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FOREWORD 
 

The objective of this Manual is to provide a guide for NIA Planners who are engaged in 

the conduct of Preliminary Feasibility Study of National Irrigation Projects (NIPs).  The 

procedures contained in this manual are the recommended practices in the Project 

Planning Division, Engineering Department (PPD-ED) of the Central Office. The manual 

attempts to include as much details as needed on NIA standard practices, but caution 

to users that some of these are subject to amendment.  
 

Special thanks are given to the previous Project Planning Division Manager Engr. 

Reynaldo L. Baloloy  with the guidance and full support of the previous Administrator,  

Gen Ricardo R Visaya (Ret), the Deputy Administrator for Engineering and 

Operationsȟ %ÎÇÒȢ #ȭÚÁÒ -Ȣ 3ÕÌÁÉË, the previous Manager of Engineering Department,   

Engr. Lydia S. Esguerra and the previous Head of the Project Investigation and  

Validation Section Engr. Ariel M. Baña. 

An important point to bear in mind in the use of this Manual is that like all other 

manuals it must be improved and updated as NIA policies and practices evolve over 

time. Users of this Manual are urged to send suggestions for its further improvement.  
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OVERVIEW 
 

Project preparation is necessary to be undertaken prior to construction and 

implementation of irrigation projects. The whole process flow of Project 

Preparation for National Irrigation Projects (NIPs) is shown in Figure A. 
 

All projects are required to be identified prior to planning. In NIA, this 

identification process is conducted at the RIO or IMO level. It is a way of lining up 

potential projects for further investigation going to Feasibility Study. The 

prescribed form for the field project investigation report is shown in Figure B.  
 

A Pre - FS phase is necessary before going into a full-blown Feasibility Study for 

NIPs. This process will be the basis to justify if a certain proposed irrigation 

project will proceed to the Feasibility Study phase. It consists of eighteen (18) 

activities (Figure C) involving eleven (11) different disciplines as follows: 

ǒ Hydrology 

ǒ Geology 

ǒ Planning and Design 

ǒ Irrigation & Drainage 

ǒ Land Use 

ǒ Agriculture 

ǒ Hydro-geology 

ǒ Surveying and Mapping 

ǒ Project Cost 

ǒ Economics 

ǒ Environmental, Watershed, and Social 

 

The study aims to validate the given baseline data of the proposed project from 

the initial assessment conducted by the field offices and undertake pre ɀ feasibility 

grade assessment for engineering designs, hydraulic analysis, hydrological 
analysis, surface investigation, ground survey, cost estimates, economic analysis, 

land use study, agriculture study, environmental and social assessment.  
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Figure A: Project Preparation Process Flow for NIPs 
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Figure B: Project Investigation Report Outline
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Figure C: Pre-Feasibility Study Process Flow
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Activity 1:  DESK REVIEW 

Prior to the conduct of field work validation, review of the Project 

Identification Report is necessary to determine missing information 

needed to be gathered during actual field activities. The expected outputs 

of this activity are: availability of data and length of records (rainfall, 

discharge data, evaporation, Climatological Normals data including 
temperature, sunshine hours/cloudiness, humidity, and wind speed), 

initial geologic assessment, dam site alternatives, preliminary location 

map, assessment of ground water availability and existing records of wells., 

among others. 
 

1. 1 Hydrology  

i. Delineation and Determination of Drainage Area  

Delineation of drainage area can be made after establishing the 
proposed damsite. Delineation can be done manually using NAMRIA 
(scale 1:50,000) maps or by advanced software like GIS and CAD. 

ii.  Determination of Climate Type of the Project Area  

a. Determine the prevailing Climate Type of the area based on the 
#ÏÒÏÎÁȭÓ #ÌÁÓÓÉÆÉÃÁÔÉÏÎ 3ÙÓÔÅÍ ÁÄÁÐÔÅÄ ÂÙ 0!'!3!Ȣ /ÆÔÅÎ 
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watershed area has different Climate Type to the potential 
service area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

iii.  Identification of Meteorological Stations  

After determining on what Climate Type, the project area falls 
under, collate all data from all possible PAGASA Stations of 
interest. The list of stations can be accessed through PAGASA 
website, http://bag ong.pagasa.dost.gov.ph/, and/or https://geoportal.gov.ph/ .  

Type of Station Recorded Data 

Synoptic Station Rainfall data, Climatological Normals 
(Climat) data, Rainfall Intensity-Duration-
Frequency (RIDF) data 

Agromet 
(Agrometeorological
) Station  

Rainfall data, Climatological Normals 
(Climat) data, Evaporation data 

Evaporation Station Evaporation data 

a. Selection of representative rainfall station/s will be based on 
the criteria of selection as stated below.  

http://bagong.pagasa.dost.gov.ph/
https://geoportal.gov.ph/
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 The rainfall stations should belong to the same climatic type 
ÁÓ ÔÈÁÔ ÏÆ ÔÈÅ ÐÒÏÊÅÃÔȭÓ ÃÁÔÃÈÍÅÎÔ ÁÒÅÁ ÁÎÄȾÏÒ ÓÅÒÖÉÃÅ ÁÒÅÁ 
depending on the area of study. 

 The available daily  rainfall records should be more than 30 
years. The longer the record the better is the estimate of the 
probable rainfall. 

 The annual mean rainfall of the representative station 
should be at least of the same magnitude as the other nearby 
rainfall stations. 

 The records of the representative station should be 
relatively consistent with no repetitions, no very high and 
very low values. 

 Final selection of the representative station should also 
consider terrain or elevation and exposure to monsoon 
winds with respect to the project area. 

b. Check availability of other data in the selected Stations like 
Climatological Normals Data, RIDF Data, and Evaporation Data. 
Climatological Normals Data should include but not limited to 
Temperature, Humidity, Wind Speed, and Sunshine Hours or 
Cloudiness. Since not all synoptic stations have evaporation 
data, it can also be acquired in schools offering Agricultural 
courses. 

Upon initial assessment of the collated data, updating of data is 
required and may be done during Field Work Validation 
(Activity 2).  

 

iv. Identification of Stream Gauging Stations  

Selection of stream gauging stations is somewhat similar to the 
procedure used in the selection of meteorological stations and 
collation of data. Data are available on Department of Public 
Works and Highways ɀ Bureau of Design (DPWH-BOD) 
publications and on their online portal on Streamflow 
Management System, 
https://apps.dpwh.gov.ph/streams_public/home.aspx. 

a. election of representative stream gauging stations is based on 
the following Criteria of selection as stated below. 

 The gauging stations should be at least close or adjacent to 
ÔÈÅ ÐÒÏÊÅÃÔȭÓ ÃÁÔÃÈÍÅÎÔ ÁÒÅÁ ÔÏ ÅÓÔÁÂÌÉÓÈ ÔÈÅ ÁÓÓÕÍÐÔÉÏÎ ÔÈÁÔ 
the said catchments have similarity in physical 
characteristics like slope, forest cover, and soil composition. 
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 The available daily  discharge records should be more than 
10 years since the longer the record the better is the estimate 
of the runoff. 

 The records of the representative station should be free from 
outliers and relatively consistent with no repetitions, no very 
high and very low values. 

 

Since stream gauging stations are harder to maintain than 
meteorological stations, updating of runoff or discharge data 
may be unattainable due to limited information provided by 
the sourced agency. 

v. Identification of Water Rights Grantees  

The National Water Resources Board (NWRB) is in-charge of 
granting water rights and providing water permits. Coordinate 
with NWRB to ensure that there are no other water right 
grantees in the area, upstream and downstream of the river 
source. In case there are water right grantees in the river source, 
confirm that there is enough water to satisfy the demand for the 
water permit and the remaining water will be used for the 
study. 

