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1.0 INTRODUCTION

| B

igure 1. pbeing used during the fieldwork.

It is always a given that when stream flow occurs in excess, it can create a hazard like
flood that causes extensive damages and hardships. However, the measurement of stream flow is
amenable to fairly accurate assessment.

On October 11, 2013, Typhoon Santi, also called “Sari”, caused flooding in some portion
of Pampanga as it hit toward Luzon under storm warning signal number 2 (number 3 for some
other areas). The heavy rains brought by the typhoon had caused the Pampanga River,
particularly at Arayat Station, to overflow and generate floods over the surrounding area. It was
then a good timing that the Hydrologists Training Course (HTC) of Philippine Atmospheric,
Geophysical and Astronomical Services Administration (PAGASA) were scheduled to have a
fieldwork at Pampanga few days after the flooding. This led the HTC and the Pampanga River
Flood Forecasting and Warning Center (PRFFWC) to grab the good opportunity, as conducting a
survey and measuring the discharge of the river is very suitable to be performed after a flood
event. Fully assisted by the staffs of PRFFWC, discharge measurement, the basic work on field
of a hydrologist, was executed and performed by the trainees.

During the fieldwork, the methods that were being used for determining the quality of
water flowing in channels are of four (4) kinds: the discharge measurement using Currentmeter,
the Slope-Area Method, the Float Method, and the discharge measurement using Acoustic
Doppler Current Profiler (ADCP).
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2.0 OBJECTIVES

The main objective of the report is to measure the discharge of Pampanga River at Arayat
Guaging Station at relatively low flow using the four (4) different methods: the discharge
measurement using Currentmeter, using Acoustic Doppler Current Profiler (ADCP), the Slope-

Area Method, and the Float Method. The specific objectives are as follows:

1. To conduct discharge measurements using the four (4) different methods, and give
analysis and suggestions for each of these methods.

2. To give brief review and personal views on the hydrology-related field sites being visited
for the whole duration of the fieldwork/ fieldtrip.

3. To evaluate the whole fieldwork activities in general.

4. To be able to produce a well-presented technical report for the purpose of preparation and

training for future concern as an aspiring hydrologist.

3.0 SITE LOCATION

The discharge
measurements  were
performed at Arayat
Station, Pampanga
River, located at Hi-
way bridge along
Olongapo - Gapan
Road, Barrio San
Agustin, Arayat,
Pampanga.

Figure 2. The location of Arayat Station, Pampanga River (Google Earth image).
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4.0 SITE DESCRIPTION

Figure 2. Physical features of the site.

Pampanga River has about 260 kilometers length. Arayat Station, one of its stations
maintained and monitored by PAGASA, lies on the middle of the river. It has a gaging station
located at the right bank of the river, downstream of San Agustin Bridge along the GSO highway
at Brgy Camba, Arayat, Pampanga. Based on the 2009 survey by PRFFWC, this station has an
estimated elevation of 9 meters and Staff Gauge (S.G.) “0” gage elevation of 0.077 meter based
on the Mean Sea Level (MSL) with an old telepole benchmark (BM).

The site is not unduly exposed to wind, and is easily accessible, with available uniform
reach. The river reach downstream is not perfectly fairly straight but considerable for discharge
measurement, having stable bed and banks. Since it was just few days after the occurrence of
flood, the flow in the reach is not so free from significant disturbances, draw-down or back-
water, as traces of debris and mud on structures and trees were captured. The orientation of the
reach is normal, such that the direction of the flow is as close as normal to that of the prevailing
wind. Grasses and reeds that run along the river’s right bank near the water edge are observable,
but beyond that, a number of trees dotting the agricultural field exist and terrain was relatively
flat. The soil at both banks, as also observed on its river bed, was a mixture of gravel, silt, sand,

clay, and pebbles.
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5.0 PREPARATION

Prior to leaving for the field site, preparations were made anticipating the weather, safety,
tools, equipment, and other supply needs. All tools and equipment being used for discharge
measurements were brought by the PRFFWC staffs. The trainees were equipped with proper
field clothing and accurate instructions about the works on the field. The staffs of PRFFWC were
assisting the aspirant hydrologists in performing discharge measurement in all four (4) methods.
The fieldwork lasted for four days only (October 17, 18, 21 and 22), but the entire fieldtrip and
fieldwork activities were good for ten days (October 16 to 24).

6.0 METHODOLOGY

Four groups from the trainees were created and four different methods of discharge
measurement were assigned to be performed by each group. On the first day of the fieldwork, as
for our group with eight members, we were tasked to obtain data for slope-area method of
discharge measurement, ADCP measurements on the second day, current meter measurements
on the third day and measurement by float on the fourth day. The discussions, measurements,

computations, personal views, and conclusions will be presented in this manner.

7.0 DISCUSSIONS AND COMPUTATIONS

Stream gaging is a technique used to measure the discharge, or the volume of water
moving through a channel per unit time, of a stream. Discharge is measured by integrating the
area and velocity of each point across the stream; that is, the stream is divided into sections based
on where velocity and stage height measurements were taken in the cross-section of the stream.

The team performing the measurement has a big role on the field. Reliable stream gage
data is dependent on the care and consistency field personnel apply to their field stream gaging
techniques. Following proper instructions and applying what we have learned from our previous
lectures and discussions in Stream Gauging | and Il, and Introduction to Surveying, our group
did our best in the execution of the discharge measurements. The data we have gathered were
computed and we came up with different discharge measurement for different methods

performed on different days.
4|Page
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7.1.0 SLOPE - AREA METHOD

Slope-Area method is good for estimating flood peaks which cannot otherwise be
measured. It is a technique for estimating the peak discharge of a flood after the water has
receded. This type of discharge estimate is called an “indirect measurement” because it relies on

evidence left behind by the flood, such as high-water marks (HWMs) on trees or buildings.

7.1.1 TECHNIQUES AND CROSS SECTION SURVEY

On the first day on field for slope-area method, the bench mark was identified first and
foremost to determine the known elevation of the site. A benchmark located at the left bank at
about 100 meters northwest from San Agustin Bridge was used for the survey. It has an elevation
of 9.114 AMSL, within the vicinity of the old gaging station and was located at the concrete
foundation of an antenna post that was no longer there. Benchmark was run across the right bank
downstream of the bridge, where a reach starting at 53 meters from the bridge and with a total
length of 300 meters was surveyed for the slope-area measurements. The highest flood marks
were sited at both banks manually. These high water marks (HWM) were used as reference
points for the cross sections. Using the total station and the prism, the elevation of the farthest
HWM on both banks were identified. Some points in between the HWMs were also identified to
complete the cross section.

Meanwhile, some of our group members were collecting other data to come up with our
cross sections. The reach surveyed was divided into three cross-sections 150 meters apart. The
53 meter distance from the bridge was determined by tape and the subsequent intervals of 150
meters up to 300 meters were determined by a range-finder. An echo sounder was submerged in
the river at different parts of the river just along the path of the HWMs on both banks. This
process was repeated for the other two cross sections. The gauge height at the start and end of the

method was recorded.

5|Page



DISCHARGE MEASUREMENTS AT ARAYAT ATATION | 2013

TOTAL
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TOTAL
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Figure 3. llustration on how slope-area method was done.

The following tables show the summary of the survey that was done for each cross
section, going from left bank to right bank:

FIRST CROSS-SECTION

POINT DISTANCE ELEVATION
ACTUAL CORRECTED ACCUMULATED CORRECTED

P1 0 0 0 8.6

P2 20 20.00 20 8.272
P3 2.2 2.20 22.2 7.072
P4 2.66 2.66 24.86 4,782
P5 5 5.00 29.86 -2.618
P6 9 9.00 38.86 -0.618
P7 9 9.00 47.86 -2.418
P8 7 7.00 54.86 -6.118
P9 9 9.00 63.86 -6.818
P10 5 5.00 68.86 -5.718
P11 15 15.00 83.86 -4.418
P12 9 9.00 92.86 -1.218
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P13 4 4.00 96.86 -1.618
P14 14 14.00 110.86 0.682
P15 7 7.00 117.86 0.482
P16 16 16.00 133.86 1.382
P17 3 3.00 136.86 1.582
P18 20 20.00 156.86 3.882
P19 22 22.00 178.86 4.782
P20 5 5.00 183.86 6.575
P21 36 36.00 219.86 7.349
P22 20 20.00 239.86 7.424
P23 19 19.00 258.86 7.857
P24 25 25.00 283.86 8.514
P25 11 11.00 294.86 8.478
P26 15 15.00 309.86 8.431
P27 32 32.00 341.86 6.879
P28 7.5 7.50 349.36 6.928
P29 75 7.50 356.86 7.094
P30 2.5 2.50 359.36 7.279
P31 10 10.00 369.36 7.667
P32 10 10.00 379.36 8.6
SECOND CROSS-SECTION
POINT DISTANCE ELEVATION
ACTUAL CORRECTED ACCUMULATED CORRECTED
P1 0 0 0.0 8.552
P2 7.00 7.00 7.0 4.895
P3 1.41 1.41 8.4 4.185
P4 9.67 9.67 18.1 -1.805
P5 2.64 2.64 20.7 -2.205
P6 21.10 21.10 41.8 -2.705
P7 9.67 9.67 51.5 -1.305
P8 18.46 18.46 70.0 -1.305
P9 18.46 18.46 88.4 -0.405
P10 7.03 7.03 95.5 0.195
P11 13.19 13.19 108.6 0.595
P12 9.67 9.67 118.3 1.395
P13 3.52 3.52 121.8 1.395
P14 16.71 16.71 138.5 2.095
P15 16.48 16.48 155.0 3.695
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P16 1.99 1.99 157.0 4.895
P17 6.00 3.00 160.0 7.103
P18 6.10 1.50 161.5 7.117
P19 36.00 36.00 197.5 7.106
P20 25.00 20.50 218.0 8.5
THIRD CROSS-SECTION
POINT HORIZONTAL DISTANCE ELEVATION
ACTUAL CORRECTED ACCUMULATED CORRECTED
P1 0 0 0 7.797
P2 11 6.00 6 5.244
P3 3.34 3.34 9.34 3.844
P4 0.957 0.96 10.297 -0.156
P5 0.955 0.96 11.252 -1.556
P6 34.378 34.38 45.63 -1.356
P7 14.32 14.32 59.95 -0.456
P8 3.82 3.82 63.77 -0.756
P9 16.24 16.24 80.01 -0.256
P10 19.098 19.10 99.108 0.744
P11 12.412 12.41 111.52 0.644
P12 7.642 7.64 119.162 1.144
P13 8.595 8.60 127.757 1.144
P14 13.369 13.37 141.126 1.444
P15 5.73 5.73 146.856 1.544
P16 16.712 16.71 163.568 4.824
P17 1.432 1.43 165 5.244
P18 1.5 1.50 166.5 6.166
P19 3 3.00 169.5 6.958
P20 53.5 53.00 222.5 7.259
P21 30.5 27.00 249.5 7.584
P22 245 24.00 273.5 7.483
P23 1 1.00 274.5 7.7
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The following graphs are the illustrations for each cross section, shown from left bank to

