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Fig.3.3.1 PRESENT LAND USE IN AND AROUND THE RESERVOIR AREA

e
5 ?

ANTONIO
__ SwaMP

kkkkkkk e

LEGEND

f\ T

N \ 5
M? AHA‘YAT - W
ﬂEL!%\ k) U |

—————  Dam axis for Allernolive | t0 8

=== Dam axis for Aiernalive T o 13

| zﬂiﬁm

%&5\5 M Rasideniicl orea
7 P Paddy field
j R SCALE S Suggarcane field
’;" B o R .'5__ G Gross land or swamp
! . _ B .
w1510 ¥ .1 e N S

1 - 249



=11

S3SN0OH 40 H3AGWNN ANV NOISIAI] V3HV [ 41]

JOVSUNS H3LYM XYW JLVAIXOEELY —-—

WY3HLS HAddN N1 SIXY Wvd —-—

WYIHISNMOO NI SIXY Wy ———

ubN{DNDE DS Of GN3937 =
: <
~ se |pe} o oz | joslT
=l
ou |alarlot ojolo|o
\\ oy
?M S 1ol ofo ,m.wo
h=" = w\..\\ h
\ d%\\“\o\ ololojolfo =T
F O
S —
o = H oo olo 770 OB ]9 |@
ozoboanz
T ajoNn ©
T e 0 |010 | 0] 0100 ololjolo X ;
=7 ST AT & olo {of
“Tooi los| ovio(feler| LIt 5] o 00 ) h\u\
|| : -
& o
) @) esi & orise ol O o ofololeojo
P = <) _

L}

| i
20140} o._V\

i

VIUY HIOAYASIH IHL NIHLIM S3ISNOH 40 ¥3GHNN Z2°€°¢ -Bid

I - 250



F19.3.3.3 PRESENT LAND USE IN THE AREA TQ BE IRRIGATED
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Fig. 3.4.2 LOCATION OF COMMUNAL IRRIGATION SYSTEM
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Fig. 351 PAMPANGA AND PASAG RIVER BASINS
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Fig. 357 CONTOUR MAP OF SAN ANTONIO
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Fig. 3.5.9 MPW SCHEMATIC FLOOD FLOW DIAGRAM
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Fig. 3.5.10 M.P.W. FLOOD CONTROL AND DRAINAGE WORKS
IN THE PAMPANGA DELTA AREA _
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Fig. 3511 BPW FLOOD CONTROL SCHEME-]
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'Fig- 3513 BPW FLOOD CONTROL SCHEME -
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Fig. 3.5.14 RESERVOIR SITES IN THE PAMPANGA RIVER WATERSHED
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Fig. 3.5.15 POSSIBLE INUNDATION AREA AND
TYPICAL FLOOD FLOW DIRECTIONS
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Fig. 4.1.1 LOCATIONS OF PROPOSED EAST AND WEST DIVERSION CHANNELS
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Fig. 4.7.4 PAMPANGA AND PASAG (GUAGUA) RIVER BASINS EXISTING AND

POTENTIAL STORAGE RESERVOIRS SITES
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Fig, 4.2.2 DESIGN FLOOD DISCHARGE DISTRIBUTION
UNDER PRESENT CONDITION
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Fig. 4.2.4 (1) DESIGN FLOOD DISCHARGE DISTRIBUTION
(WEST DIVERSION CHANNEL PLAN - 1)

Case: 100-yr Flood, existing dams (Pantabangan and Angat)
upstream and West Diversion Channel (Plan-1)
downstream
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Fig. 4,2.4 (2) DESIGN FLOOD DISCHARGE DISTRIBUTION
(WEST DIVERSION CHANNEL PLAN - 2)

Case: 100-yr Flood, existing dams (Pantabangan and Angat)
upstream and West Diversion Channel (Plan-2)
downstream
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Fig. 4.2.9 LOCATION MAP OF CHANNEL IMPROVEMENT PLAN (PLAN-1)
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Fig. 4.2.10 (1) DESIGN FLOOD DISCHARGE DISTRIBUTION
(CHANNEL IMPROVEMENT PLAN - 1)

Cage: 100-yr Flood, existing dams (Pantabangan and Angat)
upstream and Channel Improvement downstream
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Fig. 4.2.10 (2) DESIGN FLOOD DISCHARGE DISTRIBUTION
(CHANNEL IMPROVEMENT PLAN - 2)

Case: 100-yr Flood, existing dams (Pantabangan and Angat)
upstream and Channel Improvement downstream
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Rainfall {mm)

