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Introduction

Purpose and General Description of Topographic Survey

The purpose of the topographic survey is to produce the topographic data and
products required for a feasibility study on the Project comprising the Kaliwa Low
Dam, Agos Dam and Reservoir, and the Kaliwa-Taytay Waterway connecting the
Kaliwa River basin and the Taytay Service Reservoir located adjacent to the central
part of Metro Manila. The topographic survey carried out in this Study includes
the following:

*  Ground control survey for photogrammetric mapping,

» Installation of new bench marks and control points,

*  Aecrial photography,

*  Photogrammetric mapping at scales of 1:2,000 and 1:5,000,

*  River cross section survey in the lower reach of the Agos River,

*  Collection of latest information of distribution of housings in the planned
Agos Reservoir area, and

*  Collection of general information of land classification in the planned Agos
Reservoir area.

Survey Area and Survey Period

The areas covered by the topographic survey are shown in Figure Al.l. The
topographic survey was conducted by entrusting it to the local contractor,
CERTEZA, on a local contract basis. Most of the field survey works were
completed by the end of August 2002 under the supervision of the JICA Study
Team and the subsequent office works including the phtogrammetric mapping
works were completed within the 2™ Field Investigation period lasting up to the
early October 2002.

Basic Datum for Surveying

The following basic datum for surveying was applied to the topographic survey:

1) Spheroid . Clarke 1866

2) Map projection : The Philippine Transverse Mercator (PTM) Grid
System

3) Coordinates :  National Coordinates System established by NAMRIA
(PRS’92)

4) Vertical datum :  National Elevation System established by NAMRIA

5) Unit of measurement : Metric System
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Survey Method

Background

The aerial photography for the survey area had been attempted since the beginning
of February 2002, but during the dry season of 2002 there were very few
occurrences of bright and clear weather or good conditions which enabled the aerial
photography needed to prepare the topographic maps by the photogrammetric
method. The weather condition was always rainy or cloudy in and around the
Project Area. Although the attempts for the aerial photography were carried on up
to June 15, 2002 when the dry season usually ends in the Agos River Basin, there
were not enough bright and clear days to complete the aerial photography. Since
the rainy season had already started so that there was no more possibility of
accomplishing the aerial photography as originally planned, the JICA Study Team
decided to give up further attempts of the aerial photography.

The aerial photography work therefore was not fully completed during the 2™ Field
Investigation. As a result, the lack of aerial photographs made it unable to prepare
the topographical maps in accordance with the originally planned methods and
procedures. The areas covered with the new photographs at a photo scale of
1:10,000 taken in the topographic survey are shown in Figure A2.1. As seen in
the Figure, a large portion of the Kaliwa-Taytay Waterway route up to the Taytay
Service Reservoir with the exception of the easternmost part of the Tunnel No.1
was covered by the new aerial photographs taken in this topographic survey.
Likewise, the new photographs also could cover a portion of the Kaliwa River from
the Daraitan village to the upstream part. On the other hand, the Agos River Basin
was not fully covered thereby due to the long-lasting bad weather condition,
although the new aerial photographs could cover the Agos mainstream area
including the Agos Dam site and Afterbay Weir site.

Besides, new aerial photographs could not be taken for a large part of the lower
Agos or Infanta Peninsula as well as the Agos Reservoir area consisting of the
Kanan River Basin upstream of the Agos Dam site and the Kaliwa River Basin.
Concerning the Kaliwa-Taytay Waterway route, the approximately 7km long
section of the Tunnel No.l from the Kaliwa Low Dam/Intake Site was also
deficient of new aerial photographs taken in the topographic survey as shown in
Figure A2.1 as mentioned above.

In order to make up for the deficiency of the new aerial photographs, it was needed
to work out and adopt the alternative topographic survey methods to acquire the
topographic maps that were required for the subsequent study works for the
Feasibility Study.