right bank with values for elevation based on the Mean Sea Level:

First Cross Section of Arayat Station, Pampanga

53 meters from the Bridge (Downstream) Left Bank to Right Bank
Period: October 17, 2013
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Second Cross Section of Arayat Station, Pampanga
203 meters from the Bridge (Downstream) Left Bank to Right Bank
Period: October 17, 2013
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Third Cross Section of Arayat Station, Pampanga
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Period: October 17, 2013
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The illustrations below show the same cross sections plotted out in AutoCAD®:

P

FIRST CROSS SECTION
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THIRD CROSS SECTION

7.1.2 ISSUES AND CONCERNS

The following are the imitations and difficulties that have arose in the slope-area

method, as encountered by our group during the survey.

1. Identification of flood marks — In most cases during the survey, it is either difficult to
assess the horizontal extent of the flood mark in the cross-section, or it may simply be
inaccessible and hard to identify. In the first cross-section, we were able to identify the
flood mark on the right bank but we were forced to estimate the extent of the flood
because of barbed wire fences and accessibility issues. On the left bank of the same cross
section, the flood mark was hard to identify so we had to ask the locals who were with us
on the boat about how high the water was at that time of flooding and we also had to
estimate the extent because the area was too muddy to walk through.

2. Tedious nature of the survey work — The whole activity was time consuming and tiring.

The group had to survey the ground along 300 meters of the river downstream and on its

1 . . . .
The cross section and top view layout were also drawn in cross section sheets .
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banks, stepping on mud, crawling beneath barbed wires (whenever possible and allowed)
and having to ask permission from residents to access their property for the survey work.

3. Stability of the boat used during the river survey — It was hard to maintain a straight line
of depth measurement across the river because of the flow. There was no tagline used at
the time because the tagline available wasn’t enough to reach the other bank. We were
forced to assume in our calculations that we traversed along a straight line.

4. Equipment issues - For a moment during the survey, the total station suddenly went off.
There was a problem with the equipment’s power supply but it was fortunate that the
group, together with our mentor at the time, was able to find a remedy. The range finder’s
readings were also inaccurate and the device cannot read the distance toward the opposite
bank.

5. Terrain — The ground was still muddy on the first day of measurements. The group had a
difficulty finding a stable footing on which to measure the elevation of the ground,
especially along the banks. This resulted in criss-cross measurement along the cross-
section which is in contrast to an ideal straight-line measurement of elevation along a
cross-section.

6. General accessibility issues — The group had a hard time measuring elevation at some
points in the area simply because we could not access it. Some challenges encountered

were knee-deep mud, barbed wire fences and thick bushes.

7.1.3 COMPUTATIONS OF DISCHARGE

Data gathered for the cross sections were entered in the Slope-Area excel suite provided
by our instructor, Mr Hilton T. Hernando. The cross section data were entered from left bank to

right bank. The results were as follows:
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Republic the Philippines
Department nce and Technolog
PHILIPPINE ATMOSPHERIC, GEQPI IY!'Bl(b{Y AND
ASTRONOMICAL SERVICES ADMINISTRATION [PAGASA)
Pampanga River Flood Forecasting and Warning Centaer (PRFFC)
J|Q“ni|’r' Rard, DiNovan, Quearan ( ey

FFB, PAGASA Slope-Area Summary Sheet ( 3-Section )
Station: Arayat River: Pampanga River
Flood Date: 13-0ct-13 Drainage Area: 6,487
Zauge Height: §.78 Meas. #

L A R L A N N Ay

X - Section Properties:

[

Highwater Marks
e ) Right Average I 902 State of
Sect YWidth Area | Left Bank Bank [weterste | n r K bR o F Flaw
1 37936 | 162342 | B272 8.6 8.436 4.279 0.04 419 | 106006.9 |4.5EHI8 | 1 | 0.379 | tranguil
2 218.00 | 135538 §.552| 845 8.526 B.217 0.04 6.10 | 113808.7 | SE+HI5 | 1 | 0.377 | tranquil
3 27450 | 122198 | 7797 77 7.7485 4.452 0.04 436 |B1973.56 |3.FEHIS | 1 | 0484 | tranguil
note:  Aszume no sub-divided zections, hence o iz always 11 n- roughness coefficient
Reach Properties: K - conveyance
b Kuiko K. - wid. COnYEYance [ Geometric
Reach | Length | &h Fall k PRAEN i mve A | QB | ey | |mean of K of 2 sections).
condition Condition formula fIF - l—;roude no [ indicates the state of
[
1-2 150 -0.08 0 contracting | 0.931448 good 1483.403 X x @ - velocity head coefficient
2-3 150 07775 0 contracting | 1.388359 | good [ 1288.681 | 5881.839 | 4.564 T - hydraulic radius )
"1-23] 300 | 06875 O [contacting | 1.295184 | _good | 1400.260 | 3983.727 | 2845 | | K ooetem o o .
h, - velocity head
. . . h,- o5 due to bound
Discharge Computation:{ comparison ) fricrﬁoen”ienr?h'fe?g:ch”.e 0RounaEry
h, 5 - friction slope
Reach ASS”QmEd WS e Ahy he | S=hfL | 5% Ko c““‘g“‘e"
1-2 E 0.307229 | 0.440754 | 013353 [ -0.22353 | -0.00149 E 109538.6 E
2-3 | 5881.839 | 0.440754 | 0.542249 | -0.10149 | 0676006 | 0.004507 | 0.067132 | 96588.32 [ 6484168 | Qqag =
Rem: cumecs
Discharge

