Slack of the Bicol Estuarye
SP = Spring Tide
NP = Neap Tide

D=10



September 26, 1975 Survey: A preliminary field testing of the temperature
conductivity probe was made on this date. The measurements showed that

the salinity wedge was excluded from the estuary under the existing

flow conditions. Subsequent to this investigation, it was diascovered
that the conductivity probe had leaked and was rendered inoperative. It
is felt however, that the measurements obtained in September are valid
and useful for the correlation of intrusion versus freshwater discharge
on the Bicol Estuary. The flows on the Bicol River and Libmanan-Sipocot
River were respectively 38 cms and 142 cms. The tidal stage at Cabgan
Island wvas 1,16 m. Celdwell's estimate of 640 cms required to exclude
the salt wedge from the estuary compares unfavorably with these measure-

ments.

October, November, December 1975 Surveys: During these mcnths the
conductivity probe malfunctioned and no salinity data wer: obtained.
Tidal stage and Secchi disc data were obtained. The latter is presented
in Table D-4,

Tidal stage data for these months show that high tide at Naga
generally occurs two hours after high tide at Balongay and high tide
at Plancha generally occurs 1=1/2 hours after high tide at Balongay.
High tide at Balongay generally occurred 10 minutes after predicted high
tide at Cabgan Island.

While no definite correlation can be observed from Secchi disc

measurements, there is a trend for the relative turbidity to increase
with location upstream. This increase is expected because the suapended
sediment load tends to fall out of suspension or be diluted by seawater

when travelling toward the mouth,

March 12, 1976 Tidal Current Survey: Temperature, salinity, tidal current

and stage were determined cn a flood tide at Station 2, Fige D=1. Time

history plots of the data are presented in Figs. D-2 and D=3,

These data indicate that the Bicol Estuary has a mixed standing
wave=-progressive wave tidal hydraulic form. This fact implies that high
water slack conditions occur very near the time of high tide stage: a
phase lag of 20 minutes is observed between the occurrence of high water

slack and high tide stage. At high water slack the estuary at Station 2
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Date

8 Oct., 75
S Octe. 75
10 Oct. 75
Nov. 75
Nov. 75
Mov. 75
2 Dec. 75
16 Mar. 76
17 Mar. 76

oo 3 O

=

l.22

0.30

0.30
C.75

See Fig. D-1

TABLE D=4

SECCHI-DISC MEASUREMENT (m) HIGH WATER SLACK

S8tation®*
2 L 2

n
[
K
joo

0476 0.76 0.76 0.51 0.30 0.30

0.23 0.23 0.30
O.46 0.30 0.30 0.30 .30 0.30
0430 0.k6 0.53

0.30 0.15 0.15 0.15 0.23 0.15

0.25 0.25 0.30 0.20  0.25
0.40 0.40 0.30

D=12
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TABLE D=k (cont.)

SECCHI-DISC MEASUREMENT (m) HIGHE WATER SLACK

Date . Station®*
10 il 12 i3 1k 1> 16 1?7 18

8 Oct. 75

9 Oct. 75 0.23 0.30 0.46 0.30 0.46 0.46
10 Octe 75 0.46 0.46 0.46

6 Nov. 75

7 Nov. 75 0.61 0.61 0.76

8 Nov. 75 0.46 0.53 0.53 0.53 0.53 0.53
2 Dec. 75 ’

16 Mar. 76 0.40 0.20 0.20

17 Mar. 76 0.20 0.25 0.20 0.25
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is partially mixed-vertically well mixed. The temperature is uniform
with depth.

The salinity versus time plot shows the well established fact that
tidal flow in partéally mixed estuaries changes direction earlier at
the bottom layer than at the top layer. This is due to density differ~
ences between freshwater and saltwater and is called gravitational
circulation. This circulation is manifested by the increase of salinity
at 3 meters depth, 2 to 3 hours before an increase occurred at the
surface. Phenomena of this type increase the flushing time of the
estuary and thus the capacity of the estuary to assimulate waste loads.

Sedimentation is also affected by this gravitational circulation
pattern. The landward bottom current tends to deposit sediment in the
"estuary. With relatively stable saltwedge the deposition forms at a
nodal point. In partially mixed-vertically well mixed estuaries, the

sediment is more evenly distributed over the estuary.