Alternative Methods Adopted

The following alternative methods for acquiring the topographic map were
introduced and some topographic survey works were additionally carried out from
the originally planned ones:



Annex A Topographic Survey

(1) Outline of Alternative methods

(1) Existing aerial photographs from different sources, as far as they were
available, were used for preparing the topographic maps in order to make up
for the deficiency of the new aerial photographs. Figure A2.1 indicates the
principal points of the following two kinds of existing photographs used to
prepare the new topographic maps for the Feasibility Study:

* Aecrial photographs at a scale of 1:25,000 taken in 1995 that were
obtained from NAMRIA to cover the lower Agos or Infanta
Peninsula,

* Aecrial photographs at a scale of 1:10,000 taken in 2000 that were
obtained from CERTEZA to cover the Antipolo area

(i) For areas not covered by either the new and existing photographs, the
existing maps at a scale of 1:5,000 prepared in the previous studies carried
out by NPC in 1980 and 1992 were used to prepare the topographic maps by
digitizing the contour lines and other topographic features indicated on the
1:5,000 scale maps.

(ii1) In areas without photographs nor existing topographic maps at a scale of
1:5,000, the existing NAMRIA maps at a scale of 1:50,000 were used to
prepare the topographic maps.

(2) New Work Items

(1) Undertake the photography and investigation for the distribution of housings
in the Agos Reservoir area by helicopter and ordinary camera.

(i) Land classification mapping by SPOT Satellite data
(ii1) Additional control points survey at Kaliwa Low Dam/Intake site
(iv) Clarification of difference between NAMRIA datum and NPC datum

(v) Rearrangement of contour lines

3) Modification of Survey Work Quantity

The topographic survey work quantities were also modified from the originally
planned quantities as shown in Table A2.1.
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A3 Ground Control Survey for Photogrammetric Mapping
A3.1 Traverse Survey
A3.1.1 Method

Traversing was carried out in order to precisely measure the coordinates of the
bench marks/control points and pre-marking points. These points were connected
to the existing national control points. The traverse survey to determine the
horizontal coordinates was performed using the Global Positioning System (GPS)
equipment. The specifications of GPS receiver used for the traversing are as

follows:
a) Type of GPS receiver : Dual or single frequencies type
b) Accuracy of GPS receiver : +/-(10mm+2ppm x D), where D is a distance

of baseline in km.

The GPS observation method is as follows:

a) The GPS observation was carried out simultaneously at more than three (3)
points.

b) The only satellites with a vertical angle of more than 15° to 30 ° were
observed.

c¢) The GPS observation was continued for more than 2 hours for 4 satellites or
1.5 hours for more than 5 satellites.

d) The GPS observation was done at least for a common baseline of each
session.

e) Heights of the bench marks/control points were obtained to meet the
accuracy of the third level order by the direct leveling using auto level or by
the indirect leveling using distance meter or GPS. The distribution map and
index map of the control points are shown in Figure A3.1.

f) The observed point was pricked carefully on the enlarged photographs and
data such as location, coordinates and other information are shown in the
description of pricking point.

A3.1.2 Accuracy of GPS Observation

The observed data by GPS were checked and their misclosures were computed
immediately after completion of the GPS observation. The ionospheric correction
was applied to the baselines analysis and the following allowable range of the
misclosures was adopted:

Ds< D x 2ppm, where D is a total distance in km.

The sessions map of the GPS observation is indicated in Figure A3.2 and the
quality control of the GPS observation expressed in the misclousures of each
session is shown in Table A3.1. The adjustment of the horizontal network and
transformation from WGS-84 coordinates to PTM coordinates were carried out.
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The conventional traverse survey method was also adopted for control points
located at the place where the GPS was not effective. Especially, the conventional
traverse survey was effective for determining the positions of bank posts for the
river cross section survey.

Leveling

The elevations of new benchmarks/control points to be used as the permanent base
points were surveyed by the third order leveling, while the minor order leveling
was carried out to obtain the necessary elevations of pre-marking points and those
for aerial triangulation and stereo plotting. The observation standard and
measurement accuracy of the leveling are shown in Table A3.2. The leveling
routes and leveling results are shown in Figure A3.1 and Table A3.3, respectively.