13| Page



NISCHARCGFE MEFASTIRFMENTS AT ARAVAT ATATINN I 27N1D

Slope-Area Cross-Section Computation

Slope-Area Cross-Section Computation

St;ti'\g:; Amg:;panga Sugz;eD::i 5_;1? Od;“,;ters = Sfation: Arayat Survey Date: T7-0ct-13
Cross-Section ber ONE {1 River: Pampanga Gage ht= &3 reters
Station | Distance | Elevation Sf":a;zv Depth 3":;: Area p:\:?r::tder Cross-Section number TWO {2 i
0 BE 8.6 0 Station | Distance | Elevation | 0" | peptn | Mean |, | Wetted
20 20§27z B.6] 0428 0.164 3.25] 20.00269 Sfc. elev. Depth Perimeter
22.2 22| 7072 86| 1528| 0.023] 20416] 2.505993 —nu- B Ea) BEl nna?
24 86 26R 4782 66| 3818 2673 7.11016] 3.509943
29 86 5 -2618 BB 11.218 7.518)  37.59] 5.930845 7.0 7 4.8% 85 3606] 1.7763 12.4355) 7.397699
585 9 05158 5Bl 9218] 10.218]  91.952] 9219544 8.4 1.4068 4185 8.5 4315 3.96| 5.570928] 1576813
gz.gg ? -éﬂg g.g u?]g géég gé.ggé ?;i’??gg 181 96718] -1806 84 10305 7.31| 70.70086) 1137648
B3.55 ] BE| 15.418] 15.088] 135.512| 5.027151 2l 25374 e 851 10705 10505 2770589 JE67Sh
5566 5 5718 56| 12318] 1a@sal 7434 511957 M8 21104 2705 84 11206 10955 231.1943] 21.10992
gggg 13 -?;lg gg nglg ﬁi?g 1335723 éﬁsgfgég 516 967066 -1.305 8.5 9.805]  10.505) 1016851 9.770983
56.56 4 1618 B.6] _10.218] 10.018] _ 40.072] 40199 U] 18 4643 /e g 2805 2805|181 0424) 184843
T10.88 71 0602 88l 798 9068 126.952] 1416767 BA.4| 184643 0405 84 8.905 9.365| 1727335| 1848622
117 66 7 0452 B6| 6118 B013| 56 126| 7 002857 954 7.034018 1.195 8.5 8.305 B.605| B0.52773| 7.059562
]gggg 12 ]ggg gg §§]g ??fg Efggf ;Euggggg 108.6] 13.18578] 0598 55| 7005 &.105] 106.8951] 1319488
155,55 0 T 56l 4718 SaEal 117 36| 2013150 118.3| 9R71776 1.395 i8] 7106 7 A05| 72 ARAEET| 9 704805
176.86 2 4782 5.6 3616 4268  93.896] 220184 121.8] 3517009 1.395 8.5 7105 7.105] 24.98835| 3517009
;?g-gg 32 ggzg g-g fggf 2-195;3 1;-85322 gsééggg 138.5] 16.70579 2095 8.5 £.405 £.755) 112.8476| 16.72045
S =0 = 1o B R TR T E 24 37| oh ool 186.0] 16.47719 3695 8.5 4.805 5.605) 9235464/ 1655459
255,86 19 7 857 56 0743] 0.9595] 18.2305] 19.00493 157.0] 1.98711 4,895 8.5 3605 4,205| 8.355798| 2.321337
ggi-gg f? gi;g g-g g-?gg U-D“lgi 1“-13*13ii f?-ggggg 160.0 3 7103 84 1397 2601 7 A03| 3724962
309,86 15 B.431 B6| 0162 01455 2 1825] 15.00007 161.5 15 7117 85 1.383 1.33 2.085| 1.500085
341.86 32 5.579 56 1.721 0.945 30.24] 32.03761 197.5 b 7.106 8.5 1334 1.3885) 49.986 36
34936 75 £.928 6.6 1672 16965] 12.72376] 7.60016 a0l 20 49955 a5 0 N 0ea7| 14 28819 205469
356,85 75 7.094 6.6 1,506 1589] 11.9175| 7 501837
359.36 25 7279 5 1321 1.4135] 3.53375| 2506836
J62.35 10 7 B67 8.6 0.933 1127 11.27] 10.00752 Total Width = 28.00 meters Hydraulic Radiusiri=  6.10  meters
SFELS il Gl Gl o] 04865 4.BE5| 10.04343 Total Area = 135539 meters’ Mean Section Depth= 6.21737 meters
Wetted Perimeter{P)= 222.194 meters
Total Width = 37936 meters  Hydraulic Radius(r) = 4.19 meters
Total Area = 1623.42 meters’ Mean Section Depth = 4.279362 meters
Wetted Perimeter{P) = 387.344 meters
Station: Arayat Date:  17-Oct-13
River: Pampanga Gage Ht. 531 meters
Total Area = 162342  meters’
Slope-Area Cross-Section Computation . a 1stoX-Sectiom 150 200 250 300 350 400
Station: Arayat Survey Date; 170ct-13
River: Pampanga Gage ht= 531 rmeters 2 j\ J' \/
Cross-Section number THREE (3) o 4 ‘ Vel
Station | Distance | Elevation vaga;f;u Depth ;ﬂ:;: Area P‘;‘r'?“‘::ir Ez |I /’
0.0 7797 77| 00E £ N /
6.0 5 5.244 77 2466 11795 7077 | B.620568 & V ]
93 3.34 3.844 77 3856 3.156 10.54104] 3621547 12 /
10.3 0957 -0.156 77 7 856 5.856 5.604192| 4.112888 14 7
1.3 0958 1556 77 9286 5.556 5.17095] 1.694705 16
456 34378 -1.356 77 9056 9156 314 764965| 3437858 18 Distance (m)
B0.0 14.32 -0.456 77 8156 8606 12323792| 14.34825
B3.6 3.82 -0.756 77 8. 456 5.306 31.72892| 3.831762 Total Area = 135539  meters’
BOD0| 1624 0755 77| 7986  @006] 133.25544] 162477 2nd X Section
99.1 19.098 0744 77 5.956 7.4566) 142.394683| 1912416 2
11156] 12412 0644 77 7 056 7.006) BB.958472| 124124 ojo 50.0 1000 1500 2000 2500
118.2 7642 1.144 77 F.556 G.B06| 52011452 785834 0 /
1278 8.595 1.144 77 6556 fG.556 56.34882 8.5945 2 | —
1411 13.369 1.444 77 G256 G.406) B5.641814| 1337237 t \ /
145.9 573 1544 77 G156 5.206 35.56038| 5.730873 g + \ /
1636| 16712 4824 77 2876 4816)  75.471392| 17.03084 L ra
165.0 1.432 5.244 77 2 456 2 G6A JE17712| 1.492322 \ /-/
166.5 15 6166 77 1534 1.995 2.9926| 1.760706 8 \ /
163.5 3 £.958 77 0742 1.138 3.414) 3102783 10
225 53] 7258 77 0441 0.5815]  313495] 53.00085 0 Disfanzetm
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27735 2] 745 77 0217] 01585 3.396] 24.00021 Total Area= 172198 meters
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Wetted Perimeter(®) = 280.062 meters : , l|
/
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The roughness coefficient, n, that was used by the group was 0.04. This is the roughness
coefficient of vegetation, chosen because at the time of the flood, the wetted perimeter included
the trees, reeds and bushes surrounding both banks. The estimated discharge at the time of the
flood, by slope area method, was 3983.73 cubic meters per second.

7.1.4 CONCLUSION

The discharge determined by slope area method is, at best, only an approximate. This is
due to the following reasons:

1. The reach under survey was not exactly straight. It gradually bends to the right when
looking downstream of the bridge.

2. The rangefinder readings were inaccurate. This was later found out when the width of the
river as computed from the readings of the total station and the width of the river
measured with a range finder and measuring tape (used by members on the boat as the
rangefinder cannot read out the distance toward the opposite bank at the time) were
different. It was also by the use of the rangefinder that we established the 150 meter
distance between the three cross-sections, which introduces another error in our
calculations since it was these readings that were used in the excel suite.

3. The path traversed on the river was not actually straight. The tagline available that was
supposed to guide the boat was not long enough to reach the other bank at the time. In the
calculations, the group assumed a straight path of depth measurements across the river,
with the cross section perpendicular to the flow.

4. Due to terrain restrictions mentioned previously (section 3.1.2), the elevation readings
were not made exactly along the cross section established by a line connecting the right
and left bank (with the exception of the first cross section). As a correction, we have to
project a line from the actual readings perpendicular to the line of the cross section,
marking the intersection and measuring the distance between intersections on a cross
section sheet. This was how our corrected horizontal distances were established, based on
the assumption that elevation is the same along a straight line perpendicular to the cross-
section. This, of course, does not reflect what is exactly on field and affects the

representativeness of the discharge measurement to some degree.
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5. The horizontal extent of the flood mark on the right and left banks of the first cross
section was only estimated due to accessibility issues. The flood mark on the left bank of
the same cross section, on the other hand, was not identified on site because the area was
too muddy to walk through. The group had to ask the locals who were with us on the boat
about the height of the water on the left bank, and then the group estimated the horizontal
extent visually.

6. The roughness coefficient chosen might actually be inaccurate, since it is only an
estimate done through visual inspection.

Though it was only an approximate value, the group believes that the value for discharge
at the time of the flooding obtained by slope-area method is fairly accurate.

7.2.0 MEASURING DISCHARGE WITH ACOUSTIC DOPPLER CURRENT
PROFILERS (ADCP) FROM A MOVING BOAT

The ADCP uses the Doppler Effect to determine water velocity by sending a sound pulse
into the water and measuring the change in frequency of that sound pulse reflected back to the
ADCP by sediment or other particulates being transported in the water. The Doppler Effect is the
phenomenon we experience when passed by a car or train that is sounding its horn. As the car or
train passes, the sound of the horn seems to drop in frequency. The change in frequency, or
Doppler Shift, that is measured by the ADCP is translated into water velocity. The sound is
transmitted into the water from a transducer to the bottom of the river and receives return signals

throughout the entire depth. The ADCP also uses acoustics to measure water depth by measuring

the travel time of a pulse of sound to reach the river bottom at back to the ADCP.
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7.2.1 SET-UP AND CALIBRATION

Before starting any process, the equipment was carefully assembled by mounting the
sensors and transmitter on a meter long, yellow-colored plastic vessel. After synchronizing with
a laptop computer, the ADCP was calibrated on its pitch, roll and yaw axes by actually yanking
the assembled equipment to various orientations for at least a minute. After the calibration, the
ADCP was positioned towards the left bank downstream of the bridge, coinciding with the first

cross section of the previous-day slope-area measurements of the group.

7.2.2 TECHNIQUES AND RESULTS

Before the actual discharge measurements were taken, the distance from the transducer to
the water edge on the left bank was first measured by a measuring tape and the information
relayed to the team on the bridge in charge with the user interface of the ADCP. After the gauge
height (4.65 meters) and the distance to water edge were entered on the user interface, the team
using the computer signals the team on the boat to start moving across the river, towing the
ADCP from left bank to right bank. Upon arriving at the opposite bank, the distance from the
transducer to the water edge on the right bank was also taken and relayed to the team handling
the computer. The safe distance on the other bank was also measured. This process was done
twice and vice versa. At that point, measurement was done and after a brief moment, results were
displayed on the computer. Note that no tagline was used. The gauge height at the start and end
of the method was recorded.

The ADCP actually measures the following values:

a. Location of sampling verticals 1, 2, 3,...n across the stream in reference to the
distance from an initial point;
b. Stream depth, d, at each observation vertical,
c. Stream velocity, V, perpendicular to the cross section at each observation vertical.
The results were shown graphically on the user interface. Data gathered could also be

exported to a text file, for storage or documentation.
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The group made four transects along the cross section, three of which have regions of
invalid ensembles resulting from invalid bottom tracking. The last transect (shown above) has no
invalid ensembles and was more accurate than the first three. Discharge measured at this transect

was 441.287 cubic meters per second, at gauge height equal to 4.65 m.