High Water Slack Surveys, March 16, 17, 1976t The surveys conducted on
these dates covered the Bicol Estuary and Bicol River. It was unnecessary

to survey the Libmanan-Sipocot River because intrusion only occurred on
the Bicol. Estuary. Spring tide occured on these dates with a stage
elevation of 1.28 and 1.35 m, respectively, at Cabgan Island.

Both salinity profiles (Figs. Dia and D7b) show that the form of
salinity intrusion is a function of location. The estuary proper
(Stations 1-7, excluding Station 5 which is at the entrance to Cutoff
No. 1) exhibits a partially mixed=vertically well mixed aspect. Cutoff
Nos 1 was partially mixed at Station 5 on March 16, while on March 16,
Statior 13, located at the other end of Cutoff No. 1, was partially
mixed. The surface salinity at Station 13 was lower than the salinity
found upstream at Station 14. This lower salinity surface water results
from a back flow of the Bicol River into Cutoff Noe 1 The natural
channel of the Bicol River joins the Libmanan-Sipocot River at Station 8.

A low flow computer model study was performed with LATIS to evaluate
this circulation pattern. The results indicate that at the start of ebb
tide, all the Bicol River flows toward Cutoff No. 1. As ebb progresses,
the flow of the Bicol goes down Cutoff No. 1 and along the natural bed
of the Bicol River. Integration of the flows over one tidal cycle shows
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that the net flow is toward the junction of the Libmanan~Sipocot River
and the Bicol River. This result is important because it shows that the
Libmanan River has little effect on intrusion in the Bicol River.

It is apparent that the salinity intrusion extended up to Kilometer
14 on the Bicol River and Kilometer 10.4 on the Bicol Estuary, and did
not enter the Liomanan River,

High Water Slack Survey .- March 25, 1976: The neap tide survey was
conducted with a tidal stage of 0.76 m at Cabgan Island (Fig. D-8a).
Compared to the March 17 spring tide survey, it is apparent that the

form of intrusion was altered. The March 25 survey shows that salinity
intrusion extent was similar tec that of the March 17 survey but it was
more stratified., The freshwater discharges were respectively 30.4, 18.3
cms and the tidal stages were 1.35 and 0.76 me It is apparent that the
difference of freshwater discharge was offset by the change in tidal

stage.

High and Low Water Slack Surveys = April 6, 7, 1976: The survey on the
first day covered the Bicol Estuary where both high and low water slack

salinity measurements were made (Figs. D-4b, D~5a). The predicted low
and high water slack survey started at 0910 and ended at 1024, High water
intrusion reached Kilometer 8.9. The low water slack measurements

started at 1605 and finished at 1634; the intrusion reached up to Kilo=-
meter *.6.

Tae form of high water slack intrusion is partially mixed=verti=-
cally well mixed. On low water slack, the form is vertically well
mixed with the effects of salinity intrusion practically excluded from
the estvarye.

The exclusion of the salt intrusion front at low water slack tide
is important because it shows that the Bicol River Basin System does uot
suffer from "memory" effects from previous tidal cycles, and it should
be possible to contrnl effectively the nature of salinity intrusion in
the estuary.

On the second day, the survey was conducted on the Bicol River
(Tig. D=8b). Tidal stage at Cabgan Island was slightly higher tham on

the previous day with an elevation of 0.83 m. Intrusion extent reached
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Kilometer 11.75. The form of saliuity intrusion on this day tended
toward partially mixed.

High Water Slack Surveys of April 12, i3, 1976: Particular attention was
accorded to the Bicol River on these two successive days in order to
note the effects of tidal stage on intrusion (Figs. D-9a and D-9b). The
tidal stage was 1,18 on April 12, and 1.34 on April 13. Freshwater

discharge on the Bicol River was practically ident: :al on each day at
18 cms. The increase in tidal stage 0fe16 m accounted for an increased
intrusion a2xtent of 1.8 m.

The form of salinity intrusion was vertically well mixed for both
cases. It esppears that in general, the spring tide intrusion forms tend
toward vertically well mixed while the neap tides tend to be more stra-
tified,

High Water Slack Surveys of April 22, 23, 1976: These neap tide surveys

were undertaken with the lowest freshwater inflows to date: 16.2 cms

(Figs. D=5b, D=-10a). Tidal stages were 0.75 m and 0.7k m, respectivelye.