Installation of new Bench Mark/Control Points for Photogrammetric Mapping

During the topographic survey, 25 permanent bench mark/control points were
newly installed at the major structure sites. These bench mark/control points were
made of concrete with a rivet on its top in order to be durable for the permanent use.
In addition to the permanent bench mark/control points, the temporary control
points required for photogrammetric mapping were set up at more than 45 locations.
These permanent and temporary bench mark/control points were connected by
leveling and/or traversing survey by GPS to existing NAMRIA’s bench
mark/control points applying the NAMRIA datum for the Project Area.

The permanent bench mark/control points were distributed to the nearby locations
of the major structure sites shown in the following table:

Number of Permanent Benchmarks and Control Point Installed in the Topographic survey

No. Site Nos. of Benchmarks and
Control Point

1) Lower Agos near Infanta 4
2) | Agos Damsite 3
3) | Agos Afterbay Weir site 2
4) | Barangay Daraitan 2
4) | Kaliwa Low DanvIntake site 2
5) | Powerhouse on Waterway for Metro Manila 2
6) | Morong Water Treatment Plant (WTP) 2
7) | Main Pipeline 3
8) | Pump Station 1
9) | Taytay Service Reservoir 1
10) | Antipolo Pump Station and Pipeline 2
11) | Antipolo Service Reservoir 1

Total 25

The locations of the control points used for aerial triangulation and leveling route
are shown in Figure A3.1.

Results of Ground Control Survey

The results of the leveling and traverse survey to measure coordinates and
elevations of the benchmark/control points including cross sections posts on both
banks of the lower Agos are shown in Table A3.4.

A-5
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A4 Aerial Photography and Photogrammetric Mapping
A4.1 Aerial Photography
A4.1.1 Available Aerial Photographs

The new aerial photographs taken in this topographic survey carried out in this
Study are indicated in Figure A2.1. The Figure also shows the photographs
obtained from other sources, i.e. NAMRIA and CERTEZA concerning the aerial
photographs covering Infanta Peninsula and the Antipolo area, respectively. The
scales of the aerial photographs made available for this Study are as follows:

a)  New aerial photographs taken in this topographic survey (2002) : 1:10,000
b) CERTEZA photographs (2000) : 1:10,000
c¢) NAMRIA photographs (1995) : 1:25,000

A4.1.2 Aerial Photography Performed

In this topographic survey, the aerial photography to produce the topographic maps
for the Feasibility Study was performed applying the methods and procedures
mentioned below.

(1) Type of Photography

The panchromatic black-and-white aerial photographs at a scale of 1:10,000 were
taken using the KODAK Aerographic Double-X (#2405) film.

(2) Air Craft and Camera

A twin-engined AeroCommander 500U aircraft equipped with a WILD RC-10
camera (f=152 mm) and a GPS-assisted Flight Management System (FMS) were
used to take the aerial photographs.

3) Condition of Aerial Photography

The condition of newly taken aerial photographs was generally fine as indicated in
the quality control sheets compiled in Table A3.5.

(4) Photographic Processing

The aerial photo negatives were processed using a ZEISS FE130 roll film
developing equipment, while the contact prints were produced using a ZEISS
KG30 Contact Printing equipment. KODAK photographic materials and
chemicals were used in the processing of the negative film, diapositives film, and
photographic paper prints.

Due care was taken in the processing so that negatives and prints were substantially
free of blisters, bubbles, inclusions, coating lines, stress or static marks, bar marks,
pin holes, abrasions, streaks, stains, and drying marks.
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A4.2 Photogrammetric Mapping
A4.2.1 Mapping Area and Mapping Scale

In this topographic survey, the area mapped at scale of 1:5,000 using the new and
existing aerial photographs and existing topographic maps at a scale of 1:5,000
covers the whole survey area except for the easternmost part of the Tunnel No.1
connecting from the Kaliwa Low Dam/Intake site and Taytay Service Reservoir.