Depth (m)

18| Page



DISCHARGE MEASUREMENTS AT ARAYAT ATATION | 2013

7.2.3 CONCLUSION

By far, ADCP is the most convenient means of measuring discharge. Nonetheless, it has

certain drawbacks:

1.

High frequency pulses (“pings”) yield more precise data, but low frequency pulses

Highlighted portions show vertical bars below the stream bed, representing invalid ensembles resulting from invalid bottom
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tracking. Image taken from the first transect.

travel farther in the water. The discharge measurement team must make a
compromise between the distance that the profiler can measure and the precision of
the measurements. This is clearly illustrated by the black area above the stream bed in
the ADCP output picture. Although velocities were accurately measured in most
areas, the black areas show no velocity readings just above the stream bed. The
obvious solution to this is to make the frequency of the pings lower so as to maximize
the depth covered by the beam, but that would also affect the precision of the
measurements.

Setting the ADCP at higher frequencies would deplete the batteries quickly.

Just the same as with measurements by current meter while on a boat, a tagline would
greatly help in the accuracy of the data by ensuring that the measurements follow a
straight line towards the other bank. In the group’s measurement, no tagline was used.
For the river surveyor model that was used, mishaps can happen in securing the
transducer to the floater assembly. Even when fastened properly, there is still a
possibility that the transducer will fall-off because it was merely inserted and fastened
in place by a locking mechanism that does not entirely secure the whole instrument
from falling off while in transit. This may be a limitation in the design of the model
that was used.

It is expensive.
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As can be seen on the output of the ADCP, water velocities at the edges are lower
compared to the water velocities in the water column right above the thalweg. The output gives

an illustration of the distribution of velocities within the cross section.

Measurements are all done via a computer, so the human elements of error in the
calculations are eliminated. Care must be taken in the assembly, set-up, and actual traverse of the
boat so as to yield optimum results. When all these are taken into consideration, ADCP
measurements could serve as a benchmark for other traditional discharge measurements

methods. It also gives the most accurate results.

7.3.0 DISCHARGE MEASUREMENT USING CURRENTMETER

In this method, the stream channel cross section is divided into numerous vertical
subsections. In each subsection, the area is obtained by measuring the width and depth of the
subsection, and the water velocity is determined using a current meter. The discharge in each
subsection is computed by multiplying the subsection area by the measured velocity. The total
discharge is then computed by summing the discharge of each subsection. The total discharge for

the cross section would then be the sum of all the partial discharges. This is the basic idea of the

current meter method
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7.3.1 IDENTIFYING THE SEGMENTS

Measurements were done on the cross section directly below the bridge facing
downstream. At the bridge, points were established starting from the left bank where the water
edge was directly under. The group established several points where the measurements were to
be taken based on the width of the river. The cross section was sub-divided into 24 segments
having a 5 meter interval from the banks while switching to a 3 meter interval as the group
approached middle portions of the river, in anticipation of greater depths. This was done so that
the partial discharges may not exceed 10 percent of the total.

Depths at each point were then measured using an echo sounder prior to the actual
measurement of velocities. This was done in order to know beforehand the depths at which we
are required to measure velocity by 2-point method, considering the sounding reel’s cable length.
Apparently, the sounding reel available could not reach the bottom of the river as relayed by the
previous groups who had done the current meter method.

7.3.2 VELOCITY MEASUREMENTS

Yy
i ﬂ%‘r‘q F‘Eﬁv N D S —— ——
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After the locations of the verticals have been established, the price current meter was
checked for proper calibration. The bucket wheel was spun and the duration of the spinning
noted. For a well-calibrated price AA current meter, the spinning should last to 2 minutes. The
current meter available, on the other hand, was only spinning for less than a minute. This would

indicate that the price current meter was already due for calibration and maintenance.

The sounding reel was then set-up. Current meter parts were assembled by coupling the
meter and the columbus weight thru a hanger bar and attached to the cable from the sounding
reel. The depth indicator for the sounding reel and the current meter beeper (which counts every
revolution of the rotor made) were then connected to the whole assembly. The price current

meter was set to give a beep for every 5 revolutions.

The current meter assembly was positioned at the points earlier identified. The current
meter was lowered so that it aligns with the bridge road, after which the depth indicator was set
to zero. After setting to zero, the meter was again lowered down until it reached the water

surface and the corresponding depth recorded as the height of the bridge to the water surface.

After lowering the current meter up to the water surface, the depth indicator is once again
set to zero and afterwards the current meter was lowered to 20% and 80% of the depth at that
vertical, guided by the procedures of the two-point method of current meter measurements
(These depths were already predetermined by the depth measurements done with an echo
sounder prior to the velocity measurements. See section 3.3.1). The angle formed by the cable
from the normal was also measured, as these would have to be taken into consideration in
discharge calculations. The count of the current meter beeper within a 60-70 second interval was

then recorded at those depths within the vertical.

Velocity measurements are done at all the verticals identified until the whole cross

section under the bridge was covered.
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7.3.3 DISCHARGE CALCULATIONS

All the data gathered were entered in the excel suite for current meter discharge
calculations provided by our instructor, Mr Hilton T. Hernando. The program used the mid-
section method for discharge calculations and the group used the two-point method of velocity
measurement (taking velocity measurements at 0.2 and 0.8 depths). Velocity formula for the
current meter used was V=0.702N+0.013. Since the current meter was set to 1 beep per 5

revolutions, all the values for revolutions were multiplied by 5 prior to data entry. The summary

of all data and calculations are shown below.

Discharge Measurement (Current Meter) for : ARAYAT STATION River: PAMPANGA RIVER PRFFC
pmM# 03 Date: QOctober 21, 2013 Team: Group 3 FFB|
Gage Height: Start: 3.16 End: 3.11 Inst. #: I 1 Wx: Fair PAGASA
Observation Time: Start: 11:15 End: 14:42 Calibration Eqtn.: V = 0.702 N+ 0.013 note: just input negative value e
Vertical dist. to water surface (m) = 12.32 for latter if eqtn. is minus.
Total Area (m?) = 394.47 Ave. Gage Height = 3.14 Sectional Width (m) = 1175
Total Q (m¥s) = 293.42 Ave. Vel. (m/s) = 0.744
Dist. . .
from Depth | Vert. Angle Observation Depth Velocity Remarks
Initial | Width (T)?efrc;r Angle | Corrected 0.2 0.6 0.8 p;tm (ogi;& Area Q | Fele
point | (mts) | (mts.) | 4°36° Depth Rev. | Time | Rev. | Time | Rev. | Time | " [©02208 | (m?) (cumecs) | Fair, Poor
0 0
5 5 2.2 14.5 1.777 60 62.0 60 65 X 0.677 8.89 6.01
10 5 3.6 23 2.464 90 60.7 60 | 63.94 X 0.863 12.32 10.63
15 4 6 26 4.451 50 61.5 25 61.33 X 0.442 17.81 7.86
18 3 7.7 21.5 6.602 90 62.2 80 | 60.62 X 0.984 19.81 19.50
21 3.5 7.6 21 6.549 85 62.1 85 64.44 X 0.957 22.92 21.93
25 2.85 PIER
26.7 4 PIER
33 4.65 8.4 24 7.020 80 | 60.82 45 65.35 X 0.716 32.64 23.38
36 3 8.7 22 7.522 80 |[61.92 60 | 61.62 X 0.808 22.57 18.24
39 3 9.3 13.5 8.874 85 |63.71 60 | 62.39 X 0.819 26.62 21.80
42 3 8.8 9.5 8.593 80 | 64.51 65 61.63 X 0.818 25.78 21.10
45 3 8.1 6.5 8.007 80 | 63.45 50 | 65.27 X 0.724 24.02 17.40
48 3 6.6 8.5 6.442 75 [ 64.55 70 | 64.52 X 0.802 19.33 15.49
51 3 6 12.5 5.660 75 [61.17 60 65.6 X 0.764 16.98 12.98
54 3 5.3 5.300 75 [64.23 60 | 63.98 X 0.752 15.90 11.96
57 3 4.6 4.600 80 | 63.35 60 | 64.26 X 0.784 13.80 10.82
60 4 3.5 3.500 80 | 63.55 60 | 62.32 X 0.793 14.00 11.10
65 5 3.6 3.600 75 [61.99 55 61.06 X 0.754 18.00 13.57
70 5 3.3 3.300 75 |[62.48 50 | 63.29 X 0.712 16.50 11.74
75 5 2.7 2.700 75 [ 64.57 55 63.57 X 0.724 13.50 9.78
80 5 2.5 4 2.468 75 65.2 55 64.65 X 0.715 12.34 8.83
85 7.4 2.4 2.400 70 61.5 55 65 X 0.710 17.76 12.60
94.8 5.75 PIER
96.5 2.6 PIER
100 4.25 2.7 2.700 50 [61.87 30 | 63.84 X 0.462 11.48 5.30
105 5 1.2 1.200 25 | 62.54 20 | 88.39 X 0.233 6.00 1.40
110 5 0.9 0.900 0 0 X X 4.50 X
115 3.75 0.27 0.270 0 0 X X 1.01 X
A5 L X 0 0.000 0 0 X X X X
o Es® Total Area= 39447
Rem: Total Discharge = 293.42

Ave. Velocity = 0.744
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Computation of Mean Gage Height by Q weighting Process

Station : ARAYAT STATION Date : October 21, 2013
River : PAMPANGA RIVER
DM # : " 03 M.G.H. 3.12 meters
Time Ga_\ge Ave. Q.mtal Ave. G.H
( 0000 ) He|g_ht G&_\ge end_|ng at * o Remarks
Reading Height Time
1115 3.15
1200 3.12 3.135 65.93 206.69
1300 3.12 3.120 101.93 318.01
1400 3.11 3.115 97.44 303.52
1442 3.08 3.095 28.12 87.04
< <
x X
x <
x x
x X
x <
x X
x <
X x
Totals = 293.42 915.26
Mean Gage Height = 3.12 meters

Cross Section ofPampanga Riverat Arayat Station, Pampanga
along the Bridge (Downstream) Left Bank to Right Bank
Period: October 21, 2013
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The group also noted that starting at 110 meters from the origin towards the water edge of
the right bank, the current meter no longer registers a beep. Consequently, velocities at those
points were recorded as 0. The discharge at the cross section under the bridge on the downstream
side, as measured by current meter method at an average gage height of 3.14, was 293.42 cubic

meters per second.
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7.3.4 CONCLUSIONS

Discharge measurement using currentmeter can be used in low to high flows, but that

depends on the situation. It is classified as a direct method of discharge measurement.
Like any other methods, current meter method also has its drawbacks:

1. The Price AA current meter used in the activity was a vertical axis current meter. This
type of meter is prone to obstruction by rubbish that would stick either on its bucket
wheel or on the shaft where it rotates. This could hinder the rotation and consequently
give inaccurate results.