The intrusion forms tended to be partially mixed-vertically well mixeds

which supports a general trend that had been observed in previous surveys.
Intrusion on the Bicol Estuary reached to 11.3 Kilometers and 18.2

Kilometers on the Bicol River.

High Water Slack Surveys of April 30, and May 1, 1976: These spring
tides have followed the general trend noted earlier of vertically well
mixed forms (Figs. D-6a, D=10b). The intrusion extended to Kilometer

15,65 on the Bicol Estuary-Libmanan=Sipocot River and Kilometer 19.3 on
the Bicol River.

Station 13 2xhibited the occurrence of freshwater in the surface
layer. The source of this water is the Bicol River which back flows
down Cutoff No. 1 before it reverses to its normal downstream flow
toward the junction with the Libmanan-Sipocot River,

High Water Slack Surveys of May 7, 8, 1976: The strongest stratification

to date was noticed in these two neap tide surveys (Figs. D-6b, D-11a).

This resulted from the general increase in boundary salinity which is
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apparent from comparison with the earlier surveys. The intrusion extent
on the Bicol River, is still a functior of freshwater discharge.
Intrusion on the Bicol River was 17.1 Kilometers and 14.5 Kilometers

on the Libmanan-Sipocot River.

CORRELATIONS

As mentioned in the Section on "Methodology", & variety of correl-
ations can be made between river discharges and intrusion extent to
predict the minimum freshwater discharge needed to control salinity
intrusion. Deriving these correlations is difficult because of the
complicated combinations of tidal stage, freshwater discharges, channel
configuration, and boundary salinity conditions that exist for the Bicol
network, Extreme care must be observed on data interpretation to insure
that similar situations are compared and used for predictions.

Our analysis allowed a derivation of correlations between tidal
stage and intrusion and freshwater discharge and intrusion on the Bicol
River. Data were not sufficient to obtain a similar correlation for the
Libmanan-Sipocot River, i

Fige D=-12 shows the dependence of intrusion on predicted tidal stage
at Cabgan Island for two different discharges. The tidal stage at Cabgan
Island was chosen for this correlation because it is a physical parameter
that can be predicted from the tide tables. The lines are eye-fitted
to the data points and correspond to discharges of 1G.3 and 18.0 cms.

The trend of these lines indicates that the higher the discharge, the
more dependent intrusion is on tidal stage. This means that the further
salinity mcves upstream, due to less freshwater discharge, the less
effect a change in tidal stage will have on intrusion extent. From the
viewpoint of available irrigation water, this fact is important because
it indicates that, for a given maintained freshwater inflow, irrigation
diversion at a given location may meed to be adjusted for the variation
between spring and neapttides.

Fig. D=13 presents the correlation: natural logarithm of intrusion
versus freshwater diascharge on the Bicol River. Points 2, 3, 6, 8 and
the location of Bo. Panoypoyah, Bula, Camarines Sur, where the river
bottom goes 1 m above mean sea level, are used to draw the correlation

line for a stage of 0.74% to 0.84 m. The followimg equation relating
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discharge to intrusion for this tidal stage was obtained:

I = ¢{=07165Q + 4.05) 0SQS 24,7 cms

This correlation is limited to the head of Cutoff No. 1. This is neces-
sary because the junction of the Bicol River and Cutoif No, 1 marks a
change in river geometry which may affect the correlation.

A similer correlation can be synthesized for a spring tide of 1.47
me. By use of Figs D-12, the intrusion . ' a 1.47 m spring tide (the
highest predicted tide for 1976) can be dtained fur discharges of 16.3
and 18 cms. These two points are denoted along with the lowest neap
tide correlation points on Fig. D=13, Connecting these points gives the
following equation of intrusion for thio tidal stage:

I = e(=e06278Q + 4.05); 0% Q< 18 cme

I - e(..01944(2 + 3-2?); 18 & Q'S 30 cms

It should be recognized that these relationships are tentative and were
derived in order to give some indication of the effect of tidal stage
on intrusion, which has been demonstrated in Fig. D=12,

In deriving thene correlations, it was assumed that the effects of
the Libmanan-Sipocot River were minimal on the Bicol River. As indicated
before, preliminary low flow hydraulic computer model runs have indicatead
that this is the case. The net flow between the Bicol and the Libmanane
Sipocot Rivers along the Bicol River bed west of Cutoff No. 1, is almost
zero, thus indicating no interaction between the two rivers.