In addition to the 1:5,000 scaled topographic maps, the following five (5) structure
sites were mapped at a scale of 1:2,000 and these are shown in Figure A4.1:

1) Agos Dam site
2) Agos Afterbay Weir site
3) Kaliwa Low Dam/Intake site

4) Lagundi powerhouse site, Moron Water Treatment Plant (WTP) site, main
pipeline route, Antipolo pump station, Antipolo Service Reservoir site,
Pipeline route on the Kaliwa-Taytay Waterway

5) Taytay Service Reservoir on the Kaliwa-Taytay Waterway
The mapping standard and accuracy are shown in Table A3.6.

A4.2.2 Field Identification

Using the new aerial photographs, the field identification survey was carried out in
order to classify the land use on the topographic maps produced:

A4.2.3 Aerial Triangulation

Using the newly taken aerial photographs and the results of ground control survey
described in the foregoing Chapter A3, the geodetic coordinates (N, E, H) of
required orientation points such as pass points and tie points were computed. The
results of aerial triangulation were checked by residual errors of ground control
points’ coordinates through the comparison of residual errors between ground
control survey results and the values obtained from the aerial triangulation.  Also,
the standard deviation of control points and discrepancies of pass points and tie
points between adjacent models after the adjustment were checked to confirm
whether they are within or not within 0.08% of flight height for both planimetry
and height.

The photo-coordinate of each photograph was measured using an analytical plotter
(ZEISS P3) and the independent model adjustment undertaken using the PATM-PC
software.

The aerial triangulation was done separately for each block of the newly taken
photographs as follows:

a) Kaliwa-Taytay Waterway to the Taytay Service Reservoir site and Antipolo
Service Reservoir site

b) Agos Dam Site, Afterbay Weir site and a part of the Agos River Basin.
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It is noted that the aerial triangulation could not be initially done for the Kaliwa
Low Dam/Kaliwa Intake Structure site, since the benchmark/control points for
aerial triangulation were deficient due to the isolation of the block, although the
newly taken aerial photographs taken in the topographic survey covered the area
from the Kaliwa Low Dam/Intake site to upstream area of the Kaliwa River.
Nevertheless, the Kaliwa Low Dam site was mapped by establishing additional
control points by GPS survey and using them for the absolute orientation of the
stereo-model.

A4.3 Digital Mapping

A4.3.1 General

On the basis of the results of the aerial triangulation, the topographic maps were
produced by digital stereo-compilation technique, utilizing the ZEISS P3 Analytical
Plotter and PCAP software. The digital drawing files were prepared applying the
AutoCAD format.

Basically, planimetric features and structure were digitized directly with regard to
line and point feature from the stereo models, while the elevation data were input in
the form of terrain spot heights, 3-D break lines, and gridded DEM points. In
addition, the digitizing of contour lines on existing maps prepared in the previous
NPC’s study were also done in the mapping works.

A4.3.2 Photogrammetric Mapping at a Scale of 1:5,000

(D) Lower Agos Basin (Infanta Peninsula) with Contour Interval of 1 mand 5 m

The topographic mapping of the whole survey area at a scale of 1:5,000 was done
by means of using both the new aerial photographs at a scale of 1:10,000 taken in
this topographic survey and the existing aerial photographs at a scale of 1:25,000
taken in 1995 that was obtained from NAMRIA.

The contour lines at 1m intervals were plotted for the low-lying areas by using the
new aerial photographs, while the contour lines at S5m interval were plotted in and
around the mountain area.

The aerial photographs as well as the photogrammetric block adjustment data of
NAMRIA in the UTM system were used to produce the required 1:5,000 scale
topographic map through the additional works to convert the UTM to PTM system
prior to merging it with the newly produced adjoining maps.

It is noted that there are differences in the terrain features such as rivers, creeks, and
roads at the boundary of areas covered by these two (2) different photographs.
This was deemed to be quite reasonable and logical, considering that the
photographs were taken in different years with a time span of 7 years, during which
the continuous human activities as well as the natural phenomenon could result in
some range of change in the terrain features. For clarity and better understanding
of the map user, this boundary line is delineated and annotated in the affected map
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sheets.