2. As mentioned earlier, the current meter may no longer register beeps at very low
velocities. This also affects the accuracy of the calculations because at very low flows,
velocity is taken as 0.

It is only optimal at depths greater than 2.5 feet (0.762 meters).

4. As with any other device, poor condition or calibration of the current meter may lead to
error in the measurements. In fact, the price meter used in the activity was due for
maintenance and/or recalibration; it failed the spin test.

5. When measuring atop a bridge, major errors are caused by the effects of the pier on the

water current. Due to turbulence, velocities near the structure were no longer measured.

Discharge measurement using currentmeter may the most versatile method, it can be
accurately calibrated, relatively quick and simple, its depth and width measurement are relatively
easy. However, it has some disadvantages that cannot be neglected such as the meter is subject to
damage, the calculation and taking changing flows take time, high velocities cause errors, and it

can put people in dangerous situation.

Generally, the discharge made by the group would have been optimum if the current meter

passed the spin test. But the computed discharge was, at best, already a good approximate.
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7.4.0 DISCHARGE MEASUREMENT USING FLOATS

In this method, the velocity of the float is equal to the distance between the cross sections
divided by the time of travel. The mean velocity of flow in the vertical is equal to the float
velocity multiplied by a coefficient that is based on the shape of the vertical-velocity profile and
relative depth of immersion of the float. Floats have limited use in stream gaging, and always
best to be used during and after flood occurrence.

7.4.1 TECHNIQUES AND MEASUREMENTS

In float method of discharge measurement, bamboo floats were prepared. Flags were
attached to one end of each bamboo. Sand was placed inside so that the bamboo would float
vertically in the river. Two points along the river were measured and identified as the starting
point and the end points. Floats are thrown into the river and the time it takes to reach a specified
distance downstream from a starting point is measured. Since a predetermined distance is known,
velocity can be measured from the travelling time. This method actually measures surface
velocity; mean velocity is then estimated by multiplying surface velocity by a correction factor.

Much like the slope-area method, this indirect method of computing streamflow is
generally applied for floods where discharge observation by current meter and ADCP is difficult.
Measurement of water depth during floods is difficult, so only water surface elevation is
recorded (or gauge height, depending on the datum used) and a cross section survey must be
conducted soon after the flood to estimate the discharge area. Since float method requires
velocity in the calculations, it has a higher accuracy compared to slope area method.
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7.4.2 MEASUREMENT OF TRANSIT TIME
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The group used the 1% and 2" cross sections in their slope area measurements as

boundaries of the actual measurement section; the approach section was about 53 meters (from
the bridge to the 1% cross section) and measurement section at 150 meters (1% to the 2" cross
section). The group was divided into two teams; the 1% team drops the bamboo floater off the
bridge and the 2™ team acts as spotters on the 1% and 2" cross sections. There must be
communication at all times during the activity since at all three points (bridge, start point, end

point), the time measured must ideally be in sync.

The team on the bridge divided the river width into five (5) unequal intervals, taking into
consideration the contracting feature of the river. It was inside these intervals that the bamboo
floaters were dropped. The team on the bridge notifies everyone that the float was dropped in a
given section, the spotter on the 1% cross section notifies everyone to start timing, and lastly, the
spotter on the 2™ cross section signals everyone to stop the time. Individual records for the start
as well as the end time were averaged, and the time elapsed computed for a given section.

There were a total of five (5) drop points and measurements were first done from the
right bank towards the left bank and the gage height for the whole duration of the first pass was

at 2.78 meters, which meant that the water level during the first set of measurements was at
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2.862 meters AMSL (0 gage height at 0.082m AMSL). The bamboo floater resurfaced at all drop

points during the first pass.

The second set of measurements was done from the left bank towards the right bank.
Unlike the first pass, however, the floater did not resurface on the 1% and 2" drop while floater
did not move at the 5™ drop. It was during this time frame that the water level at the arayat
station started to significantly reduce due to the closure of the nearby dam (cong dadong dam).

Due to the circumstances, readings on the 2" pass were disregarded during the computations.

7.4.3 DISCHARGE AREA ESTIMATES

After determining the surface velocities, the discharge area at the time of float
measurements would have to be estimated. This would be based on a survey done on the first and
second cross sections of the 150-meter measurement section, which coincidentally are the same
first and second cross sections being surveyed by another group doing the slope-area discharge
measurements. The group went with the slope-area team in surveying the river bed elevation of
the 2" cross section (by echo sounder and range finder), while the slope area team used the
depths recorded by the current meter team (on boat) to survey the river bed elevation of the 1
cross section. The group afterwards utilized the data from the survey of the 1% and 2" cross
sections done by the slope area team in determining the discharge area at the time that the

floaters were dropped.

The data from the survey of the 1% and 2" cross sections were plotted out on the cross
section excel suite provided by Mr Hilton T. Hernando. The two cross sections were closed with
a water surface elevation of 2.862 meters, which was the water elevation at the first set of float
measurements (see section 3.4.1). The corresponding depths at the five (5) intervals were then
determined from the difference between the water surface elevation and the elevation of the river
bed at a given vertical/interval. The verticals/intervals are assumed to be in the same horizontal
plane in both cross sections e.g. the first interval/vertical of the 1% cross section is aligned to the
first interval/vertical of the 2" cross section. However, because the river is contracting, the

distance from right water edge to the first vertical and the distance from left water edge to last
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vertical would not be the same for the two cross sections. This means that the two cross sections

would have different widths and intervals.

A given section area would then be computed by multiplying the distance between

verticals (interval) with the average of the depths at those verticals. There are a total of 5 sections

for each cross section. The profiles of the cross sections are detailed below.

Depth (m)

FIRST CROSS SECTION
Interval | Distance | Accumulated distance Depth [Section Area

0 0 0 0 0

1 47.17 47.17 2.452 57.83042
2 23 70.17 6.752 105.846
3 13 33.17 10.172 152.316
4 22 110.17 7.182 150.854
5 13.68 128.85 0 67.07988

1st Cross Section
Horizontal Distance (m)
1 D S @
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SECOND CROSS SECTION
Interval | Distance | Accumulated distance | Depth |Section area
0 0 0 0 0.00
1 26.8 26.8 0.942 12.62
2 18 44.8 1.532 22.27
3 18 62.8 2.572 36.94
4 22 84.8 3.402 65.71
5 22 106.8 0 37.42
2nd Cross Section
Horizontal Destance{m)
0 20 a0 a0 an 100 120
0 - & 8- L - :
0.5
1 .
T 15
-
25
3 -
3.5
4 |

744 DISCHARGE CALCULATIONS

After the areas at the time of velocity measurements have been determined for each
subsection and in every cross section, the discharge can then be calculated. The velocity of the
floats would be equal to the distance traversed (150 meters) divided by the time elapsed. The
correction coefficient used to determine the average velocity was 0.92. The summary of the

computations is shown on the next page.
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Result of Discharge Observation By Float

o Travelling Time (Velocity of Float , .. | Corrected Velocity DividedArea (s, meters) | Divided Q
Measuring Line |Time of Drop Correction Coefficient , , (cu. meters
(sec) (mfs) (mfs) Section 1|Section 2| Ave Area

per second)

1 11:00AM 13207 0.0 092 0.19 | 57.83042 | 12.6228 | 35.22661 6.64

2 11:15AM 198.95 0.75 092 069 | 105.846 | 22.266 | 64.05 [IyiE;

3 1120AM | 215605 0.70 092 064 | 152316 | 36.936 | 94.626 60.5

4 11:25AM 194.3 077 092 0.71] 190.894 | 65.714 | 128.304 91.16

5 11:30AM 190.63 0.79 092 0.72|67.07988 | 37.422 |52.25094 3.8

Total Discharge 240.62

The computed discharge by float method, at 2.78 gage height, was 240.62 cubic meters

per second.

745 OBSERVATIONS AND CONCERNS

At the first drop point at the right bank, the flow was almost stagnant; the float in the first
section took the longest time to traverse the whole 150 meter measurement section. In fact,
during the second pass/measurement, the float did not move at all. This may be due to lower

depths directly below the first drop point, lower velocities in that section, or both.

The second set of measurements was not considered for discharge calculations anymore
because only 2 out of the 5 floats that were dropped gave reliable results. The 1% drop from the
right bank did not show up on the surface, the second did show up but was upturned by the
tagline at the first cross section and sank, and finally, the float did not move at the last drop point
for the second set of measurements. It was also during these set of measurements that the gage
height reduced significantly because of the irrigation dam that diverted the flow from the main

river.