Also, reviev of the data indicates that the slow change in the
boundary salinity of the Bicol Estuary is not related to the extent of
salinity intrusion. The dry season is of short duration and the increase
of San Miguel salinity over the dry season period probably will have
little effect on salinity intrusion extent. This change in boundary
salinity appears, however, to alter the form of salinity intrusion from
vertically well mixed to partially mixed.

SUMMARY AND CONCLUSIONS

1o The length of neap tide salinity intrusion (tidal stage = 0.74
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~0.84 m) at high water slack conditions may be given by the preliminary
formula:
I = {70765 Q + 4.05) 0< Q< 247 cms
2. The length of spring tide salinity intrusion (tidal stage
1.47 m) at high water slack conditions is tentatively given by the
preliminary formulas:
I-= e(-'06278 Q + 4.05) 0$Q< 18 cme

Ia e(-.019#h Q + 3,27) 18<Q £ 30 cms

3¢ It is recommended that additional low~-flow salinity intrusion
studies be conducted in order to improve the accuracy of the above
formulas, Additional surveys should be conducted at times other than
maximum spring or neap tide conditions. A series of measurements every
other day should be done to get a true indication of tidal stage effeci.

on intrusion for constant freshwater discharge.

k. Preliminary review of low-flow computer model studies of the
Bicol River Basin System indicates that the Libmanan-Sipocot River flow
does not affect the salinity intrusion on the Bicol River. Attempts at
obtaining a correlation between the Libmanan=-Sipocot River flow and

intrusion on the Bicol River failed.

5e¢ The form of salinity intrusion on the Bicol River Basin System
furing the dry season tends to be vertically well mixed to partially
mixed and to be alterered by location and tidal stage.

6. From March 12, 1976 until May 15, 1976, the boundary salinity
at the Bicol Estuary mouth increased from 18 ppt to 28 ppt. The increase
was not uniform because of variations of tidal stage; however, review
of Figs. D=lka to D-11a shows this definite trend. This trend is pro-
bably due to an increase in salinity of San Migusl Bay resulting from

the progression of the dry season.

7. The foerm of salinity intrusion was strongly coupled to tidal
stage. More stratification occurred with neap tides than with spring
tides. This results from the fact that the larger the tidal stage, the

more tidal energy is avgilable for mixing.
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8. The extent of salinity intrusion was not affected by the increase
in the boundary salinity; however, it appears that the salinity form
tended to be more stratified,

9. It was observed during the March 12, 1976 survey that a gra-
vitational circulation pattern exists for the Bicol Estuary. This
circulation pattern will increase flushing time of the estuary and should
be acknowledged in any future calculations pertaining to pollution analysis.

10. Tidal stage measurements show that the predicted tides for Cabgan
Island given in the "Tide and Current Tables ~ Philippines 1976" occur
generally 10 minutes earlier thamn at Balongay. Current measurements
coupled with tidal stage measurements show the Bicol Estuary to have a
mixed standing wave-progressive tidal wave hydraulic form. Preliminary

low-flow hydraulic computer model studies support this observation.

11. The preliminary intrusion formulas giveu. im 1, 2 can be used to
predict the cousequences of changes in discharge on salinity intrusion
for given tidal stage cond: tions. Predicted tide tables can be used to
formulate operational rules for irrigation diversions during the dry

geason.

12, Water balance studies of possible sinks or sources of freshe
water in the Bicol and Libmanan-Sipocot Rivers should be completed to
determine their significance on total flow &nd their effects on salirity

intrusion.
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APPENDIX E
SEDIMENTATION STUDIES

RIVER TRANSPOR?

Sediment Transport in Rivers of the Bicol Basin

Sediment samples have been collected from various streams in the Bagin since
1964. The program should be continued to obtain statistically significant data
for a number of stations, In addition, the river discharges corresponding to
some samples were not recorded. Table E-1 presents a summary of the available
information on sediment samples and their analyses.