In case there is no information that can be secured from the 
NWRB, identification of existing irrigation systems in the area is 
conducted and confirmation of existence of water rights will be 
done during Activity 2. 

 

1. 2 Geology - Regional Geologic Assessment 

ǒ Plot project area onto geological map from Mines & Geosciences 
Bureau 

ǒ Correlate the project area to the surrounding geologic formations 
and structures at the regional scale. Consult references such as the 
Lexicon of Philippine Stratigraphy (2008) and foreign-assisted 
mapping projects (e.g. RP-JICA, RP-Germany) as needed.  Take note 
if the proposed reservoir plot in areas underlain by limestones and 
recent volcaniclastics and if conveyance canals traverse swamp or 
wetlands. 
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ǒ Conduct a morpho-structural analysis in the area. You may use 
Interferometric Synthetic Aperture Radar (IFSAR) data or Digital 
Terrain Maps (DTM) and/or NAMRIA topographic maps. This can 
be done in any GIS program such as QGIS (open source), Global 
-ÁÐÐÅÒ ÅÔÃȣ ,ÏÏË ÆÏÒ ÁÎÄ ÔÒÁÃÅ ÌÉÎÅÁÒ ÆÅÁtures crossing the 
proposed project area as this may be related/associated with the 
nearest regional tectonic feature and this may be seismically 
significant to the project. 

ǒ Use the HazardHunter application (URL: https://hazardhunter.georisk.gov.ph) 
to assess the susceptibility of the project area to geologic hazards. 

o Consult DENR Administrative Order No. 2000-
28/Memorandum Circular No. 2000-33 for a complete list 
of geologic hazards to consider 

ǒ Proposed dam locations that were found to be underlying an active 
fault based on available secondary data should be abandoned.  
Only areas NOT crossed by active faults should be considered as 
alternative sites. 

ǒ Describe the significant regional tectonic features that are directly 
affecting the regional geology in the area, the dominant stress 
directions 

ǒ For impounding projects, assess the general topography of the 
area, at least within 3km from the proposed dam site to determine 
potential quarry areas.  These are mostly areas with gently sloping 
terrains. 

ǒ Morpho-structurally analyze structures of engineering significance 
such as geological lineaments through visual inspection of DTM or 
satellite image data using remote sensing and GIS software 

Note: Based on secondary information, take note everything that is 
needed to be verified in the field. 

 

 

1. 3 Dam Planning and Design  

1. 3. 1 Delineation of potential dam site and location of structures. 
 

The objective of this activity is arriving with an optimum dam site location 
prior to validation/fieldwork. In addition, this will provide the most 
efficient plan/route of activities for dam site team during validation. 
 
The Dam Planning and Design Engineer will utilize the project 
investigation report as initial/baseline reference in delineating/identifying 
potential alternative dam site and location of structures within the project 
area. The selection of potential dam site will highly be affected by the 

https://hazardhunter.georisk.gov.ph/
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engÉÎÅÅÒȭÓ ÅØÐÅÒÉÅÎÃÅ ÁÎÄ ÉÎÔÕÉÔÉÏÎ ÉÎ ÁÓÓÅÓÓÉÎÇ ÔÈÅ ÔÅÒÒÁÉÎȢ  4ÈÉÓ ÁÃÔÉÖÉÔÙ 
will require and revolve around the available maps, please see Activity 1 4. 
2.1 Topography as additional reference. 
 
The result/expected output of this activity are generated maps with 
geographical coordinates and alignment of the proposed/initial dam site 
locations. 

  
1. 3. 2 Identification of potential components to be included in the project 

scheme of development. 
 
The objective of this activity is utilizing the maximum benefit that can be 
harnessed from the water resources infrastructure and consider the 
demands of stakeholders/end users of the project. The activity shall 
consider/identify the request/condition of the community and potential of 
additional income for the project such as; hydropower, 
domestic/industrial water supply, flood control, fishery, recreation, and so 
on.   
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Figure 1.1:  Regional Geologic Map Sample highlighting BBMP-II dam site location. (BMG 1981)
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1. 3. 3 Formulation of schemes of developments for the project. 

 
The scheme formulation will be the final activity for the desk review. 
Through all the available data and information, the Dam Planning and 
Design Engineer  will conclude the possible scheme of development for the 
project, please see Activity 1 4 FINAL SCHEME OF DEVELOPMENT as 
additional reference. 

 

1. 4 Irrigation and Drainage  

ǒ Check and verify the layouts of potential irrigable area and 

alignments of existing canal, if any, on the submitted Project 

Investigation Report. 

ǒ Coordinate/ relay the delineated area to the Surveying and Mapping 

group to be reflected on the Project Location Map prior to field work 

validation. 

1. 5 Surveying and Mapping Activities  

The Geodetic Engineer provides support to all disciplines by 

furnishing georeferenced maps incorporating all relevant details for 

fieldwork and desk analysis utilization. 
 

1.5.1.      Data Gathering 
Initially, the baseline data are provided either by the Central or 

Project Office (RIO/IMO) from the Project Investigation Report 

submitted. In map preparation, the data usually collected from 

various disciplines are the proposed dam location (geographic 

coordinates), delineation of boundaries (watershed / catchment / 

drainage area, reservoir area, dam site area, service area, etc.) and 

canal alignments (main canal, tunnel, link canal, etc.) in Keyhole 

Markup language Zipped or kmz format. 

 
Upon receipt of the baseline data, NAMRIA topographic maps 

covering the project are downloaded at 

http://namria.gov.ph/download.php .     These     maps     shall     be 

georeferenced using Global Mapper or QGIS software and used as 

a platform in preparing the Location Map. 
 

Also, monument description sheets of NAMRIA horizontal (PRS-
92) and vertical (MSL) controls within or near the project area 
shall be requested from the National Mapping and Resource 
Information Authority (NAMRIA) through a formal letter 
addressed to the Administrator of NAMRIA.  It shall include a map 
(preferably in Google Earth platform) showing the delineation of 

http://namria.gov.ph/download.php
http://namria.gov.ph/download.php
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boundaries of the project area coverage. 

 
1.5.2.      Preparation of Location Map  
 
The AutoCAD/GIS operator, through the supervision of the 

Geodetic Engineer, shall prepare a Location Map that will be 

utilized by all concerned disciplines in the actual field validation 

and investigation. 
 