From these, the group concluded that discharge measurements by float method would not

give the best results at low flows.
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There were also issues regarding the track that the float follows as it traverses from the
approach section and across the measurement section. The float does not follow a straight path
and tends to go toward the adjacent subsection. This was especially pronounced at the first drop
in the first set of measurements (first drop at the right bank) where the float significantly changed
its course, going toward the second subsection instead of following a straight path from drop
point. It was hard to ascertain whether it did enter the second subsection, but for ease in
discharge calculations, it was assumed that all the floats went downstream in a straight line and
within the subsection where it belongs.

7.4.6 CONCLUSION

Discharge measurements done via float method are optimal at medium to high flows.
Like the slope-area method, it is an indirect method of computing discharge which can be best
applied during flood events or at relatively high flows. It follows a simple and inexpensive way
of measuring velocities, though a cross section survey would have to be done to estimate the

discharge area so as to complete the discharge calculations.

It is less effective during low flows, where the floats (especially those of the stick-type
like the bamboo used in the activity) have a high chance of being stocked on the river bed upon
dropping. If the reach experiences very turbulent flow between points of measurement, the float

could drastically change course, affecting the discharge measurements.

8.0 CONCLUSION ON THE VARIOUS METHODS OF DISCHARGE
MEASUREMENTS

There are obviously different methods for computing discharge, as described in the
previous sections. Each has their own merits and drawbacks. It would depend on the discharge
measurement team’s discretion on what method to use that would best suit the scenario at the

time of measurement.

For instance, at the time of flooding, the most reasonable method to use would be the

float method. A current meter used in that scenario, if it can be used at all, would easily be
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destroyed. It would also be too much of a risk to use expensive equipment such as the ADCP in
those situations. Even the float method has its drawbacks at high flows; the float can easily be
lost from all the debris carried by floodwaters and also due to high turbulence. In the situations
that cannot be covered by float-method, slope-area measurements are the best alternative in
estimating discharge during flood events; the only drawback would be the tedious nature of

survey work.

In scenarios other than flood events, measurements by current meters and ADCP’s are the
best methods to use. The ADCP gives the most accurate results with proper set-up, although

current meters are the best, less costly alternative.

There is a method available for almost all scenarios. The decision on what to use for a

given situation would depend on the judgment of the discharge measurement team.
9.0 DEVELOPMENT OF A RATING CURVE, EQUATION AND TABLE

One of the goals of discharge measurement is to establish a rating curve defined by
measured discharges at various water surface elevations. Based on actual discharge data, an
equation can be formulated that would best describe the observations in such a way that if the
equation would be plotted out in a graph, the curve that forms “best-fit” the distribution of the
data. With a rating equation, a hydrologist can estimate discharges at various water levels, even
those water elevations not present in the actual data. The discharge for every water level, based
on the rating equation, is then presented in a rating table. This would then serve as a guide for the

hydrologist.

In the following sections, a rating curve will be established. Values for discharge at
various levels of elevation are computed through an excel suite provided by Mr Hilton

Hernando, which is based on manning’s equation.
9.1 CROSS SECTION SURVEY

The cross section directly under the bridge on the downstream side will be used in
estimating the discharge at various levels. For that, the elevation profile of the ground below the
bridge would be needed. With the use of a sounding rope, group 1 of the HTC class did the
survey for the area, measuring distances from the bridge railing to the ground below.
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PAMPANGA RIVER BED PROFILING
Arayat, Pampanga
Bridge Measurements:
Start Time: 1342 HH
End Time 1405 HH Heigth of Railing to Curb: 0.75m
Date: Oct. 23, 2013 Height of Curb to Ground Level: 0.16m

Measurements are taken from Top of the Bridge Railing, Left To Right of the Banks.

Accumulated
Station Interval Depth (m) Accumulated Remarks Station Interval Depth (m) Horizontal Length Remarks
Horizontal Length (m) (m)

0 0.91 0 top of dike 6.2 14.18 158.34
3.8 7.6 3.8 Foot of dike 5 13.36 163.34
4.54 7.8 8.34 5 12.22 168.34

5 7.8 13.34 5 10.95 173.34

5 7.97 18.34 2.5 10.41 175.84

5 7.97 23.34 2.5 9.93 178.34

5 7.89 28.34 5 9.91 183.34

5 9.26 33.34 5 9.91 188.34

5 10.4 38.34 5 8.87 193.34

5 11.17 43.34 5 9.16 198.34
6.2 14.55 49.54 Left Water Edge 5 9.33 203.34
3.8 15.57 53.34 5 9.33 208.34

5 16.86 58.34 5 9.33 213.34

5 19.88 63.34 5 9.33 218.34

5 21.63 68.34 5 9.33 223.34

10 21.57 78.34 Edge of Pier 5 9.59 228.34

5 21.94 83.34 5 9.56 233.34

5 22.48 88.34 5 9.56 238.34

5 20.7 93.34 10 9.46 248.34

5 19.39 98.34 5 9.71 253.34

5 18 103.34 5 9.63 258.34

5 17.63 108.34 5 9.05 263.34

5 16.99 113.34 5 7.9 268.34

5 16.79 118.34 5 7.77 273.34

5 16.39 123.34 5 7.4 278.34 Foot of dike

5 15.97 128.34 14 0.91 292.34 top of dike

5 16.02 133.34

5 16.51 138.34

5 16.84 143.34

5 15.78 148.34

3.8 14.83 152.14 Right Water Edge

PAMPANGH RIVER CROSS SECTICN
SAN AGUSTIN BRIDGE, ARAYAT PAMPANGA
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The survey did by group 1 measured only the distance from bridge railing to ground; the
discharge calculations require ground elevation. To convert the given depths to MSL elevations,
the MSL elevation of the bridge curb measured by group 4 was taken into account. The bridge
curb was at 15.562 meters AMSL, and adding the height of the railing from the curb (0.75
meters), the MSL height of the bridge railing was at 16.312 meters. The difference between this

value and the corresponding depths give out the elevations of the ground below the bridge.

The resulting data are the entered on a cross section excel suite that computes for width,
area, wetted perimeter and hydraulic radius for a given water surface elevation. Note that in this

survey, the bridge was assumed to be straight with no piers obstructing the river.

9.2 DISCHARGE ESTIMATION

Date: Oct. 23, 2013
mean wetted
station distance elevation water sfc. depth depth area erimeter remarks
0.00 MM 15402 15.40  0.00 N
3.80 3.80 8.712 15.40 6.69 3.35 12.71 7.69
8.34 4.54 8.512 15.40 6.89 6.79 30.83 4.54
13.34 5.00 8.512 15.40 6.89 6.89 34.45 5.00
18.34 5.00 8.342 15.40 7.06 6.98 34.88 5.00
23.34 5.00 8.342 15.40 7.06 7.06 35.30 5.00
28.34 5.00 8.422 15.40 6.98 7.02 35.10 5.00
33.34 5.00 7.052 15.40 8.35 7.67 38.33 5.18
38.34 5.00 5.912 15.40 9.49 8.92 44.60 5.13
43.34 5.00 5.142 15.40 10.26 9.88 49.38 5.06
49.54 6.20 1.762 15.40 13.64 11.95 74.09 7.06
53.34 3.80 0.742 15.40 14.66 14.15 53.77 3.93
58.34 5.00 -0.548 15.40 15.95 15.31 76.53 5.16
63.34 5.00 -3.568 15.40 18.97 17.46 87.30 5.84
68.34 5.00 -5.318 15.40 20.72 19.85 99.23 5.30
78.34 10.00 -5.258 15.40 20.66 20.69 206.90 10.00
83.34 5.00 -5.628 15.40 21.03 20.85 104.23 5.01
88.34 5.00 -6.168 15.40 21.57 21.30 106.50 5.03 Thalweg
93.34 5.00 -4.388 15.40 19.79 20.68 103.40 5.31
98.34 5.00 -3.078 15.40 18.48 19.14 95.68 5.17
103.34 5.00 -1.688 15.40 17.09 17.79 88.93 5.19
108.34 5.00 -1.318 15.40 16.72 16.91 84.53 5.01
113.34 5.00 -0.678 15.40 16.08 16.40 82.00 5.04
118.34 5.00 -0.478 15.40 15.88 15.98 79.90 5.00
123.34 5.00 -0.078 15.40 15.48 15.68 78.40 5.02
128.34 5.00 0.342 15.40 15.06 15.27 76.35 5.02
133.34 5.00 0.292 15.40 15.11 15.09 75.43 5.00
138.34 5.00 -0.198 15.40 15.60 15.36 76.78 5.02
143.34 5.00 -0.528 15.40 15.93 15.77 78.83 5.01
148.34 5.00 0.532 15.40 14.87 15.40 77.00 5.11
152.14 3.80 1.482 15.40 13.92 14.40 54.70 3.92
158.34 6.20 2.132 15.40 13.27 13.60 84.29 6.23
163.34 5.00 2.952 15.40 12.45 12.86 64.30 5.07
168.34 5.00 4.092 15.40 11.31 11.88 59.40 5.13
173.34 5.00 5.362 15.40 10.04 10.68 53.38 5.16
175.84 2.50 5.902 15.40 9.50 9.77 24.43 2.56
178.34 2.50 6.382 15.40 9.02 9.26 23.15 2.55
183.34 5.00 6.402 15.40 9.00 9.01 45.05 5.00
188.34 5.00 6.402 15.40 9.00 9.00 45.00 5.00
193.34 5.00 7.442 15.40 7.96 8.48 42.40 5.11
198.34 5.00 7.152 15.40 8.25 8.11 40.53 5.01
203.34 5.00 6.982 15.40 8.42 8.34 41.68 5.00
208.34 5.00 6.982 15.40 8.42 8.42 42.10 5.00
213.34 5.00 6.982 15.40 8.42 8.42 42.10 5.00
218.34 5.00 6.982 15.40 8.42 8.42 42.10 5.00
223.34 5.00 6.982 15.40 8.42 8.42 42.10 5.00
228.34 5.00 6.722 15.40 8.68 8.55 42.75 5.01
233.34 5.00 6.752 15.40 8.65 8.67 43.33 5.00
238.34 5.00 6.752 15.40 8.65 8.65 43.25 5.00
248.34 10.00 6.852 15.40 8.55 8.60 86.00 10.00
253.34 5.00 6.602 15.40 8.80 8.68 43.38 5.01
258.34 5.00 6.682 15.40 8.72 8.76 43.80 5.00
263.34 5.00 7.262 15.40 8.14 8.43 42.15 5.03
268.34 5.00 8.412 15.40 6.99 7.57 37.83 5.13
273.34 5.00 8.542 15.40 6.86 6.93 34.63 5.00
278.34 5.00 8.912 15.40 6.49 6.68 33.38 5.01
292.34 14.00 15.402 15.40 0.00 3.25 45.43 15.43
Total Width 292.34
Total Area 3363.893
WwW. P (P) 302.21