TABLE E-1
LIST OF STATIONS WITH SEDIMENT TRANSPORT DATA

River and Location Period of Record
Bicol, Ombao, Bula 1975
Culacling, Del Rosario, Lupi 1975
Pawili, Bula, Cam, Sur 1975
ILibmanan, Plancha, Cam, Sur 1975
Pulantuna, Napolidan, Lupi, Cam. Sur 1975
Quinale, Busac, Cam, Sur 1975
Sabang, Sabang, Sipocot 1975
Bicol, Sto. Domingo, Nabua 1968-1975 (Discontinuous
Talisay, Aliang, lLigao, Albay 1967=1975 (Discoutinuous
Yabo, Yabo, Sipocot, Cam. Sur 1964~-1975 (Discontinmuous

The data for the Bicol at Sto. Domingo, Talisey at Aliang and Yabo at Yabo,
were sufficient to obtain some preliminary conclusions on the annual sediment
yield for these streams, Figs. E-1, 2 and 3 are log~log plots of the computed
sediment transport in tons/day and the recorded discharges. Although much more
information is required to confirm the accuracy of these plots, the trends are
evident and allowed visual fitting of straight lines, which are considered
tentative and for the sole purpose of this preliminary feasibility report.

To estimate the annual load, an integration should be made based on the
daily discharges for each station, since the relationship between sediment
transport and discharge is not linear. However, sample errors are probably
very important, and it was decided to use mean monthly discharges instead of
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refining the computations beyond the accuracy of the data,
Adding the mean monthly sediment loads thus computed, the values provided
by Table E-2 were obtalned,

TAELE E=-2

PRELIMINARY ESTIMATES OF ANNUAL SEDIMENT LOADS AND YIELDS

Drainage Area Anmual Ioad Anmual VolumeX#¥*

River, Station 8g, kme tons/sq.km, nJ/sq X,
Bicol, Sto. Domingo* 905 190 160
Talisay, Aliang*¥* 90 590 490
Yebo, Sipocot¥*** 85 980 820

* Mean monthly discharges, 1946=74 with interruptions,
*¥ Mean monthly discharges for 1965, Discharges for following years decrease
considerably, probably due to diversions,
6% Mean monthly discharges for 1971,
Bk Agsuming a8 lake deposit specific weight of 1.2 ton/cu.n,

Sediment Yields for Other Rivers in Luszon

Information provided in April 1976 by the National Irrigation Authority on
sediment yields is provided in Table E=3,

TABLE E-3
ANNUAL SEDIMERT YIELDS FOR RIVERS IN LUZON

Drainage Area Yield

Rivers and locations 95qe ki, n3[z.r_:_. 89 ¢k, Record
Ibulao, Hapid, lamut, Ifugao 606 292 1972-1973
Siffu, Muiioz, Roxas, Isabela 686 292 1965-1970
Chico, Pasonglao, Tabuk 1,987 580 1963-1970
Bokod, Bokod, Benguet 48 274 1963-1969
Ambayoan, Sta, Maria, San Nicolas,

Pangasinan 281 379 1963=1971
Agno, Carmen Rosales, Pangasinan 2,209 38 1964-1971
Camiling, Nambalan, Mayantoc, Tarlac 142 131 1963-~1969
Pila, Pacalay, Mangatarem 126 3 1963-1971
Purac, Valdez, Floridablanca,

Pampanga 118 669 1963=1971
Santor, Cuyago, Gabaldon, Nueva Ecija 89 15 19651972
Cabu, Cabu, Babaratnan, Nueva Ecija 143 204 1963-1972
Pampanga, San Antonio, San Leonardo,

Nueva Ecija 2,851 798 1963-1972

~over-

E~2
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TAELE B-3 (CONE.)
ANNUAL SEDIMEN? YIELDS FOR RIVERS IN LUZON

Drainage Area 3 Yield
Rivers and Locations Bd. Jm, m'/yr. sq.dm  Record
Pampanga, San Vicente, Cabiao,
Kueva Ecija 54467 441 1963=-1972
Rio Chico, Sto. Rosario, Zaragoza,
Nueva E~xija 1,177 167 1963=-1972
Pampanga, sSan Agustin, Areyat,
Pampanga 64487 317 1963-19T1

Comparisons
Tables E-2 and E-3 show that the loads estimated for the Bicol System are

within the magnitude of those estimated for other basins in Luzon.

The load at Sto, Domingo is comparable to that of the Rio Chico at Sto.
Rosario, San Leonardo, Kueva Ecija, with similar tributary area. The load in
the Talisay is about three times larger than that at Sto. Domingo, which was
expected both because its area is much smaller and steeper and because of the
settling effect of Lake Bato and its swamps and deltas.

The load in the Yabo is higher than that for the Talisay, which appears
reasonable since the discharges of the former are larger.