The map shall reflect (a.) the baseline data provided; (b.) political 
boundaries; (c.) roads; (d.) rivers with the direction of flow; (e.) 
geographic and grid coordinates; (f.)   georeferenced NAMRIA 
topographic map as a platform; and (g.) other landmarks presented 
in a proper title block with corresponding legend, numerical and 
graphical scale, general notes, index map with a north arrow, etc. 
(See Figure 1.2 ɀ Sample Location Map) 
 

1. 6 Agriculture  

i. Desk Review of Secondary Information  

Assess all the secondary information or existing data to be used as 
baseline information in preparation for the field work validation. 

i -1. Project Investigation Report  

Check the completeness of the report prepared by the 
concerned field office: 

(a) List of municipalities and barangays to be covered by the 
project  

(b) Crops Planted (wet and dry season, rainfed and irrigated)  

(c)  Planted/Harvested area (wet and dry season, rainfed and 
irrigated)  

(d)  Yield and Production (wet and dry season rainfed and 
irrigated)  

(e)  Number of Potential Farmer Beneficiaries 

(f)  Existing Irrigation System/s of NIA, DA/LGU (operational 
area, wet and dry season)  

i -2.  Additional Information/Data  

 Collect/download additional information, if available, to 
have a broader perspective of the agriculture industry in the 
project area: 

(a) Municipal socio-economic profile (LGU website)
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Figure 1.2: Sample Location Map
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1. 7 Land Use 

Review of Secondary Information Available Online or the existing data from 

online portals of different agencies shall be reviewed and considered; 

Data Requirements  Sources/s 

Pre-Survey Activities  

Project boundary including 
municipalities and barangays 
covered by the project area. 
maps, or aerial photographs (if 
available) or satellite images  

http://google  earth.com 
http://www.namria.gov.ph   

Existing Irrigation System/s of 
NIA, DA/LGU (operational area, 
wet and dry season) 

NIA-Field Office  
NIA-IMO  
 

 

1. 8 Groundwater Investigation  

Identify location of existing wells in the area and sites of previous 

groundwater studies proximate to the study area. Collected geological 

information (regional and local) with respect to the study area identified. 

i. Collection of Existing Records 

The collection of pertinent information on the existing wells and 

other data available in the area will be based on the preliminary 

identified service areas. Information will be gathered from the on-
going GIS-based Groundwater Development Database as well as 

from other references available in PPD and online.  

ii. Pre-establishment of Multi-electrode Lines through google earth or  

  satellite images 

Based on the proposed service area, identify the outskirts and other 

proximate elevated areas which may be available for investigation. 

The length of multielectrode lines will depend on the depth of 

investigation needed. 

iii. Identification of Local and Regional Geology 

The information on geology will start on gathering of relevant data 

pertaining to the local and regional geology, seismology and 
hydrogeology of the proposed project site. Primary data will be 

taken from the Lexicon of the Stratigraphy of the Philippines by 

Peña (2008), Geology of the Philippines (2010) and from Philippine 

Institute of Volcanology and Seismology (PHIVOLCS) website. 

 

http://google/
http://www.namria.gov.ph/
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1. 9 Environmental Watershed and Social Aspect  

Discipline Involve: Environmentalist/Forester/Social Expert/  

              GIS Expert 

i. Delineation of Study Area  

Delineation of primary and secondary impact area through 

Geographic Information System based on the lay-out from Survey & 

Mapping. Primary impact areas are those directly affected by the 

irrigation development such as in the proposed reservoir, 
dam/diversion/pump sites, irrigation canal, burrow area, service & 

access road and service area. While, secondary impact areas are 

those areas that are indirectly affected by the proposed 

development such as the watershed supporting the project and 

downstream of the service area.  

ii.  Collection of Secondary Data  

It involves preparatory work t hat includes secondary data 

gathering and thematic maps generation to initially assess the 

project area prior to fieldwork.  

ǒ Generation of Thematic Maps  

A thematic map is a type of map that portrays the geographic 

pattern of particular subject   matter in a geographic area. For the 

environmental and social aspect (including watershed), delineated 

impact areas will be overlayed on these thematic maps to visualize 

the project area. Thematic maps to be generated are location map, 

administrative maps, land cover/use map, land classification map, 

tenurial map (Protected area, Ancestral domain, NGP, Mining, DENR 

tenurial agreements, among others). Shapefiles will be generated 

through Interferometric   Synthetic Aperture Radar (IFSAR), 

Geoportal and NAMRIA data. Table below is the summary of the 

process, the data requirements and the sources. 

 

Process Data Requirements  Source/s  

Generation of 

initial thematic 

maps  

- Location Map (Watershed 

area and service area) 

- Administrative Map 

- Land cover/use maps 

- Legal Land Classification 

Map 

Google earth 

IFSAR 

Geoportal 

NAMRIA 
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- Tenurial Map (Protected 

area, Ancestral Domain 

Area, National Greening 

Program areas, 

Community Based Forest 

Management Agreement 

Area, Mining etc.) 

 

ǒ Listing of Agency/Institution for data gathering  

Due to several data to be acquired from various agencies, it is 

recommended to list down all these institutions and addresses to ensure 

that all data needed will be acquired based on the initial data reflected from 

the thematic maps. The institutions should be considered, but not limited 

to the following: 

Ṋ Community Environment and Natural Resources Office 
(CENRO) 

Ṋ Provincial Environment and Natural Resources Office 

(PENRO) 

Ṋ Municipal Environment and Natural Resources Office 

(MENRO) 

Ṋ National Commission on Indigenous People (NCIP) 

Ṋ Provincial Mining and Regulatory Board (PMRB) 

Ṋ Municipal Planning and Development Office (MPDO) 

Ṋ Municipal Assessor's Office 

Ṋ Municipal Agriculture Office 

Ṋ Municipal Health Office 

Ṋ Protected Area Management Bureau 

Ṋ Provincial Office 

 

1. 10 Economics 

The objective of the desk review for the Economics aspect of the Project 

Identification Report is to ascertain whether the necessary elements are complete 

for the subsequent Pre-FS stage economic analysis. The relevant information to 

the Economics aspect of the Project Investigation Report are those pertaining to 

the generation of incremental benefits due to the proposed project. These are 



National Irrigation Administration  
Project Planning Division (PPD), Engineering Department 

 

 

Pre-Feasibility Study Manual                                                                                                 19 

principally the following: estimated potential service area, identification of 

presently irrigated areas, type of crops, number of farmer beneficiaries, and other 

data as applicable. From the number of farm families, the economist will be able 

to estimate the number of respondents required in the Pre-FS stage agro-

economic data gathering.  This activity also aims to assess, if there are any, 

previous studies about the project which would indicate its economic desirability. 

 

Review of Secondary Information Available Online  

Prior to site investigation, it is necessary to gather secondary data sources 

published by Philippine government agencies and reputable data repository of 

multilateral development banks (World Bank) online. Data required are 

tabulated below, as follows:  

Table. Summary of Required Secondary Data for Desk Review of Economics 

Aspect 

Particula
r 
Informati
on 

Source Remarks 

Commo
dity 
Price 
Data / 
Export 
Prices 

World 
Bank  

ñPink Sheetò accessible thru: 

https://www.worldbank.org/en/research/commodity-
markets 

Cost and 
Returns  

Philippi
ne 
Statisti
cs 
Authori
ty 
(PSA) 

Cost and returns by geolocation for various crops may be 
accessed from openstat.gov.ph under the heading for 
ñAgricultural Accounts,ò accessible thru: 
https://openstat.psa.gov.ph/PXWeb/pxweb/en/DB/DB__2B__AA
__CR/?tablelist=true 

Farm 
Gate 
Prices 

PSA Farmgate Prices (New Series) may be accessed from 
openstat.gov.ph under the heading for ñPrices,ò accessible thru: 
https://openstat.psa.gov.ph/PXWeb/pxweb/en/DB/DB__2M__N
FG/?tablelist=true 

Producti
on Costs 

PSA Production Costs may be accessed from openstat.gov.ph under 
the heading for ñEconomic Accounts,ò 
https://openstat.psa.gov.ph/PXWeb/pxweb/en/DB/DB__2B__AA
__CR/?tablelist=true 

 

https://openstat.psa.gov.ph/PXWeb/pxweb/en/DB/DB__2M__NFG/?tablelist=true
https://openstat.psa.gov.ph/PXWeb/pxweb/en/DB/DB__2M__NFG/?tablelist=true
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Activity 2:  FIELD WORK VALIDATION OF HYDROLOGIST, GEOLOGIST 
AND DAM/PLANNING ENGINEER 

This activity will commence after the Desk Review (Activity 1). These disciplines 
will conduct a site validation to check all possible dam site locations and collect 
secondary data to be used in their respective preliminary analysis. The expected 
outputs of this activity are: actual discharge measurement and computation, 
hydro-meteorological data, verified possible dam site locations, geologic 
assessment of possible sites 

2. 1 Acquisition and Updating of Hydro -Meteorological Data  

Hydrologist.  The screening process done during the desk review (Activity 
1) will determine the need of updating available data. Up to date data like 
rainfall, Climatological Normals, and Rainfall Intensity-Duration-
Frequency (RIDF) data can be acquired from PAGASA being the major 
weather agency of the country but other up to date data like evaporation 
data can be acquired at experimental stations and agricultural schools. 