()

Reservoir Area of Agos Dam with Contour Line Interval of 5 m

For the Agos Reservoir area, the preparation of the topographic maps by the
photogrammetric method was given up due to the unavailability of new aerial
photographs, except for the area of the Agos River and Agos Dam site. Instead,
the following alternative methods were adopted:

(i) As a result, the subsequent mapping of the Agos Reservoir area had to rely

(i)

on the existing maps at a scale of 1:5,000 prepared in the previous NPC’s
studies in 1980 and 1992. It is noted that the existing maps are based on the
NPC datum, which is different from the NAMRIA datum used for the
mapping in this topographic survey. This required the re-gridding and/or
re-contouring of the existing maps depending on the results of the check
survey for the datum difference. In order to facilitate the transformation
work, the existing NPC maps were initially converted into digital form by
scanning and heads-up digitizing.

For the lower Agos or Infanta Peninsula, the new aerial photographs and
1:5,000 scale topographic maps were not available for some portions. The
topographic maps of such missing portions were produced from the
photographs at a scale of 1:25,000 taken in 1995, which were obtained from
NAMRIA, in order to extend the mapping area.

(i) For the Kaliwa-Kanan confluence site, the new photographs taken in this

3)

topographic survey were partially used to produce the topographic maps.

Kaliwa-Taytay Waterway Route with Contour Line Interval of 5 m

(1) The topographic maps of the Kaliwa-Taytay Waterway route to the Taytay

(i)

Service Reservoir site were prepared principally using aerial photographs
newly taken in this topographic survey. While, some partial areas in the
Antipolo area including main pipeline to the Antipolo Service Reservoir site
which were not covered by the new photographs taken in this topographic
survey were mapped based on the existing photographs at a scale of 1:10,000
taken in 2000 that were obtained from CERTEZA.

The new aerial photographs as well as existing topographic maps at a 1:5,000
scale were not available for the most upstream portion of the Kaliwa-Taytay
Waterway, about 7km long section of the Tunnel No.1 from the Kaliwa Low
Dam/Intake site. Hence, no mapping work to produce the 1:5,000 scale
topographic maps was conducted for the particular area in this topographic
survey. The existing NAMRIA maps at a scale of 1:50,000 was used for
this Study.

Notes
Note 1: Key map showing the coverage of topographic maps at a scale

of 1:5,000, which were classified according to source materials
for the mapping, is shown in Figure A4.2.
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Note 2: Index of adjoining sheets of 1:5,000 scale topographic maps
consisting of a total of 50 sheets is shown in Figure A4.3.

A4.3.3 Photogrammetric Mapping at a Scale of 1:2,000 for Structure Sites

The mapping areas of the structure sites at a scale of 1:2,000 are shown in Figure
A4.1.

(1) Agos Dam site and Agos Afterbay Weir Site

Topographic map of Agos Dam site was prepared by using the new aerial
photographs at a scale of 10,000 taken in this topographic survey. The condition
of aerial photographs is very clear without cloud and dense cloud shadow and quite
adequate to be used to prepare the topographic maps by the photogrammetric
method.

(2) Kaliwa Low Dam/Intake Site

Topographic map of Kaliwa Low Dam Site was prepared from the new
photographs at a scale of 1:10,000 taken in this topographic survey, although the
photographs could be taken only for a limited area around the Low Dam/Intake Site.
The additional survey was carried out to provide the control points necessary for
orientation of the stereo-model covering the site as it had isolated from the
photogrammetric block where control points were available.

A total of 3 control points was installed on the ground and their positions were
identified on the photographs by pricking.

3) Main Structures on the Kaliwa-Taytay Waterway

The topographic maps of this area were prepared using two (2) kinds of
photographs, one was new photographs taken in this topographic survey and the
other was photographs taken in 2000 that were obtained from CERTEZA. The
scales of these two (2) kinds of photographs are the same at 1:10,000.