LAKE BATO SEDIMENTATION

Trap Efficiency

The area tributary to Lake Bato is 874 sq. km, The volume of the lake of
about 210 x 106 cubic meters at elevation 9 m MSL, is taken as index volume for
sedimentation appraical,

The mean discharge tributary to the lake may be estimated from the rela-
tionkhip between tributary areas and mean annual discharges for the Bicol River
at about 1200 x 106 cubic meters per year,

Use is mede of Brune's trap efficiency curves(1> to obtain an estimate of
the proportion of sediment trapped in the lake per year. Since the ratio b iween
capacity and inflow is about 0,18, it is concluded that the lake has a trap
efficiency of more than 90 percent, that is, more than 90 percent of the inflow
sediments are deposited in the lake.

The values of the loads given in Table E-2 do not allow making definite
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estimates of volume accumulations in Lake Bato. However, if the Talisay load
were assumed, for the sake of discussion as being representative of the sediment
inflow in the lake, the total yearly accumulation in it would be on the order
of 400,000 cublic meters per year, not including the bed load deposits. It is
recogaized that the load from Mount Mayon must be larger than that in the Talisay,
but on the other hand, a large part of the drainage area is presently occupied
by swemps and the lake proper, and this would tend to compensate for the larger
yields from the Mayon,

The above conclusions should be confirmed or revised with data collection
in all the streams tributaxry to the lake,

Deltaic Pormations

All coarse sediments are deposited in deltaic formations at the mouths of
the lake tributary rivers. The most conspicuous delta is that of the Quinale-
Naporog Rivers., Deposition of coarse sediments in the deltas produce frequent
alterations of their channels during and after floods, with attemdant local
flooding and damages to irrigation canal intakes and levees. In all probability,
ncne of the sand and gravel portion of the sediment load penetrates deep in
the lake,

It appears that the proportion of coarse sediments in the total sediment
load tributary to Lake Bato should be higher than the average because of the
considerable supply of sand and gravel on the slopes of Mount Mayon and other
high peaks bounding the drainsge area on the west, It is estimated that probably
about 15 percent of the anmual sediment load is formed by coarse sediment. If
the above percentage is correct, the order of magnitude of the deposits in the
deltaic formations would be on the order of 60,000 cubic meters per year,

Sediment sampling should be intensified in all streams of the Bicol System
and care be taken to obtain simultaneous discharges at the same stations. In
particular, sediment sampling should be initiated in the Quinale and Naporog
Rivers,

A comparison should be made between the economic and social convenience of
contining the present system of cleaning the channels of the Bato deltas after
each flood, and other more permenent measures to avoid channel filling and changes,
For example, a channelization program could be studied, which would deepen the
present delta channels in advance to the occurrence of the floods, and would be
subject to routine maintenance dredginge

B4



A feasibility study of training works in the delta channels should be
made, including revetments and alignment,

The present use of coarse bed sediments for concrete aggregates should be
strongly promoted as a means to obtain local relief,

In regard to the lake bottom sediments, it is recommended that a sampling
program be undertaken. If good undisturbed samples are taken, it might be
possible to establish true rates of sedimentation in the lake, For example,
if cinder layers are found in the logs and are dated to correspond to kmown
eruptions of the Mayon, the sediment thiclkmess between the cinders would give
a very good indication of the rates of deposition,

It is recommended that use be made of the procedures of the US Bureau of
Reclamation for sediment surveys in the bottom of its reservoirs.(2) A piston
core sampler should be used similayr to the type suitable for amall reservoirs.
This sampler should be operated from two boats assembled in catamaran configura-
tion. A light A frame would be used to drive the sampler into the bottom sediment,
The Bureau of Reclamation samplers have lengths of 90,180 and 270 centimeters,
These samplers may be made locally, out of standaxd stainless steel tubes 3-in
ID, and steel rods. The US Buresu of Heclamation has standard sampler designs.(3)

REGIME THEORY STUDIES

Hydraulic Geometry Concepis

The cross-section of a river is said to be in regime if it is established
by itself in movable boundaries during a long time of stable flow and sediment
transport conditions, There are several theories on the relations between
the main geometric parameters of the cross-cection and a charecteristic discharge.
If changes in discharge occur, the cross sections will change to a new regime
conditione.