2. 2 Discharge Measurement  

Hydrologist.  Discharge measurement is conducted to determine the actual 
discharge of a given water source at a specific time. Discharge 
measurement and computation is based on Section 6 of the DPWH Manual 
on Streamflow as of 2016. Sample of discharge measurement form is 
presented in Table 2.1. 

Derived discharge data from actual measurement during the fieldwork can 
be used as basis in the estimation of the inflow of the project water source. 
Continuous discharge measurement and installation of a non-recording 
staff gauge are recommended of which the collected data series will be 
used in the establishment of a Rating Curve/Rating Table. 

2. 3 Validation of Water Rights Grantees  

Hydrologist.  In cases where water right grantees are present along the 
water source, validation is required on the following like locations of 
abstraction or extraction point, actual water utilization, and purpose 
among others. 

2. 4 Reconnaissance Survey 

Dam and Planning Engineer. The reconnaissance survey will validate the 
initial identified po ssible dam sites and scheme of development in 
reference with Activity 1.3 (Desk Review for Dam Planning and Design) by 
investigating the pinpointed location. Visual inspection of the proposed 
project location and scrutiny of the project vicinity will be conducted by 
comparing actual ground features and site conditions to the satellite 
images and digital terrain model (DTM). 
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Table 2.1: Discharge Measurement Form
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The field validation will be a confirmatory exercise in order to formulate a 
more robust conclusion for the following: 

 
a. Damsite and location of structures. 
b. Identification and validation of potential components to be included 

in the project scheme of development. 
c. Formulation of the potential optimum and viable schemes of 

developments.  
 

2. 5 Rapid Site Geologic Assessment 

Field tools: geologic compass, sample pick, base map, rock Schmidt 

hammer, GPS, camera, steel tape, field book (preferably waterproof), pen, 

range finder 

ǒ Verify and assess the suitability underlying lithology of the 
proposed damsite (chosen by the dam engineer) as foundation. 

o Collaborate with the dam engineers and hydrologists 
regarding the dam design vis-à-vis the lithology. 

o If the project ID proposal is for an impounding project (e.g. 
Small Reservoir Irrigation Project SRIP), the reservoir area 
should be initially mapped to determine the presence of 
lithologies and features that could lead to loss of water 
storage or slope instability such as cavernous limestone, 
open fractures, shear zones, old landslide deposits and 
poorly consolidated clastics/volcaniclastics. This is the way 
to verify the secondary data obtained from the desk study. 

ǒ Verify and assess the ground manifestations of regional geologic 
structures from the desk review, if any.  

ǒ Observe and note the thickness of the weathering 
profile/overburden in order to estimate the depth of the boreholes 
to be drilled should the project proceed to a full-blown feasibility 
study. 

ǒ Identify potential borrow areas for embankment materials for 
further exploration and assessment should the project proceed to a 
full -blown feasibility study.
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Activity 3:  FIELD WORK VALIDATION OF IRRIGATION & DRAINAGE 
ENGINEER AND SOIL TECHNOLOGIST  

This activity will commence after Desk Review (Activity 1). These disciplines will 
conduct site validation of the proposed service area and collect secondary data to 
be used in their respective preliminary analysis. The overall land resources 
evaluation approach integrates important and relevant sub disciplines related to 
land/soil plant and water studies. Consultation and negotiation with other 
disciplines form part of the approach of the study. This activity will also set the 
boundaries/ limits of the proposed irrigation project. The expected outputs are 
area delineation of the potential service area and existing service area, if any; 
project boundary; and land use map.  

3. 1 Potential Service Area Validation  

Irrigation and Drainage Engineer. Based on the location map made in 
Activity 1.5, validate the potential service area coverage. It is best to visit 
each Barangay and do an interview with the proponent to discuss the 
proposed development. Check for any area that was already converted or 
being planned for land conversion. Also, check for the topographical 
condition (rock formation, peat soil, etc.) of proposed canal alignments and 
identify the elevation and location of the highest and lowest irrigable area 
using a GPS device. 

 

3. 2 Secondary Data Gathering  

Irrigat ion and Drainage Engineer. If the proposed project has an existing 
system, secure a copy of its layout including its diversion point and existing 
irrigation network alignments. Otherwise, kindly highlight that the 
proposed project does not have any existing irrigation system, hence, no 
data needed to gather. 

 

3. 3 Drainage Investigation  

Irrigation and Drainage Engineer. Inspect and check all possible natural 
drainage channels (rivers, creeks, etc.) that can be proposed for the project. 
Have an initial assessment if dredging and additional drainage canals are 
needed to be introduced. Also, secure a copy of its Municipal flood map. 

 

3. 4 Potential Service Area Delineation  

Irrigation and Drainage Engineer . Using Google Earth Pro application 
(Freeware), delineate the potential service area based on the location map 
used during the field visit and modify any changes brought up during the 
investigation. Use different color representation for existing and proposed 
service area. It is advised to use the following color accent: 
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ǒ Red ɀ Proposed New Canal Alignments 

ǒ Magenta ɀ Existing Canal Alignments 

ǒ Yellow ɀ Proposed New Service Area 

ǒ Green ɀ Existing Service Area 

3. 5 Project Boundary Delineation  

Irrigation and Drainage Engineer . Using again the application, Google 
Earth Pro, delineate the project boundary base on the target area to be 
develop as resulted of the water availability analysis and as suggested by 
the Regional office, Local Government Unit or any other concerned 
validated during the field visit. 

   

 

 

 

Figure 3.1: (Left) Sample Delineation of Potential Service Area;  
                (Right) Sample Delineation of Project Boundary 
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3. 6 Determination of Project Boundary  

Soil Technologist.  Together with the Irrigation & Drainage Engineer, 

check and finalized the project boundary map.  

 

3. 7 Field Survey and Data Collection/ Validation  

Land Use Survey is carried out to collect data on the type and distribution 

of land use in an area.  

Soil Technologist. Ocular Inspection. Appraise the present land use while 

finalizing the project boundary/limit.  

Methodology  

The overall field land use evaluation approach integrates important and 

relevant sub-disciplines related to land/soil, plant and water studies. 

Consultation and negotiation with the local government units & other 
institutions form part of the approach of the study.  

 Preliminary Survey Phase   

 Preliminary survey phase is pre-fieldwork activity which includes 

gathering of preliminary and secondary data from various entities and the 

base map preparation. Tentative delineation of landform boundaries on 

topographic map of scale 1:20,000 or 1:50,000 supported by satellite 

imagery. Land Use is also delineated before the actual field work. This 

should need further confirmation in the project site.  