Fig. 4.2.13  METEOROLOGIC CONDITION AND PROPOSED CROPPING PATTERN
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Fig. 4.2.14 GENERAL LAYOUT OF IRRIGATION PLAN FOR ALTERNATIVE 1 to 8
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Fig. 4.2.17 SEASONAL VARIATION OF CROP- COEFFICIENT OF PADDY
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TOTAL MONTHLY RAINFALL IN MILLIMETERS
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Fig., 4.2.19

CONTOUR MAP OF THE RESERVYOIR AREA
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Water Surface Elevgtion

Water Surfoce Elevalion

Fig. 4.2.20 RESERVOIR AREA AND VOLUME CURVE FOR ALTERNATIVE 1 to 8

“El.m '
8 - b ; i i o ER Fo +
- : | -
15 - : i =
PO I DU D I Bl N R R I | L | S
12 - ‘L x./ . ‘ e i,,,."._.LBGGHd : : [x
" I7l-/"| _/ﬂ/. i _ i ; —0——0— .:aservmr'ur:a ;
£ ] | : _x_-"f X — dservorr voiume
P I k ,,,,,, o oo e } | -
B__Zo_;_i 1 ,,,,, 3 %, o - . J . l} I I .
| || | |

0 100 200 300 400 Km?
Raservoit Argo

e —— ‘ e gy e ————————— &
0 500 1000 1,500 zpooXi0°m
Resarvoir Yolume

Fig. 4.2.21 RESERVDIR AREA AND VOLUME CURVE FOR ALTERNATIVE 9 to 13
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Fig. 4.2.23 CORRELATION OF PUMPING DRAINAGE AREA, DISCHARGE,
AND REQUIRED PUMPING HEAD
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Fig. 4.2.24 CORRELATION OF EQUIPMENT COST AND Q&M COST
'FOR DRAINAGE PUMPING FACILITIES
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Fig. 4.2.25 DAM CREST EL - WORK QUANTITY CURVE FOR ALTERNATIVE 1 to 8
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Fig. 4.2.28 CORRELATION OF RESERVOIR WATER SURFACE ELEVATION, DRAINAGE
EARTH WORK VOLUME, AND DRAINAGE CONSTRUCTION COST
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APPENDIX IT  HYDROLOGY

CHAPTER T  INTRODUCTION

This Appendix IT presents water vesources in the Pampanga River
Basin including rainfall, streamflow, tide, water quality, sea water
intrusion and sedimentation, studies on runoff flood discharge, and
hydraulic analysis in the downstream from San Antonio Swamp by simulation
model. The hydraulic analysis of the proposed flood control works in
the downstream of the Pampanga River are not included in this Appendix,
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CHAPTER 2  WATER RESOURCES

2.1 Rainfall
2.1.1 Rainfall Records

Rainfall observations in the Pampanga River Basin have been made at
82 stations as shown in Table 2.1. Location of these stations is shown
in Fig. 2.1. Collected existing data from PAGASA show that only 9 of them
have continuous records covering more than 10 years as shown 17 Fig. 2.2
Collected records of daily rainfall are compiled in Data Book./1

2.1.2 Mean MonthTy‘Rainfa11

For the convenience to know the general pattern of the rainfall in
the basin, the mean monthly rainfalls at 67 stations are presented in
Fig. 2.3 which show their annual pattern of average and minimum values.

2.1.3 Rainfall Characteristics

As shown in Fig. 2.4, the mean annual rainfall varies from less than
2,000 mm in the central part of the basin to over 2,800 mm in the moun-
tainous eastern and southwestern portions. This variation is caused
primarily by the effect of the topography and the rain-bearing seasonal
winds. During the northern or northeastern monsoon period, October -
danuary, the basin is shielded by the Caraballo. Mountains on the north
and northeast. During the period from February to April, the basin is
shielded on the east from the eastern trade winds by the Sierra Madre
Mountains. During the remainder of the year, the basin is shielded from
the southwest monsoon winds by the Zambales Mountains on the south.