A correlation was established between discharges and the ccrresponding water
surface elevation, cross-sectional area, depth, mean velocity and top width for
several cross-sections of the Bicol System,

Usually, the mean annual discharge is taken as the regime parameter for
establishing these relationships. In the case of sections subject to tidal effects,,
however, the mean freshwater discharge has probably much less significance than
the discharges assocliated with the tidal motions. Table E~4 presents the esti-
mated mean freshwater discharges for all sections. The tidal prisms should be
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averaged from results of the LATIS freshwater discharges for the sections subject
to important tidal effects using spring and neap tide conditions.
Table E=4 presemnts such correlation for different rivers and stations.

TABLE E-4

HYDRAULIC GEOMETRY BICOL SYSTEM

Drainage Cross Section Parameters for Q Mean Stage
Area Q Mean WSEl.* Area Depth u(w/s) Width

River and Place sq. km, (cms,) (m) (sgeme) _(m) m
Bicol, Sto. Domingo 905 4046 Se 9 220 5¢5 0.19 53
Bicol, Ombao 1, 630 T2 3¢5 80 346 0,96 30
Bicol, Baliwag 1,720 TTe4™™ 145 159 4.4 0.49 63
Bicol, Naga 1,930 86,8%% 04,75 380 63 0.23 110
Clﬂac]ing, Lupi 64 2.8 4,05 245 0.9 1410 Se4
Sipocot, Sabang 447 39.8 3¢5 60 1.8 0,66 47
Aslong, San Isidro 12 1.3 9.9 1.4 03 .93 4,7
Pawili, San Roque 540 24,4 1655 30 1e2 0.81 40
Iibmanan, Plancha 596  206%* TeO+ 530 446 0.39 174

* WSEl = Water surface elevation.
**% BEstimated through drainage area relationship. Tidal effects.
¥ From calibration run. Mathematical model. (Average Nodes 33.34).

The regime formulas may be expressed as follm:“)

a
Width: W = C' Qm

b
Depth: D = Cd Qm

= c
Velocity u = Cu Q -

In whica C', Cd, cu’ a, by, ¢, are empirical constants, These equations may
be applied in a downstream direction of the same river and, if the physiographic
characteristics do not change, the same constanis will be applicable for all
sections. This was done for the Bicol System, using the values given in Table E-4
but the values obtained for the constants proved unrealistic. It was concluded
that the physiogrephic characteristics of the system are not homogeneous. In
fact, the Bicol is controlled by a narrow stretch in the vieinity of Ombao, which
has an entirely different physiography than the rest of the system. The lower
portions of the system are subject to tidal effects, and therefore, the mean
discharge governing the geometry of the cross-section is different from the mean
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fresh water flow, as stated aboves In addition, the portion of the basin
located upstream of Ombao has & marked lacusirial character,

The regime relationships may in turn, be used tc estimate the order of
magnitude of possible changes if the characteristic d. scharges are changed. For
this, it is required t¢ estimate the wv=iues of the exponents. From results of
studies made in the humid United States, it is estimated that the exponent in
the width relationship is the smallest: oa the order of 0.1, This means that
once a cross-secticn is in regime, its width will change relatively little with
the dischargc:e The depth and the velocity exponent are both on the order of
0445, (4)

If the discharge at a particular cross-section were reduced ++ 50 peveent,
for example, the width would be reduced by 7 percent and the depth ana the
velocity would both be reduced by 27 percent,

Cbnsequently, if Cutoff Channel No. 3 were constructed to proportioms able
to reduce the flow at Naga by say 50 percent, reductions in depth on th2 order
of 27 percemt would be expected there, If, due to scour during floods, the
cutoff cross-section were enlarged to convey most of the discharge, then sediment-
ation would decrease the depth of the present chanmel. in proportion to the 0.45

power of the discharge approximately.

COASTAL SEDIMENTATION

Physiographic Description

The entire southern portion of San Miguel Bay has muddy tidal flats and
mangrove forests. There appears to be relatively little sand contribution from
the Bicol, the Barcelonita estuary or the littoral itself. Cuart 14223 of the
US Hydrogruphic Office shows that the 3-fathom (5.5 m) line is located 5 km
off shore the mouth of the Bicol Estuary,

Reiterated aerial reconnaissance showed that there are suspeiicd sediments
transported from Barcelonita toward the Bicol and further to the west. Muddy
bars parallel to shore are exposed during low tide.