3. 8 Interpretation and Mapping of Service Area  

Using the spatial rules, can be now delineated using Google earth (to 

produce kml or kmz) to reflect land use map in the project limit. Drag 

the kml or kmz file into QGIS Application for mapping features, data 

editing and database format. (sample present land use map shown in 

Figure 1 ). 
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Figure 1. Sample Present Land Use Map  

 

The essential components are: title, dir ection, legend, north arrow, scale, coordinates and labels.
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Activity 4:  FIELDWORK VALIDATION OF GEODETIC ENGINEER 

 

This activity will commence after Desk Review (Activity 1). The Geodetic 
Engineer will investigate and validate the site condition and existence of 

NAMRIA reference horizontal and vertical control stations within or near 

the project site. He shall also assess the capability of the Implementing 
Office to conduct surveying and mapping activities for the next level 

feasibility study. The expected output of this activity are the Pre-

Feasibility Study Base Map of the recommended scheme and Control  Map 
reflecting the NAMRIA reference controls intended for utilization. 

 

4. 1 Collection of Final Scheme Components  
 

4ÈÅ 'ÅÏÄÅÔÉÃ %ÎÇÉÎÅÅÒ ÓÈÁÌÌ ÃÏÌÌÅÃÔȟ ÆÒÏÍ ÔÈÅ #ÅÎÔÒÁÌ /ÆÆÉÃÅȭÓ ÐÒÏÊÅÃÔ 

coordinator, all essential components of the study from the result of the 
combined office/desk review, field investigation, and validation of various 

disciplines. It shall include the fÉÎÁÌ ÓÃÈÅÍÅȭÓ ÐÒÏÐÏÓÅÄ ÄÁÍ ÌÏÃÁÔÉÏÎ 

(geographic coordinates), delineation of boundaries (watershed/ 

catchment/ drainage area, reservoir area, dam site area, service area, etc.) 

and canal alignments (main canal, tunnel, link canal, etc.) in Keyhole 

Markup language Zipped or kmz format. (See Figure 11.1 : Sample Pre-FS 
Base Map) 

 
 

 

4. 2 Preparation of Preliminary Control Map  
 

The AutoCAD/GIS operator, through the supervision of the Geodetic 
Engineer, shall prepare a Location Map that will be utilized by the 

surveying and mapping team in the actual field validation and 

investigation. 
 

The map shall reflect (a.) the location of all NAMRIA horizontal (PRS-92) 

and vertical (MSL) controls from the acquired monument description 
sheets or initial values as displayed at  http://www.geoportal.gov.ph/ ; (b.) 

ÆÉÎÁÌ ÓÃÈÅÍÅȭÓ ÁÌÉÇÎÍÅÎÔ ÁÎÄ ÄÅÌÉÎÅÁÔÉÏÎ ÏÆ ÂÏÕÎÄÁÒÉÅÓȠ ɉÃȢɊ political 
boundaries; (d.) roads; (e.) river with the direction of flow; (f.) geographic 

and grid coordinates; (g.) georeferenced NAMRIA topographic map as a 

platform; and (h.) other landmarks presented in a proper title block with 
corresponding legend, numerical and graphical scale, general notes, index 

map with a north arrow, etc. See Figure 11.2 : Sample Pre-FS Control Map) 
 
 

4. 3 NAMRIA Horizontal and Vertical Control Validation  
 

The Geodetic Engineer accompanied by at least one surveying and 
mapping staff shall form a survey team composed of the Implementing 

http://www.geoportal.gov.ph/
http://www.geoportal.gov.ph/
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/ÆÆÉÃÅȭÓ 'ÅÏÄÅÔÉÃ %ÎÇÉÎÅÅÒȟ ÉÎÓÔÒÕÍÅÎÔ ÍÁÎ ÁÎÄ ÓÕÒÖÅÙ ÁÉÄÅȢ 4ÈÅ ÔÅÁÍ 
shall make a courtesy call to all Local Government Units (LGU) covering 

the areas for control validation before actual fieldwork. 
 

With the aid of a hand-held GPS or any available positioning instrument, 

Preliminary Control Map, and the acquired NAMRIA horizontal and 

vertical monument description sheet, the team headed the Geodetic 
Engineer shall locate and validate the existence, suitability and 

acceptability of the reference control monuments within or near the 

project site. 
 

 

All control monuments, recovered or not, shall be documented with 

corresponding photographs of the monument, vicinity and values 
recorded on the handheld GPS. 

 
 

 

4. 4 Assessment and Orientation of the Implementing  
  Office 

 

The Geodetic Engineer shall investigate and assess available personnel 

and equipment of the Implementing Office to conduct the next level 

feasibility study. It shall include both office and fieldwork capability of the 
Implementing Office. 
 

 

The investigation and assessment shall focus on the Implementing Office 

ȬÓ ÃÁÐÁÂÉÌÉÔÙ ÔÏ ÃÏÎÄÕÃÔ ÓÕÒÖÅÙÉÎÇ ÁÎÄ ÍÁÐÐÉÎÇ ×ÏÒËÓ ÆÏÒ the next level 
feasibility study by Administration, based on the following criteria: 
 

- Existence of a Registered Licensed Geodetic Engineer responsible 

with the direct monitoring and supervision of all office and fieldwork 

including preparation and review of Program of Work (POW), Terms 

of Reference (TOR) and reports. 

 

-     Availability of the projected number of office and field personnel as 

per NIA Memorandum Circular (MC) 64 series of 2016 to complete 

the activities on the prescribed duration. 

 

- Sufficient  knowledge,  training,  and  experience  to  all  relevant 
software, equipment utilization, and maintenance, surveying and 

mapping work standard procedures, preparation of POW including 

the derivation of unit cost, data analysis and processing, and other 

relevant activities. 

 

- Availability  of  office  equipment  including  essential  software  for 

analysis, data processing and generation of final report. 
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    -     Availability of calibrated surveying and mapping equipment such as 
GPS receivers, total station, automatic/digital level and accessories. 

 

 
After investigation and assessment, the Geodetic Engineer will orient the 

survey team of the Implementing Office on all relevant Memorandum 
Circular (MC), Executive Order (E.O.) and Republic Act (R.A.) such as, but 

not limited to the following: 
 

- Philippine Geodetic Engineering Act of 1998, R.A. 8560 as amended 

by R.A. 9200 

 

- Philippine Reference System of 1992, E.O. 45 Series of 1992 as 

amended by E.O. 321 Series of 2010. 

 

- Hiring of Geodetic Engineer in All Regional Irrigation Offices (RIO), 

Irrigation Management Offices (IMO), and Special Projects Offices, 
NIA M.C. 39 series of 2019. 

 

- Revised  Guidelines  in  the  Preparation  of  Program  of  Works, 

Approved Budget for the Contract, Estimated Cost and/or Unit Cost 

Derivations of All irrigation Projects, NIA M.C. 64 series of 2016. 

 

- Terms of Reference for the Conduct of Surveying and Mapping for 

Irrigation Development Projects Under Feasibility Study, NIA M.C. 84 

series of 2019.
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Figure 4.1: Sample Pre-FS Base Map 
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Figure 4.2: Sample Pre-FS Control Map
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Activity 5:  FINAL DAM SITE LOCATION 

This activity will commence after the field validation of the Hydrologist, Geologist 
and Dam Engineer (Activity 2). The latter will solicit proposals from the two other 
disciplines to decide where the final location of the diversion point will be. The 
expected output of this activity is the exact coordinates of the diversion point 
which will be needed on the succeeding activities. 