Heavy precipitation generally occurs in the period of May through
October during the southwest monsoon and August is generally the month
of heaviest rainfall. More than half of the rainfall in the basin is
associated with typhoons. Nearly 90 percent of the mean annual preci-
pitation recorded at Cabanatuan City occurred during the period of May -
October as shown in Table 2.2. The mean annual rainfall for each
sub-basin is as follows:

[1: Data Book I Rainfall, Feasibility Report on the Pampanga
Delta Development Project, Feb. 1982, JICA
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Sub-basin ‘Mean Annual Rainfall

(mm}
a. Upper Pampanga - 2,310
Rio_Chjco-Ta?avera 2,020
c. Sierra Madre Mountains 2,400
Average for Pampanga Basin 2,250
d. Zambales Mountains 2,340
Average for Whole Basin 2,260

2.2 Streamflow

2.2.1 MWater Level Records

There are available records of gage height at 29 gage stations in
the Pampanga and Guaqua Basins from the beginning 1969. The locations and
available geriods of the records are shown in Figs.2.5 and 2.6 respectively.
Water level records at those stations are mainly kept in National Water
Resources Council {NWRC), but water level records in the stations for
the flood forecasting are kept at PAGASA. Most of water level data are
on the daily-basis, but the data of PAGASA are on the hourly-basis during
flood period. As is shown in Fig. 2.6, the cobservation of water level
has been stopped at many stations since 1975. Only a few of them have
continued up to 1978, but in 1979, the observations of water level at all
the stations were stopped except the stations for the flood forecasting
network of the Pampanga River Basin.

2.2.2 Streamflow

Discharge rating curves at 27 stations were prepared on the basis
of the previous discharge measurement data at the time of the study of
PD/CS Area Development Project. To supplement the data on discharge,
the measurement was carried out by the Team at 5 stations in the period
of August through November, 1980. The results are shwon in Table 2.3.
Based on the supplemented data, the rating curves at 3 stations were
revised and the curves at 2 stations were newly made as shown in Fig. 2.7.
The discharge rating curves at 29 stations are shown in Table 2.4 1in
the form of formula.

2.2,3 Mean Monthly Discharge

The daily water level at 29 stations were converted into daily
discharges using the discharge rating curve at each gage station. For
the purpase of knowing the dgeneral pattern of the river discharge in
the basin, the mean monthly discharges in terms of average and minimum
values are presented conveniently in Fig. 2.8.
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2.2.4 Mean 10-day Discharge

Using the daily discharges, the discharges necessary for irrigation
studies are provided as 10-day average discharge. Discharges during the
periods of no record are estimated by use of a linear regression equation
based on correlation studies between the other gage stations. The estimated
correlation coefficients between stations are Tisted in Table 2.5 and
the formulae of the cross-correlation are shown in Table 2.6, 10-day
average discharges during the period of 1968 through 1978 are shown in Table
2.7 for the stations of Arayat, Zaragoza and Floridablanca, the Gumain
River. The inflows to the San Antonio Swamp are estimated as shown in
Table 2.8 based on the data at the gage stations around the swamp.

2.2.5 Streamflow Characteristics

The mean monthly discharges at each gage station illustrated in Fig.
2.8 show their general annual pattern of average and minimum values.
Generally, the annual pattern of the streamflow varies widely according
to the year, and the Pampanga and Rio Chico River Basins have almost the
same characteristics throughout the year. The wet season flow appears during
the months of June through November, but occasionally, June and November
have a small discharge,less than 50 m3/s at Arayat and 1 m3/s at Zaragoza.
The drought flow appears during the months of January through April,
especially the streamflow becomes extremely small in March'agd April.
The average minimum discharge of the past 14 years is 26.8 m?/s at Arayat
and 0.9 m3/s at Zaragoza. December is a transitional month to the dry
season flow and May is also a transitional month to the wet season flow,
but occasionaliy, large discharge occurs in May caused by heavy rainfall.

2.3 Tide

Tides in Manila Bay range from -0.7 m to +0.8 m in MSL. According
to Fhfldata collected from BCGS, the tide levels in Manila Harbor are
as follows:

Elevation above Mean Sea Level in Meter

Mean Higher Mean High Mean Low Mean Lower
High Level - Level lLevel Low Level
(MHHL ) (MHL) (MLL) (MLLL)
0.53 0.39 ~0.37 ~0.47

These levels are illustrated in Fig. 2.9. The levels were determined
f?om 29 years series (1951-1979) of the actual observations. The maximum,
minimum and average -Tevels are shown in Table 2.9,
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2.4 Water Quality

To know the quality of river water, water sampling was carried
out by the Team at 10 locations as shown in Fig. 2.10 during high-water
flow condition in September 1980 and Tow-water flow condition in January
1981. The samples were analyzed by the Soil and Water Laboratory of NIA,
Mufioz, Nueva Ecija. The results of water quality analysis are shown in

Table 2,70 which indicate that the water is generally acceptable for
irrigation usage.