At he mouth of the Bicol, there is an important normal bar probably
enhanced by the fresh water.saltwater interface. Depths in the Bicol Estuary
upstream of the bar and in the lower Bicol River reach 5 m below MSL, while low=
tide depths on the bar are on the orier of 1 my There is a short bar parallel
to and opposite the west shore protrudes beyond the end of the east shore,
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The normal bar ha3 been dredged to facilitate navigation of shallow draft,
but siltation occurs repidly and maintenance dredging is required. Pishing
vessels must walt for the high tide to negotiate the barx,

Provosed Study of Navigation Improvement

It is nroposed to study the feasibility of reducing the inlet cross-
sectional area with spur jetiies at the inlet, Furthermore, channelizing parallel
jetties would lead the discharge out to the bar location. The reduction of cross-
sectional area would increase velocities which in turn would increase scour and
would keep a channel open across the bar into deeper water., This should reduce
the nzed for maintenance dredging. The channel would be designed according to
present inlet stability theory,

Results from the recent salinity intrusion studies indicate that deepening
the inlet would not adversely affect salinity intrusion with the above described
scheme because the inlet and lower portions of the Bicol Estuary have a vertically
well mixed salinity condition and the above scheme should not change ite

The spur and channelizing jetties would be designed based on the inlet
stability theory, according to empirical data. There is a relationship between
the spring tidal prism and the minimum cross-sectional area for a stable inlet,
expressed as follows:(4)

A, = 8.0 x 10~4 P 0.85

Acz Minimm crogs-sectional area

Ps: Spring tidal prism

A typical spring tidal priem for the Bicol is 21 x 106 m3. The above

expression gives & minimum cross-sectional area of 1000 m2 as necessary for a
stable inlet. The present cross-sectional area is on the order of 2500 m2.
The difference in size between a stable inlet and the Bicol cross-sectional
area implies that there is moderate littoral drift and wave activity, due to the
short fetches in San Miguel Bay,
A reduction of the cross-sectional area in size to that corresponding to
a stable inlet would increase the valocity enough to scour the inlet without
maintenance dredging. In addition, the éhannelizing jetties would direct the

flow across the bar and produce a channel of suitable depth. The inlet should
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not be made too small, to avoid velocities beyond acceptable vessel operation.

Additional soundings should be made to study the deposition of sediment
at the mouth of the Bicol Estuary. The entrance to the Estuary was recently
dredged; soundings in this vicinity should be taken to determine the rate of
sedimentation at the mouth,

It is suggested that fishing vessels make a report of wave heights and
directions for use in design of any anticipated coastal works in the region,

In the actual design of the project, it should be determined wheother the
spur jetties can be anchored in the mangrove areas,

Mathematical hydraulic model studies should be made to determine whether
the inlet structure might adversely affect flooding upstream on the Bicol River
and also to obtain values of the resulting maximum velocities,

E-9



Te

2o
3
4.

5e

APPENDIX E

REFERENCES
Vanoni, Vito A., Editor - American Society of Civil Engineering, Sedimente
Ibid. page 361.
Ibid. page 362,

Graf, Walter H.,, Hydraulics of Sediment Transport, McGraw-Hill Book Co.
New York, 1971. DPage 254,

Moes, J., Stability of Small Estuary Mouths, XVI Congress of the Intermational
Association for Hydreulic Research, Sao Paulo, Brazil, 1975.

E-10



10,000
10,000
Ji
a1/
1/
! [
| y
//
1000 / Yoo
/
= I
g /
» / |
_z
S
? /
= of
[
] o °
=
100 H / [o
[0
/ Fi6—{E—t
°h/ PRELIMNARY SEDIMENT
/ LOAD | [cURVE |FOR| BIkOL
/ RIVER],| STO. DOMINGO,INABUA
/ [0]

‘ 10 10 Q(Cms) 100



£-12

10, 000

100

10

Q (cms)

1.0

o i
= = T
e @
-v A
gy -
3 Aﬁ
N % &
W EHa T
G -8
o wrn_ Bz
=IE:
N dat
Tike g
vl <
//
I
///0
g | P R
1 szi_fww

10,000

1,000

8

10



E-1\3

1,000
100 —_—
=
5
N
h224
4
o
=}
Q
L4
o
-1
=
w
X
a
3
10

b 4

ST 1ET3
PRELIMINARY | SE "\“‘:NT LOAD

CURVE |[FOR| YABY RIVER

YABU, $IPPDCOT, (CAM. SUR

©
at

[0]] Q (cms)