Hydraulic
35 | P megive ® 11.13098
Mean sect.
Depth 11.50678
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The table on the previous page shows the summary of the elevation profile of the whole

cross section, enclosed with a water surface elevation equivalent to the elevation of the bridge

railing in order to compute for the width, total area, wetted perimeter, and hydraulic radius when

the water reaches the bridge railing. Computations for the mentioned parameters are repeated at

other water surface elevations using the cross section sheet. There will be various values of these

parameters for a whole range of water elevation, which are then entered in another excel suite

that estimates discharge. The group’s calculations are summarized below.

Elevation of "0" of S.G.=
n= 0.030

Elevation Equivalent
MSL (m) G.H.(m)

15.40
15.00
14.00
13.00
12.00
11.00
10.00
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.50
-1.00
-2.00
-3.00
-4.00
-5.00

15.402
15.000
14.000
13.000
12.000
11.000
10.000
9.000
8.000
7.000
6.000
5.000
4.000
3.000
2.000
1.000
0.500
-1.000
-2.000
-3.000
-4.000
-5.000

Area
a(m?

3363.89
3247.38
2956.91
2670.61
2385.26
2104.14
1824.65
1548.21
1291.18
1053.37
902.84
769.53
643.90
525.10
412.62
310.25
262.09
163.04
110.61
72.23
39.10
11.85

Width
w (m)

292.34
291.50
288.60
286.30
283.15
281.00
278.00
275.30
236.10
162.40
137.90
128.20
122.10
116.30
108.00

98.00

93.50

56.40

40.90

36.90

30.70

25.00

Pampanga River @ Arayat

(based on cross-section undertaken on October 2013)

0.000 m.(AMSL)
1= 0.000145

W.P.

S
302.21
300.97
297.38
294.09
290.25
287.13
283.48
279.97
240.54
166.46
141.81
131.89
125.45
119.21
110.58
100.34

95.73
57.80
42.35
37.84
31.30
25.27

9.3 THE RATING EQUATION

hyd radius
r
11.13
10.79
9.94
9.08
8.22
7.33
6.44
5.53
5.37
6.33
6.37
5.83
5.13
4.40
3.73
3.09
2.74
2.82
2.61
191
1.25
0.47

Discharge Remarks

Q (cumecs)

6731.22 bank full/ level with bridge road
6364.56
5488.03
4665.80
3898.89
3186.39
2534.26
1943.30
1588.87
1446.52
1244.84
1001.07
769.04
566.34
398.45
264.30
205.88
130.64
84.20
44,61
18.20

2.87 1.168m from thalweg (thalweg @ 6.168 below MSL)

From the previous calculations, a set of stage and discharge are now available for the

whole range of the cross section. This time, the H-Q values are entered on another excel suite

that computes for the rating equation. Shown on the next page are the H-Q values used for the

rating equation computations.
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Rating Curve Developmentfor...... .. Pampanga River
Measuring Station: Arayat Station
Drainage Area: " 6487
River: Pampanga River
Location: San Agustin Bridge, Arayat, Pampanga
Elev. S.G."0" rdg.= 0.000 |meters

Meas. # |Day Month Year S.G.(m) Q(m®/sec)|Remarks

15.402| 6731.219
14.000| 5488.026
13.000| 4665.799
11.000| 3186.386
10.000| 2534.263
9.000| 1943.296
8.000| 1588.867
7.000| 1446.523
6.000| 1244.836
5.000| 1001.068
4.000| 769.036
3.000| 566.342
2.000| 398.449
1.000( 264.299
0.500| 205.881
-1.000| 130.644
-2.000 84.195
-3.000 44.612
-4.000 18.203
-5.000 2.871

After the H-Q Values are entered, the value for Ho (elevation of zero flow) would have to

be determined by trial and error on the “rat” tab of the same excel suite:

Summary testforHo . ... ..

Ho a b X2
7.50 0.26]  3.230] 159.0038| Minimum X2~
7.39] 031 _ 3.100| 157.7758
7.28] __ 0.36] _ 3.140| 160.9545
7.17] __ 0.42] _ 3.090] 169.2081
7.06] 049 _ 3.039] 183.3305
6.95] 058 _ 2.086| 204.2726
6.84] __ 0.68] _ 2.933| 233.1833
6.73] 0.8l _ 2.879| 271.4649
6.62] 096 _ 2.824] 320.8478
651 1.14] _ 2.767| 383.4949
6.40] __ 1.35] _ 2.708| 462.1486
6.29] _ 162] _ 2.648] 560.3451
6.18] _ 1.04]  2.586| 682.7326
37|Page 6.07] 234 _ 2521] 8355621
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The value for Ho with the least chi square value would then be chosen as the Ho value in
the final equation. In our group, Ho is equal to -7.39 by trial and error. This is then entered back

on the previous sheet, under the “Assumed Ho” cell.

Assumed Ho = meters

S.G(.H()elev. H-Ho Log()l; Ho Log Q () 2 Xy

15.402 22.792 1.358 3.828 1.844 5.198

14.000 21.390 1.330 3.739 1.769 4.974

13.000 20.390 1.309 3.669 1.715 4.804 = 20.000

11.000 18.390 1.265 3.503 1.599 4.430| X2 (¥ = 20.237

10.000 17.390 1.240 3.404 1.538 4.222| X (Y)= 54.273
9.000 16.390 1.215 3.289 1.475 3.994| X (%) = 21.930
8.000 15.390 1.187 3.201 1.410 3.800| 2 (XY)= 59.554
7.000 14.390 1.158 3.160 1.341 3.660

6.000 13.390 1.127 3.095 1.270 3.488| Xpar = 1.012
5.000 12.390 1.093 3.000 1.195 3.280| Ypar = 2.714
4.000 11.390 1.057 2.886 1.116 3.049|(Z(X)*= 409.529
3.000 10.390 1.017 2.753 1.034 2.799

2.000 9.390 0.973 2.600 0.946 2529 br= 3.190
1.000 8.390 0.924 2.422 0.853 2237 ar= -0.514
0.500 7.890 0.897 2.314 0.805 2.075|a = 10" = 0.306
-1.000 6.390 0.806 2.116 0.649 1.705| b=b"= 3.190
-2.000 5.390 0.732 1.925 0.535 1.409

-3.000 4.390 0.642 1.649 0.413 1.060

-4.000 3.390 0.530 1.260 0.281 0.668

-5.000 2.390 0.378 0.458 0.143 0.173

After this, the completed equation will be shown:

Meas. # Day Month Y ear S.G.(Mm) Q(m3/sec)|Remarks

15.402| 6731.219

14.000| 5488.026

13.000| 4665.799

11.000| 3186.386

10.000| 2534.263

9.000| 1943.296

8.000| 1588.867

7.000| 1446.523

6.000| 1244.836

5.000| 1001.068

4.000 769.036

3.000 566.342

2.000 398.449

1.000 264.299

0.500 205.881

-1.000 130.644

-2.000 84.195
-3.000 44.612
-4.000 18.203
-5.000 2.871
Q= 0.306 [H-( -7.39 )] s.100 |

7

The Rating Curve
Equation 1!
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The rating curve equation, from the given set of stage-discharge values, is:

Q = 0.306 (H+7.39)>1%

9.4 THE RATING TABLE

After the rating curve equation has been computed, a rating table can be made. This is
done on another excel suite that specifically creates a table based on the equation. The constants
of the equation and gage height range are entered in the excel file, after which, it automatically

gives the table:

Rating Table for: Arayat Date: October 23, 2013
River: Pampanga Location: San Agustin, Arayat, Pampanga
Elevation of S.G. "0" reading: 0