2.5 Seawater Intrusion

2.5.1 Data on Salinity

According to the Report on PD/CS Area Development Project, the
measurement of the salt content was carried out at 3 stations along the
Bulacan River and at 4 stations along the Pampanga River between 4 and
18 km upstream from the mouths of the rivers during. Towstream flow in
March 1977, To supplement the data, the measurement was carried out by
the Team in January and by MPW during the period from March to April,
1981 at 16 stations along the Pampanga main stream, the Labangan Floodway
and other rivers relevant to the Project. The stations of the measure-
ment are as follows:

River Station in Distance from River Mouth
Pampanga 10 km, 14 km, 17 km, 22.5 km, 22.6 km, 25 km
Labangan 9.5 km, 16.5 km, 17 km, 22 km
San Fernando 22.5 km, 31 km, 35 km
Hagonoy 9 km, 13 km, 18.5 km

The locations of the above stations are shown in Fig. 2.11.

The water samples were taken each 1 m from 30 cm below the water
surface to channel bottom. In order to simplify the measurement in the
field, the salt content of the water was measured in terms of electric
conductivity. Then they were converted to the chloride concentration
which belongs to dissolved common salt (NaCl). The results of the
measuvement are listed in Table 2.11.

The correlation curves between electric conductivity and chloride
concentration as shown in Fig. 2.12 are used for conversion in this
study. For making correlation curve, the chloride concentration of the
samples were analyzed at the laboratory of the Metropolitan Water Works
and Sewerage System according to the procedure of the American Public
Health Association. The chloride concentration is about 23,500 ppm
iR seawater, and fresh water normaliy contains less than 10 ppm of
chloride.
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2.5,2 Estimation of Seawater Intrusion

Saity sea-water penetrates farther near the river bottom than at
the surface. In the intermediate zone, it can be detected a linearly
increasing rate of the chloride concentration in the river mouth. As
the correlation between chloride concentration and the distance has a
tinear function in the most of the cases, the chloride concentration
profile of the Pampanga River was drawn with regard to the water surface
and the river bed as shown in Fig. 2.13.

The figures show that seawater penetration in the Pampanga River
increases from 13 km at low tide to 16 km at the peak of the tide, near
the water surface. Near the channel bottom, salty water penetrated from
a minimum of 13 km to 17 km during the observation period. The maximum
points of seawater intrusion in the San Fernando River is estimated at
32 km from the river mouth based on the observed data.

However, the seawater intrusion is influenced not only by fluctuations
of tide but also by river's streamflow. change. From these observed
data, it is difficult to estimate the maximum point of seawater intrusion
at the time of various streamflow, Hence, with regard to the Pampanga
mainstream and the Labangan Floodway, the possible intrusion distances
at the time of various streamflow are estimated by calculation in the
following:

Equation
The form and length of salt wedge may be expressed in the following

equations, assuming that the boundary face between salt water and fresh
water exists clearly.

Equation for Form of Salt Wedge:

N N
X 2
Br= 2 (3250 i (2.1)
where, X: distance from the foot of salt wedge (m)
Lj: Tength of salt wedge (m)

Np = TE : ratio of salt water depth

h1: fresh water depth (m)
ho: salt water depth (m)
nx: ratio of salt water depth at estuary
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Equation for Length of Salt Wedge:

_ n
YKF1.2 = %n*z (3-2-n*)f F1-2 [T:%; + 1oge(]-n*)]

L

where,

T
K= Y‘2U02 ’

Tq:

ratio of salt wedge length and total
depth of water

coefficient of resistance

shearing force between two-faces {t/m2)
density of fresh water
density of sea water

velocity of fresh water (m/s)

internal Froude number

acceleration of gravity (9.8 m/sec?)

ratio of density of salt water
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Using the akove merticned equations, the seawater intrusion to the
river is calculated for various streamflow at the time of high and Tow
tides applying the corresponding rectangular cross-sections of the exiting
channel, In the calculation, the value of K in equation (2.2) is deter-
mined as 0.009 based on the observed data.