5. 1 Criteria for selection  

Below are the criteria used in the selection of a good dam site: 

a. Dam site should be located in a long, uniform, and straight reach of a 

river. In case of a meandering river, the dam should be located at the 
nodal point.The foundation must be stable. 

b. The foundation must be sufficiently stable to sustain the weight of the 

dam and nearly impervious. 

c. The site must be preferably the narrowest part of the river but should 
be of sufficient width such that after the construction of the dam, it will 

have the capacity of discharging the maximum allowable flood flow. 

d. Riverbanks must be firm and stable to provide good anchorage of the 

dam abutments and should be high enough to allow freeboard for 
maximum afflux elevation. 

e. The site is located in a uniform course and there is no possibility that 

it might change course. 

f. The site must have an adequate watershed area so that the average 
stream flow during the dry season can irrigate the potential irrigable 

area. 

g. The length of the diversion canal should be short, minimizing the need 

for costly structures such as tunnels or deep cuts. 
h. The source should be free from resettlement problems due to 

submergence once the dam is constructed. 

i. The value of necessary land and right of way is cheap. 

j. The site is accessible to transportation. 
k. No water rights grantee is affected. 

l. No industrial or mining areas or any activity that generates 

wastewater upstream of the site to ensure that the quality of the water 

is suitable for irrigation purposes  
m. The requirement for cofferdam, pumping, and other provisions for 

dewatering the site is minimum.  

n. The source of construction materials like sand, gravel, boulders, and 

rock must be abundant. 

 

This activity will commence after the project boundary was set on Activity 3. 

Before the actual field investigation and validation, prepare a request letter to the 

concerned Local Government Unit regarding the conduct of data gathering and 

farmers interview in the area. The expected outputs of this activity are the primary 

and secondary agricultural data.



National Irrigation Administration   
Project Planning Division (PPD), Engineering Department 

 

 

Pre-Feasibility Study Manual                                                                                                 33 

 

Activity 6:  TABULAR DISTRIBUTION OF THE PRESENT LAND USE 

   

This activity will commence after the potential service area is set and the 
project area boundary is validated in Activity 3.  

 

6. 1 Component of table distributing present land use  

 

a. Arable Land- the land when provided with the essential 
improvement on leveling, drainage and irrigation facilities 
would have a productive capacity under sustained irrigation, 
sufficient to meet all production cost, give a reasonable return on 
the farm investment and provide satisfactory level of living for farm 
families.  

b. Non-Arable Land- lands are those identified and classified not 
suitable for irrigation development. Included are M-lands or built 
up areas, class 6 or river, creek, right of ways and class 4 coconut, 
trees and orchards.  

Sample Table-Summary Hectarage of Present Land Use Distribution  

 

The components included in the table are:  

*Area for both wet and dry season 

* Percent total of arable and non-arable land  

*Percent arable for arable and non-arable land. 
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Activity 7:  FIELDWORK VALIDATION OF AGRONOMIST AND 
ECONOMIST 

 

7. 1 Identification the Project Area Coverage  
 

Agronomist/ Economist.  Collaborate with other disciplines/experts such 

as the Soil Technologist and Irrigation Engineer to determine the 

municipality/barangays to be covered by the project.  

 

7. 2 Farm Management Survey/ Farmers Interview  
 

Agronomist/ Economist.  Data gathering will be accomplished through Key 
Informant Interview (KII), Focus Group Discussion (FGD) and or one-on-one 
interview with the farmers in the area. Officials and members of concerned 
Organized Farmers Group and/or Irrigators Associations and farmers with no 
membership/involvement to any organized group will be the target of these 
activities. The interview will be limited to 5% of the farming household in each 
barangay listed in the Project Investigation Report in coordination with the Soil 
Technologist and Irrigation Engineer.  

For the economics part, the total production cost per crop is expected to be 
derived from the structured questionnaire. Specifically, farm inputs cost, 
transportation cost, labor cost and other costs related to the production of crops 
should all be identified. 

7.2.1 Sampling Method 
 

Agronomist.  Stratified Random Sampling is the most commonly used 

method used in conducting agronomic/ farmers surveys. Depending on the 

condition of the service area, samples will be divided into main strata, 

farmers from irrigated and rain fed/ non irrigated areas, then divided into 

sub-strata, rice and other crops. From each sub-stratum, farmers to be 

interviewed will be randomly selected. 

 

 

 

 

 

 

 

 

 

 

 

 
    Major/Main Strata 

    Sub-strata 

    Project Area 

 
Irrigated 

Area/Existing 
Irrigation Systems 

 Rice 

 Other Crops  

 
Rainfed Area/New 

Area 

 Rice 

 Other Crops 
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7.2.2 Interview Materials 
 

Agronomist . A survey instrument was developed by NIA Central Office, 

this will serve as a guide in conducting the survey and to ensure that all 

data needed in the analysis will be captured completely and correctly. 

These structured questionnaires include the Farm Management Survey for 

rice and other crops. Please refer to Annex 1 to 3. 

 

7.2.3 Information/Data to be Gathered by the Agronomist: 
 

ǒ Type of Crops 

List of different crops planted in the service area, like rice, corn, 

sugarcane, banana, different kinds of vegetables etc. 

 

ǒ Planted and Harvested Area 

The area planted to specific crops as mentioned whether under rain 

fed, irrigated by pump or by gravity irrigation, etc. 

 

ǒ Cropping Schedule and Pattern 

The schedule of activities relative to planting crops from land 

preparation to harvest. It also indicates the time and spatial 

arrangement or sequence of crops and / or fallow in a particular 

land area.  

 

ǒ Yield and Production  

The amount of produce per unit area expressed in tons per hectare.  

 

ǒ Crop Management Practices/ Farming System 

Activities performed, current practices relative to land preparation, 

planting, crop maintenance, harvesting; labour required for each 

activity, agricultural inputs used such as amount of fertilizer, agro-

chemicals, etc.  

 

ǒ Existing Irrigation System  

List of existing irrigation systems within the proposed service area 

whether under the government or privately owned, its 

performance/ irrigated area for wet and dry season, number of 

beneficiaries, production, etc. 

 

ǒ Factors Affecting Crop Production  

List of problems and needs of the farmers that affects their 

production. This may include but not limited to no water 

supply/irrigation, unavailability of High Yielding Varieties, financial 

problems to procure necessary agricultural inputs, etc. 
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7. 3 Interview with Relevant Government Offices  
 

Agronomist.  Data gathering will be accomplished thru Key 

Informant Interview (KII). Officials from concerned government 

offices will be the target of these activities.  A structured 

questionnaire (Attachment 3) will serve as a guide to ensure that 

important information will be captured completely and correctly, 

particularly for LGU-Agriculture Office. 

 

7.3.1 Government Offices and Information/Data to be Gathered:  
 

Interview in the following government agencies will include 

verification of all information gathered online and collection of 

additional information listed below: 

 

ǒ National Irrigation Administration  

Operation and Maintenance Report for the last five years of any 

existing system to be covered by the project.  

 

ǒ Local Government Unit-Agriculture Office     

Commodity Roadmaps (Rice and other crops) -latest plans and 

programs for the agriculture sector of the municipality 

 

City/Municipal Agricultu re Profile-latest performance of the 

agriculture sector of the municipality 

Existing irrigation systems under LGU jurisdiction - if any that will 

be covered by the proposed project, such as Small Water 

Impounding Project (SWIP), Pump Irrigation Project (PIP), Small 

Farm Reservoirs (SFR) etc.- list, profile and latest performance of 

each systems  

 

ǒ Local Government Unit-Planning and Development Office  

Comprehensive Land Use Plan- particularly, demography and 

socio-economic section 

 

7. 4 Secondary Data Gathering of the Economist  
 

Data gathering will be accomplished thru Key Informant Interview (KII). 