Rating Curve Equation Coefficients: a=  0.306 Ho= -7.390 br= 3.190

Range of G.H.: Min. G.H. = 0 Max. possible G.H.= 11.00

Remarks: readings based on MSL

G.H.(m)| 0.00 | 001 | 002 | 003 [ 0.04 005 | 006 [ 007 | 008 | 0.09
0.0 | 18059 181.37 182.16 182.94 183.73 | 18452 18531 186.11 186.90 187.70
0.1 | 18850 189.31 190.11 190.92 191.73 | 192.55 193.36 194.18 195.00 195.82
0.2 | 196.65 197.48 198.31 199.14 199.97 | 200.81 201.65 202.49 203.34 204.18
0.3 | 205.03 205.89 206.74 207.60 208.46 | 209.32 210.18 211.05 211.92 212.79
0.4 | 213.66 21454 21542 216.30 217.18 | 218.07 218.96 219.85 220.74 221.64
0.5 | 222.53 22344 224.34 22524 226.15 | 227.06 227.98 228.89 229.81 230.73
0.6 | 231.66 23258 233.51 234.44 23538 | 236.31 237.25 238.19 239.14 240.08
0.7 | 241.03 241.99 242.94 243.90 244.86 | 245.82 246.78 247.75 248.72 249.69
0.8 | 250.67 251.64 252.62 253.61 254.59 | 255.58 256.57 257.57 25856 259.56
0.9 | 260.56 26157 262.57 263.58 264.59 | 265.61 266.63 267.65 268.67 269.69
1.0 | 27072 27175 272.79 273.82 274.86 | 275.90 276.95 277.99 279.04 280.09
1.1 | 281.15 28221 283.27 284.33 28540 | 286.47 287.54 288.61 289.69 290.77
1.2 | 291.85 29294 294.02 29511 296.21 | 297.30 298.40 299.50 300.61 301.72
1.3 | 302.83 303.94 305.06 306.17 307.30 | 308.42 309.55 310.68 311.81 312.95
1.4 | 314.08 31523 316.37 317.52 318.67 | 319.82 320.97 322.13 323.29 324.46
1.5 | 325.63 326.80 327.97 329.14 330.32 | 331.50 332.69 333.88 335.07 336.26
1.6 | 337.45 338.65 339.85 341.06 342.27 | 343.48 344.69 34591 347.13 348.35
1.7 | 34957 350.80 352.03 353.27 354.51 | 355.75 356.99 358.23 359.48 360.74
1.8 | 361.99 363.25 364.51 365.77 367.04 | 368.31 369.58 370.86 372.14 373.42
1.9 | 37471 37599 377.29 37858 379.88 | 381.18 382.48 383.79 385.10 386.41
2.0 | 387.73 389.04 390.37 391.69 393.02 | 394.35 395.68 397.02 398.36 399.71
2.1 | 401.05 402.40 403.75 405.11 406.47 | 407.83 409.20 410.57 411.94 413.31
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9.5 OTHER CONSIDERATIONS

The values in the rating table follow closely to the H-Q values that were supplied. Upon

further inspection, it can be seen that the values for discharge for a given level varies greatly

when compared to actual discharge measurements outlined in the previous sections. This may be

due to the many assumptions considered at the start:

1.

The H-Q values used in the formulation of the rating equation are in themselves only
estimates computed based on manning’s equation. The error may have been magnified
when the rating curve equation and the rating table are computed.

The bridge was assumed to be straight. In reality, the bridge’s elevation varies in certain
sections.

The bridge was assumed to have no piers when it fact, it does. Piers affect water velocity
surrounding its perimeter, and consequently, also affect discharge to a certain degree.
Only the elevation of the river bed without the pier was considered.

The roughness coefficient used may have been inaccurate.

There might have been an error in evaluating the Ho. Since this was done by trial and

error, other values for Ho that were not tried might have given closer results.

This section illustrates how rating curve equations are formulated and how rating tables

are computed. If the values entered in the rating curve equation excel suite were actual discharge

measurements on field, the resulting table will yield more accurate and reliable results.
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10.0 FIELD VISITS

The fieldtrip/ fieldwork activities were made for ten days, and since the actual fieldwork
was only good for four days, most of the time was spent on field visits. These areas being visited
had a huge relation to the field of hydrology. It was somehow very relevant to the Hydrologists

Training Course.

10.1 LA MESA DAM (October 15, 2013)

The La Mesa Dam (14°4329"N, 121°5'11"E) in Quezon is part of the Angat-lpo-La
Mesa water system, which supplies most of the water supply of Metro Manila. The La Mesa
Dam is an earth dam whose reservoir can hold up to 50.5 million cubic meters occupying an area
of 27 square kilometers. The water collected in the reservoir is treated on-site by the Maynilad
Water Services, and at the Balara Treatment Plant further south by the Manila Water.

The visit in La Mesa Dam put an end to some of my questions about how a dam is
operated and supplies quality water to the community, as lectured by the staff of the dam. It was
then that | discovered the importance of its operation and maintenance, being aware of its use for

some areas in Metro Manila.
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10.2 PANTABANGAN DAM (October 19, 2013)

Pantabangan Dam, an earth-fill embankment dam on the Pampanga River located
in Pantabangan, Nueva Ecija, is a multi-purpose dam that provides water for irrigation
and hydroelectric power generation while its reservoir, Pantabangan Lake, affords flood control.
Itis 351 feet tall and 5,299 feet long and designed to withstand intensity 10 earthquakes. It can ir
rigate a maximum of 102,000 hectares of agricultural lands, benefiting the farmers.

The visit in Pantabangan Dam has specified a lot of information and knowledge about its
use, operation and maintenance. The dam provides livelihood for the town as it is a good source
of fish products.

It is also best for recreational activities and one of the destinations for fieldtrips and educ
ational tours. Pantabangan Dam has a flood forecasting station that always monitors the water
level in the dam and in the upstream rivers. However, there were some instruments that weren’t
working. Unlike the La Mesa Dam, the Pantabangan Dam has 3 spillway gates. Whenever the
forecast of the water level reaches the critical level, water must be released before the actual
event happens to avoid casualties. The forecasting station is also the one who notifies the

community regarding any flooding events that may happen.
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10.3 CONG DADONG DAM (October 21, 2013)

Cong Dadong Dam (15°11'2"N, 120°46'32"E), located upstream of the Pampanga River,
diverts the waters from the Pampanga and Rio Chico Rivers to the canals leading to farms in
Arayat, Sta ana, San Luis, Candaba, San Simon and Apalit Towns. When the huge gates of the
dam are closed, water passes through the left side of dam then to the canals and causes the drop
of water level of the streams below the dam. These waters are used for the irrigation system of
Province. A fish ladder was also installed just after the gates as another source of living.
Whenever the gates of the dam are closed, for irrigation purposes, the water level downstream of
the dam lowers.

The visit in Cong Dadong Dam was indeed an actual educational tour in such a way that the
entire area was explored by us and put us into a feeling of amusement. It was that day that we
came to a realization that the dam worth 3.4 billion pesos, designed to irrigate 10,270 hectares of
farms in seven eastern towns, and was named after President Diosdado Macapagal. The visit is
somehow relevant to hydrology by just observing the environment of the dam area, and how it

was estimated and built for a great purpose.

10.4 MDRRMC CALUMPIT, BULACAN (October 23, 2013)

The visit in Calumpit, Bulacan to explore its well-known Municipal Disaster Risk
Reduction and Management Council was very significant. | can see the passion of the staffs and

volunteers, and how they discipline and train themselves for a hazard response. They have their
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own excellent way on the awareness, preparation and response for a calamity. Trained response
team was sent to seminars and educational activities and they have an outstanding excel
application for hazard assessment and dissemination. The MDRRMC of Calumpit, Bulacan is
one of the best MDRRMC in the country.

10.5 ANGAT DAM (October 24, 2013)

‘l 8 1;:.( 'I

Angat Dam (14°54'29"N, 121°9'36"E), located in Barangay San Lorenzo, Norzagaray,

1]

Bulacan, is a concrete water reservoir embankment hydroelectric dam that supplies the Manila
metropolitan area water. The reservoir supplies about 90 percent of raw water requirements for
Metro Manila through the facilities of the Metropolitan Waterworks and Sewerage System and it
irrigates about 28,000 hectares of farmland in the provinces of Bulacan and Pampanga. The
height of the dam is 131 meters its length had 568 meters, and base width of 550 meters. The
Angat reservoir had a Capacity of 850 million cubic meters of water.

The visit in Angat Dam clarifies my doubts on its operation and management. The dam
does not only supply the water needs of Metro Manila and other Provinces but is also a
hydroelectric generating plant it had 10 vertical shaft, using Francis type water turbine that
Includes turbines from the main powerhouse and the auxiliary powerhouse that generates
capacity of 256,000 kW of electricity. Just like other dams, the visit in Angat Dam was very

relevant to the field of hydrology and very informative in one way or another.
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10.6 BACOLOR CHURCH

Bacolor Church is one of the oldest and largest churches in the Philippines, located in the
former Philippine capital (Bacolor). It was constructed by the Augustinian friars in 1576 on the
lot of Don Guillermo Manabat, a rich landlord believed to be the founder of Bacolor. The church
wa restored by Fr. Manuel Diaz in 1897. It has a central nave and well-lighted transept with
windows. The main retablo, side retablos and pulpit are gilded with golf leaf. The richness of the
docoration of Bacolor church depicts advanced stage of baroque adn rococo. In spite of the 1991
eruption of Mt. Pinatubo which half-buried the church on October 1, 1995, the structure is still
being used as place of worship. It was already a world renowned tourist destination prior to the
lahar tragedies; now more tourists flock to the church which remaining features are being
preserved and maintained.

The visit in Bacolor Church is not somehow related to hydrology, but it was good of the
HTC and PRFFWC staffs to remember and include God in this 10-day field activities.

N
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11.0 FIELDTRIP/FIELDWORK EVALUATION

The entire fieldwork was very necessary to the training course and very useful and
relevant in preparation and training to be the country’s future hydrologists. The day to day
scheduled activities may not be flawless, as all things are subjected to different mistakes, it was
indeed one of the best and most exciting part of HTC that covers up the basic applications and
information of the nature of works of the hydrologists. Therefore, I recommend fieldwork
activities and fieldtrips for the training courses of PAGASA in the future.
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