The calculated results of salt wedge for various streamflow are
shown in Table 2,12, and they are illustrated in Fig. 2.14, Based on
the calculated results, the seawater intrusion to the Pampanga River and
the Labangan Floodway during a drought is estimated as follows:

Seawater Intrusion to the River

Tide Seawate?kI?trusion
Discharge m
River (m3/s) %?1;51) I mbelow — popeon
: Surface

Pampanga River 5 0.53 18.8 46.6
10 0.53 8.2 46,2

20 0.53 2.8 45,2

5 -0.47 18.0 46,2

10 -0.47 7.7 45.4

20 -0.47 2.4 36,7

Labangan Floodway 5 0.53 13.0 24,7
2 ~0.47 18.0 18.0

) -0.47 7.5 15.6

2,53 Frequency of Seawater Intrusion to River at Present

To know the frequency of seawater intrusion to the Pampanga River
and the Labangan Floodway at present, the average distance of seawater
intrusion in the affected period are estimated applying streamflow during

the period from 1968 to 1978, The procedure for estimating the frequency
is as follows:

i} Compute the median values of seawater intrusion distance at

the time of high and Tow tides with regard to 1 m below water
surface and channel bottom.

11} Plot the median values of seawater intrusion determined in

step i versus the river discharge on section paper and fit
a smooth curve through the data (Fig. 2.15).
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ii1) Using 10-day average discharge at Arayat, the Pampanga River
and at Bahay Pare, the Massim River, estimate the discharge of
the Pampanga River at the confluence of the Maasim River added
to the estimated discharge from the catchment area between
Arayat and Candaba (Table 2.13(1)). Using 10-day average
discharge at Pulilan, the Angat River, estimate the discharge
of the Labangan Floodway deducted the discharge to the Pampanga
River through the Bag-Bag River (Table 2.13(2)).

iv) Applying the river discharge obtained in step iii, estimate
the seawater intrusion distance in the said rivers for each
year.

The estimated distance of seawater intrusion and its affected period
$r$1shown in Table 2.14, and they are summarized in terms.of average as
olTows: '

Average Distance and Affected Period of Seawater
Intrusion under the Existing Condition

Pampanga River Labangan Floodway
Depth Distance Period Distance Period
(k) (day) (km) (day)
At Channel
Bottom 22.7 145 11.3 338
At Tm below
Water Surface 1.3 138 4.6 293

2.6 Sedimentation

2.6.1 Data on Sediment

According to the Report on Irrigation Development Plan for Central
Luzon, the average sediment yields at 15 stations are presented in Table
2.15. On the other hand, according to the Report on Balog-Balog Irri-
gation Project, the sedimentation value of 3,500 m3/km/year was adopted
for reservoir planning based on the results of a recent survey of the
actual siltation of two existing reservoirs in the upper basin of the
Agno River as shown below:

Reservoir 106m3/ year m3/kmé/year
Ambuklao 2.3 3,500
Binga 1.9 6,200
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To supplement the data on sediment discharge, sediment sampling was
carried out by the Team at 7 sections during the months of August through
November 1980 as in Table 2.16. Furthermore, for estimation of bed load
of river channel, sampling of river bed materials was also carried out
by the Team in November 1980. The locations of the sampling are shown
in Fig. 2.16. The sampled bed materials were analyzed at the Soil and
Water Laboratory of NIA. The results are shown in Table 2.17.

£.6.2 Method of Estimating Sediment Discharge

In order to estimate sediment transport from the basin, sediment
discharges at 6 stations are calculated by use of a formula and the data
on sediment discharges observed by the Team during a period from August
to November 1980, applying the following values based on the longitudinal
profile of the river and the results of sieve analysis of bed materials.

Site (gﬁ) ?33) I n
Talavera 4,86 1.55 1/1,000 0.035
Zaragoza 0.13 0.08 1/5,000 - 1/70,000 0.030
Bamban 1.55 0.25 1/300 0.035
San Isidro 9.60 3.08 1/4,000 - 1/25,000 0.030
Arayat .10 0,07 1/10,000- 1/30,000 0.030
Candaba 0.12 0.07 1/5,000 - 1/30,000 0.030
Sutipan 0.10 0.07 1/9,000 - 1/30,000 0.030

The data on sediment discharge (suspended load including wash load)
observed by the Team are plotted on log paper as shown in Fig. 2.17 to
obtain a relationship between sediment discharge and water discharge.
However, it is difficult to make-up a formula from this figure because of
Timited samples., On the other hand, relationship between sediment dis-
charge and water discharge may be expressed in the following equations.

kyQ"1
KoqP2

il

For bed load : Qg

1]

For suspended Toad : Qg

where, Qg: bed load (m3/s)
Qg suspended load (m3/s)
Q: water discharge (m3/s)
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