Officials from concerned government offices and private institutions will 

be the target of these activities. 
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7.4.1  National Food Authority  

Support price or buying price of the National Food Authority is to be 

gathered. In addition, trucking and/or hauling rate is requested to 
determine the transportation cost of the produce from farm to the market.  

 

7.4.2  Office of the Municipality Assessor  

Schedule of base unit market values for agricultural as well as adjustment 

of values for agricultural lands as to location is requested from the 

-ÕÎÉÃÉÐÁÌÉÔÙ !ÓÓÅÓÓÏÒȭÓ /ÆÆÉÃÅȢ  

 

7.4.3  Municipal Agriculture Office  

The Municipal Agriculture Office may provide necessary documents that 

are crucial to the study such as availability of agricultural supply, sources 

of irrigation, and other problems in agriculture sector (specifically in crop 
production).  

7.4.4  Agro-chemical suppliers  

Prevailing prices of inputs are gathered from multiple agro-chemical 

suppliers which is later compared to the prices that were gathered from 

interviewing farmers for verification purposes.  
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Activity 8:  AQUIFER IDENTIFICATION AND WELL INVENTORY 

 

This activity will commence after the potential service area is set and verified in 
Activity 3. The expected outputs are: establishment of multi-electrode lines, 
conduct of geo-resistivity survey, well inventory, geologic mapping and 
identification of possible aquifers in the outskirts of the proposed service area. 

 

8. 1 Establishment of Multi -electrode Lines  

Based on the proposed service area, identify the outskirts and other proximate 

elevated areas which may be available for investigation. The length of multi-

electrode lines will depend on the depth of investigation needed. 

 800 meters length ~ 60 meters depth of investigation 

 400 meters length ~ 30 meters depth of investigation 

 200 meters length ~ 15 meters depth of investigation 

 100 meters length ~ less than 10 meters depth of investigation 

 

The establishment of multi-electrode lines may be classified into two: (1) 

correlation lines, and, (2) investigation lines. Correlation lines are usually 

used to investigate existing wells (with known construction data), 

observed outcrops, springs, and other points of references which may be 

used for in-depth analysis. On the other hand, investigation lines are lines 

established to gather sub-surface information on the area. These lines are 

usually located on outskirt areas or elevated areas wherein irrigation  by 

gravity is not possible.   

8. 2 Conduct of Geo-resistivity Survey  

Subsurface investigation for groundwater prospecting can be conducted 

using any geo-resistivity meter (LS2 Terrameter, in the case of the Central 

Office). It is recommended to use a multi-electrode geo-resistivity system 

for groundwater prospecting due to a more efficient investigation process 
for aquifer identification. However, other systems of geo-resistivity survey, 

like Vertical Electrical Sounding (VES), may be used as well. 

Specifically, the multi-gradient array is recommended in the undertaking 

which allows a multiple number of readings to be taken simultaneously. 

The survey shall use either 2 cables with 41 electrodes that can generate a 

maximum of 400-meter-long profile for 10m electrode spacing or 4 cables 

with 81 electrodes that can generate a maximum of 800-meter-long profile 

for 10m electrode spacing. Each take-out has its own electrode staked into 

the ground and clip to the cable by a connector. The arrangement of cables, 

LS2 Terrameter, clip and electrode for 2 cables are shown in Figure 1. 
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Electrode distances as well as depth of investigation varies depending on 

the site condition. Data gathered are stored automatically in the instrument 

and can be downloaded into a laptop computer using usb, wifi or the 
program LS Toolbox and then analyzed using RES2D/Aarhus Workbench.  

Geo-resistivity survey shall be performed on the outskirts of the proposed 

service area, for possible area extension or for supply augmentation, as 

well as other elevated arable areas which may be irrigated through 

pumping schemes.   

 

 

 

 

 

 

 

Figure 8.1: Arrangement of Equipment and Accessories 
 

8. 3 Well Inventory  

The conduct of well inventory is focused on the identification of all existing wells 

and springs located in the proposed service area. Further, the following pertinent 

data for each observed well or springs is collected: 

1. Well owner/number  

2. Specific location (latitude and longitude) 

3. Date of drilling 

4. Purpose of well 

5. Pump details (pump setting, type, diameter, capacity) 

6. Actual depth 

7. Static water level (current and historical, if possible) 

8. Casing schedule (depth, blank, slotted, open hole, diameter, length 
of stick-up pipe) 

9. Discharge 

10. Photos 
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8. 4 Geologic Mapping  

The on-site investigation on the proposed project sites will be conducted 

through the use of geologic hammer and GPS to verify the geologic 

structures, rock units and hydrogeology of the area of investigation, and to 

gain implications about the geology at depth. 

 

Activity 9:  FIELDWORK VALIDATION OF ENVIRONMENTALIST, 
WATERSHED SPECIALIST & SOCIOLOGIST 

 

This activity will commence after the final dam site location is formulated in 
Activity 5. These disciplines will conduct site validation of the proposed project 
site and collect secondary data to be used in their respective preliminary analysis. 
The expected outputs are: Environmental and Social Assessment Report (ESA) 
and Watershed Profiling. 

Baseline assessment involves the field validation of the secondary and primary 

information that requires output of another component of the project. The 

environmental and social component of the project   requires specific information 

which includes locations, dimensions of dam and irrigation canal, road and 

drainage network. This information will be used to define the primary and 

secondary impact of the project to the physical, biological and social conditions of 

the study area.  The following are the processes and requirements of the data 

gatherings which include sources of information:  

9.1 Secondary Data Gathering and Validation  
 

Based on the initial thematic maps and data needed for the specific project, 

the listed agencies/institutions during desk review will be coordinated. 

Hard copy and soft copies of data such as Comprehensive Land Use Plan 

(CLUP), Assessed land value, municipal profile, health status, 

demography/population/economy/social services and other information 

of the physical, biological socio-cultural, and political environment of the 

project area, if available, will be requested/acquired in these concerned 

institutions.  

Shapefiles of tenurial instruments (national greening program (NGP, 

Community Based Forest Management Agreement (CBFMA), Integrated 

Forest Management Agreement (IFMA), Protected area (PA), Mining, 

Certificate of Ancestral Domain Title/Claim (CADT/C) will be requested to 

validate presence of the tenurial status in the project area as well as 

finalized the thematic maps initially generated based on the indicative 

boundaries. This will be overlayed through Geographic Information 

System (GIS). 
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Table below provides the summary of the secondary data gathering, the 

data requirements and agency where to get the needed data. 

Table 9.1. Summary of Secondary data gathering, data requirement and 

agency concerned 

Process Data Requirements Agency concerned 

Secondary 

data 

gathering and 

validation 

 

 

 

- Tenurial Instruments in 

the Project (NGP, 

CBFM, IFMA, CALC, 

PA, Mining, CADT/C) 

 

 

 

 

- Land Use 

Plan/CLUP/FLUP 

 

- Land Cover 

 

- Land Valuation 

 

- IP Profile/CADT/CADT/C 

 

 

 

 

- Health status 

 

 

- Demography/population/

economy/social services 

Physical, Biological 

Socio-Cultural, and 

Political Environment if 

available.   