Most of the topographic maps were prepared using the new aerial photographs
taken in this topographic survey, while the Antipolo Service Reservoir site
including the main pipeline route thereto was produced by the aerial photographs
taken in 2000 that were obtained from CERTEZA.

(4) Taytay Service Reservoir

The topographic maps of the Tytay Service Reservoir site were produced using the
new aerial photographs taken in this topographic survey. They were in very clear
condition as well as those of the Agos Dam and Afterbay Weir sites mentioned
above.

A4.3.4 Editing and Drawing

The digital output files from the stereo-compilation phase together with the results
of field identification survey and other collected data were used as basis for further
cartographic processing and editing. The drawn lines were accordingly straighten
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and smoothen, and contours were generated and edited. The drawing files were
subdivided in accordance with the map sheet layout.

Further annotations, symbols, and grid ticks were incorporated prior to final
plotting. The topographic maps were produced both in the forms of reproducible
hardcopy sheets and digital drawing files on CDs.

A4.3.5 Field Identification Survey

The areal features, which were obscured or were not easily identifiable on the
photographs, were surveyed at the field using the terrestrial survey methods.
Likewise, annotated information such as geographic names and administrative
names were confirmed at the field. All the information was duly incorporated in
the final topographic maps.
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Other Topographic Survey Works Conducted
Rearrangement of Contour Lines on Existing Topographic Maps

The NPC maps covering the Kaliwa River Basin (1980) and portions of the Kanan
River Basin (1992) were initially converted to digital form by scanning and
onscreen digitizing to vector form. Before it could be joined to the new maps of
the other areas, the following steps were taken.

(1) Difference between NAMRIA Datum and NPC Datum.

The difference between the NPC datum used in preparing the old maps and the
NAMRIA datum used in the present mapping was determined by the measurement
with GPS at least two identifiable points in each of the earlier-mapped areas and
comparing the computed positions with the mapped positions.

For the 1992 NPC maps covering the Kanan River area, the two stations, BLLM-15
and BLLM-16, which were used as reference points for the mapping at that time,
were recovered and measured by GPS in this topographic survey. The computed
positions were then compared with the given positions on the map. The results
showed that the both elevations are practically the same with an average difference
of 0.125m, while the horizontal positions differ by an average of 7.228 m in
Northings and 1.099 m in Eastings. Based on these results, the digitized NPC
maps were transformed by CAD operation into the present (NAMRIA) datum.

For the 1980 NPC maps covering the Kaliwa River area including Barangay
Daraitan, no reference points could be recovered. Attempts were made to identify
distinct features such as road intersection, houses, trails, but no definite
determination and conclusion could be derived from the measurements except for
the good coincidence between the spot heights on road intersections in Daraitan
that were obtained from the old maps, and the elevations measured by direct
leveling in this topographic survey. As a further course of action, additional
bench mark/control points were established in Daraitan to enable the accurate
mapping of the area using the new aerial photographs. Thereafter, the resulting map
was used as the basis for transforming (by CAD operation) the digitized NPC map
into the new mapping datum. From this operation, it was determined that the
difference between the NPC datum for the 1980 map and the present datum
(NAMRIA) is about 105.05 m in Northings and 11.25m in Eastings.

After transforming the 1980 and 1992 NPC maps to the NAMRIA datum, the
resulting digital files were combined with the maps produced by photogrammetric
techniques to produce an overall composite map based on a single datum.

(2) Realignment of Contour Lines.

It is noted from the aforesaid results that, while a significant horizontal datum shift
was detected, there was no significant differences in elevations between the NPC
and NAMRIA datum, so it would be logical to conclude that the old maps do not
need to be re-contoured, but just have to be shifted in its horizontal position.
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Photography of Housings by Using Ordinary Camera

In order to get the latest information on the distribution of housings in the planned
Agos Reservoir area where the new aerial photographs could not be taken, the
photographs of housings in villages were taken using helicopter and ordinary
camera.

The photographs were taken for the whole stretches of the Kaliwa River from
Daraitan to the Kaliwa-Kanan confluence and the Kanan River from the confluence
towards the upstream end of the proposed Agos Reservoir with a FSL of EL. 159m,
especially focussing on the areas where houses and other structures were seen.

Flying height for the helicopter was nominally 300 m above ground. To
determine the location of the houses, a photograph was first taken at a convenient
angle, since vertical photography could not be taken due to the absence of camera
hole at flooring of the helicopter. Then, the helicopter was hovered over the
housing area so that the GPS position was taken. In this way the location of the
house was visually shown in the photograph, while its corresponding position was
determined by the GPS.

A Canon Power Shot A50 digital camera was used as the main camera, while an
Olympus OM10 SLR camera was used as a backup. The digital camera was
chosen due mainly to large number of exposures (up to 178) per memory card and
the flexibility of image access, reproduction, and presentation.

Aside from the pilot, the survey crew included the cameraman, GPS man, and an
assistant cameraman. The study on the housing was not only based on the
photographs taken from the helicopter, but also the information from the surveyors
who were fully acquainted with the area in the course of carrying out the ground
control survey in this topographic survey.

Land Classification Mapping by Using SPOT Satellite Data

The primary objective of the land classification mapping using SPOT Satellite data
is to acquire general information on the land cover classification in the proposed
Agos Reservoir area. For this purpose, the most recent cloud-free SPOT Satellite
Composite Sensor (P+XS) Product taken on 21 April 2001 was procured. It was
produced from the simultaneously acquired Panchromatic and Multi-spectral data
by re-sampling and mixing the spectral bands XS1 and XS2 with the panchromatic
band and resampling band XS3 at 10 meters. The area coverage of the scene is
60km by 60km. The delivered image data were already pre-processed with
radiometric corrections associated with the systematic distortion introduced by the
system.

Using ER Mapper 6.3 software, the image was geocoded and rectified applying the
map rectification techniques. The existing NAMRIA topographic maps at a
1:50,000 scale covering the survey area were the major source in selecting the
ground orientation points. The image enhancement was also employed to improve
the visual interpretability of the image by enhancing the apparent distinction
between the features in the scene.
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The image interpretation and analysis was done by a combination of the supervised
and unsupervised classification techniques. Eleven (11) general land cover classes
were selected. These are i) close canopy, ii) open canopy, iii) brushland, iv)
grassland, v) agricultural areas, vi) barren land, vii) built-up areas, viii) mangrove
areas, ix) fishponds, x) sand/shallow water, and xi) water body.

These classes were verified with the aid of existing aerial photographs of the area.
Land cover maps produced were overlayed with contours at 160-meter elevation
and plotted at scales of 1:50,000 and 1:25,000, respectively, complete with map
annotation and symbols.

From the resulting land cover map, land cover area computations were also done on
several areas such as those within 80-meter, 120-meter, 160-meter and 200-meter
contour interval within the project boundary. Similarly, the land cover area
computation on several specified areas such as the Tunnel No.2, Pipeline, Morong
Water Treatment Plant (WTP), pipeline to Antipolo and Angono Service Reservoir.

Likewise, Satellite Image Maps (SIMs) were produced by subdividing the image to
be exactly coherent to the 1:50,000 scale topographic maps of NAMRIA covering
the Project Area. The SIMS were then plotted at scales of 1:50,000 and 1:25,000
complete with map annotation and symbols.

A5.4 River Cross Section Survey along the Agos Mainstream
A5.4.1 River Cross Section Survey

The river cross-section survey was carried out at a total of 35 locations along the
Agos River from the Agos Dam site to its estuary.
Prior to the river cross section survey, the following works were carried out:

1) Installation of cross section posts on both banks of each cross section, and

2) Traversing and leveling for measuring the coordinates and elevations of the
cross section posts.

The river cross section survey was mostly performed using a total station and/or a
leveling instrument, depending on the nature of the terrain. Sounding was also
conducted using either a sounding pole or a sounding lead line. The locations of
the river cross sections are shown in Figure A5.1.

A5.4.2 Longitudinal River Profile

The longitudinal profile was produced based on the following cross section survey
data that were obtained through the river cross section survey mentioned above:

a) Lowest riverbed elevations,
b) River water level at the time of measurements, and
c) Ground elevations of the right and left banks.

The distances between the neighboring river cross sections were measured along
the river course based on the 1:5,000 scale topographic maps produced from the
photogrammetric mapping as explained in the foregoing Chapter A4.
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Topographic Survey Materials Produced

Preparation of CAD Data

All topographic map and cross section data including longitudinal profile were
saved in CD and the data format is AutoCAD .dwg.

Aside from the topographic information such as the natural and man-made terrain
features, the digital drawing files also contain information on the sources of
information, map datum, map scale, sheet number, geographic names, grid ticks,
legend, and other marginal information.

Final Products

a. Aerial photography

1) Contact Prints at scale 1:10,000 : 3set

2) Photo index map : 1 original, 2copies
3) Negative film of aerial photography : 1 Roll

4) Aerial photographs with pricking points 1 set

5) Results of aerial triangulation : 1 original, 1 copy

b. Ground Control Survey

6) Description of ground control points 1 set
7) Results of GPS survey 1 set
8) Results of leveling 1 set

c. Photogrammetric Mapping

9) 1:5,000 scale topographic maps : 1 set Original
: 1 set second Original
: 5 set Diazo Prints
10) 1:2,000 scale map : 1 set Original
: 1 set second Original
: 5 set Diazo Prints
11) Digital map files on CD 1 set

d. River Cross section survey

12) River cross section/longitudinal profile : 1 set Original
: 1 set second Original
: 5 set Diazo Prints

13) Results of river cross section survey 1 set
14) Digital files on CD 11 set
e. Helicopter Photography

15) Map showing location of housing area 1 set
16) Photo album : 2 sets

f. Satellite Image Mapping

17) Land classification map at scale of 1:50,000 : 1set
18) Satellite Image map of general area 1 1 set

A-15



	Cover
	List of Volumes
	The Exchange Rate
	Location Map
	Abbreviation
	Measurements
	Annex A Topographic Survey
	Table of Contents
	List of Tables
	List of Figures
	A1 Introduction
	A1.1 Purpose and General Description of Topographic Survey Works
	A1.2 Survey Area and Survey Period
	A1.3 Basic Datum for Surveying

	A2 Survey Method
	A2.1 Background
	A2.2 Alternative Methods Adopted

	A3 Ground Control Survey for Photogrammetric Mapping
	A3.1 Traverse Survey
	A3.1.1 Method
	A3.1.2 Accuracy of GPS Observation

	A3.2 Leveling
	A3.3 Installation of New Control/ Bench Mark Points for Photogrammetric Mapping
	A3.4 Results of Ground Control Survey

	A4 Aerial Photography and Photogrammetric Mapping
	A4.1 Aerial Photography
	A4.1.1 Available Aerial Photographs
	A4.1.2 Aerial Photography Performed

	A4.2 Photogrammetric Mapping
	A4.2.1 Mapping Area and Mapping Scale
	A4.2.2 Field Identification
	A4.2.3 Aerial Triangulation

	A4.3 Digital Mapping
	A4.3.1 General
	A4.3.2 Photogrammetric Mapping at Scale of 1:5,000
	A4.3.3 Photogrammetric Mapping at Scale of 1:2,000 
	A4.3.4 Editing and Drawing
	A4.3.5 Field Identification Survey


	A5 Other Topographic Survey Works Conducted
	A5.1 Rearrangement of Contour Lines on Existing Topographic Maps
	A5.2 Photography of Housings by Using Ordinary Camera
	A5.3 Land Classification Mapping by Using SPOT Satellite Data
	A5.4 River Cross Section Survey along the Agos Mainstream
	A5.4.1 River Cross Section Survey
	A5.4.2 Longitudinal River Profile


	A6 Topographic Survey Materials Produced
	A6.1 Preparation of CAD Data
	A6.2 Final Products