-  Downstream water user 

 

Data gathering at the offices 

of the following 

institutions/agencies 

- CENRO-DENR 

- MGB 

- PAMB 

- NCIP 

- Provincial ENRO 

- Municipal/City ENRO 

- Agrarian Office 

 

- MPDO 

- CENRO-DENR 

 

- MPDO 

 

- Assessorôs Office 

 

- NCIP 

- Municipal LGU 

- Barangay LGU 

- MPDO 

 

- Provincial Health Office 

- Municipal Health Office 

 

- Municipal LGU 

- Barangay LGU 

- MPDO 

 

 

-LWUA 

-Water districts 
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9.2 Primary Data Gathering and Validation  
 

Physical Environment  

Noise Quality. Use of portable noise meter sampler. Sampling location 

includes dam/diversion/pump site, some points within proposed 

alignment and access road near community areas. Gather at least three (3) 

samples for each location to generate more accurate data.  

Identification of possible point sources of noise pollutants through direct 

observation at the direct impact areas of the project can also be adopted if 

noise sampler is not available.  List down all activities that are possibly 

contributing to noise pollution. 

Air. Identification of possible point sources of pollutants through direct 

observation at the direct impact areas of the project.  List down all activities 

that are possibly contributing to air pollution. 

Water Quality.  Direct observation and identification of potential point 
sources of water pollutants within the direct impact areas of the project 

shall be undertaken. 

If the ocular findings show a possible toxic/polluted water or unfitting 

condition for irrigation, sampling method may be adopted. If a water 

sampler is available, water quality sampling through use of portable water 

quality instrument/s available. These kits generally use either test strips 

submerged into a water sample or drops that react with various 

contaminants if present.  

If not available, get water samples at the dam site location and downstream 

portion using sample collection bottles and materials. Before collecting 

samples, make sure you have all the proper bottles, field equipment and 
preservatives, such as ice. Put it to the laboratory for testing not more than 

24 hours using primary parameters indicated in DAO 08 s. 2016. 

Biological Environment  

Terrestrial Ecosystem (Flora & Fauna)  

Ocular Inspection.  The ocular inspection will be conducted in the study 
area covering the watershed and service area of the proposed project. This 
method involves rapid assessment of the flora and fauna of the area.  

Threatened Species. All species recorded for both methods will be counted 
and identified up to species level with their corresponding economic 
importance and conservation status based on the International Union for 
Conservation of Nature (IUCN).  

Key informant interview (KII) will be conducted to gather existing flora and 
flora using local observation. 

Aquatic Resources 
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Aquatic resources data will be generated from the sources of rivers 

through direct observation/ identification of aquatic resources. Key 

informant interview (KII) will be conducted to gather existing flora and 
flora using local observation. 

Social Environment  

Socio-economic Condition. The socio-economic condition through 

primary data will be generated by conducting key ÉÎÆÏÒÍÁÎÔÓȭ ÉÎÔÅÒÖÉÅ×Ó 

and/or focus group discussion within the project area (i.e. farmers, 

barangay officials). The said activities will generate information such as 

demography/population/economy/social services, water users within the 

river, issues and problems in the community, and peace and order. 

Affected by the project. Based on the proposed development, record all the 

affected People, structures, land, and crops/trees within the primary 

impact area where the dam site, access roads and canal alignment will be 

constructed. Photo documentation of all affected properties will be useful 

reference. 

IP Profiling.  )Î ÃÁÓÅ ÔÈÅÒÅ ÁÒÅ ÐÒÅÓÅÎÃÅ ÏÆ )0Ó ÉÎ ÔÈÅ ÁÒÅÁȟ ËÅÙ ÉÎÆÏÒÍÁÎÔÓȭ 

interviews with the elders and barangay officials shall be conducted. Initial 

information required are: population, economic activities, cultural heritage 

and their issues and concerns to the proposed development. 

9.3 Watershed Profiling  

Watershed profiling will be conducted through actual rapid assessment. 

Watershed is delineated from the dam site covering all the ridges within 

the river system. This may be conducted through ocular inspection within 

the watershed (dam site, midstream and upstream of the watershed).  

+ÅÙ ÉÎÆÏÒÍÁÎÔÓȭ ÉÎÔÅÒÖÉÅ×Ó ×ÉÔÈ #%.2/Ⱦ0%.2/-DENR, LGU, barangay and 

upland communities shall be conducted to gather information on the 

existing programs and the stakeholders involved in the management of the 

watershed as well as the presence and absence of communities within the 

watershed. The secondary data from the DENR Offices will also acquire 

infor mation about the issues and concerns within the watershed like 

landslide, sedimentation, and deforestation. 

Flora and Fauna assessment will also be conducted through ocular 

inspection by identifying the species present in the area. 

 

Activity 10:  HYDROLOGIC ANALYSIS 
 

Hydrologic analysis shall be undertaken after identifying the final dam site 
location (Activity 5), the dominant soil type and land classification, and potential 
crops to be planted. The expected outputs are: Scheme of Development, Irrigable 
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Area (Diversion/Intake/Pump and Reservoir Operation Simulation for 
impounding dams), and Peak Discharge/Design Inflow (Flood Studies). 

 

10.1 Rainfall Data Evaluation and Analysis  

Missing data is one of the major concerns in determining the rainfall data 
for the project. Several methods can be used to estimate required missing 
data, augmentation, and generation of long-term rainfall data since it is 
required to have at least a 30-year rainfall data. The following methods or 
combination of these methods can be used. 

a. Inverse-Distance Square Weighting Method. This is usually used 
when two or more rainfall stations with similar data are identified 
for the project. Data to be used should have the same period of 
record. Measurement of aerial distance can be made using available 
NAMRIA Maps or Google Earth from the stations to the watershed 
centroid. 
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4ÈÅ ÔÅÒÍ Ȭ0ȭ ÄÅÎÏÔÅÓ ÔÈÅ ÐÏÉÎÔ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÏÒ ÐÏÉÎÔ ÒÁÉÎÆÁÌÌ ÖÁÌÕÅ 
at the project site. P1, P2 ȣ 0n denotes the point rainfall of the 
stations or data source, i.e station 1 up to nth station, while d1, d2 ȣ 
dn are the corresponding aerial distances of the data source or 
station to the basin centroid. 

b. Correlation and Regression Analysis (Least Squares Method). This 
method, done in decadal (ten-day) form, is used to extend the 
selected representative rainfall data, denoted as the dependent 
variable, which also uses a secondary rainfall data denoted as the 
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independent variable. This ensures that the independent rainfall 
data should be up to date. 

10.2 Inflow Analysis and Run -off Generation  

A thorough screening of the gauging stations considered in Activity 1 will 
be made. And one method is analyzing the collated data specifically the 
Specific Discharge (SQ). 

The most common Specific Discharge (SQ) of Philippine Rivers falls within 
the range 0.02 to 0.04 CMS/sq.km. However, since partially all drainage 
areas differ in catchment characteristics like basin shape, slope, length of 
river channel, and drainage density among others, variation in SQ is 
prevalent, thus will fall outside the said range. 

Best is to compute the mean SQ of all gauging stations per basin per region. 
As reference, therefore, the generated SQ should at least have a semblance 
of the mean SQ of the basin where the ungauged source is located. 

Also, a thorough evaluation of the discharge data is recommended by 
checking historical rainfall data in the area if in accordance with the 
historical discharge data. 

Run-off data generation is performed depending on data availability and its 
application. Various hydrologic and water resource modeling/analysis 
requires sufficient runoff record and for this reason, it is preferred to 
generate long-term runoff data. While the majority of the gauging stations 
have short record lengths and fragmentary; filling-in of missing data and 
extension are carried out to come up with longer and complete records. 

Streamflow data acquired from DPWH-BOD publications has also missing 
data like the rainfall data. Estimation of streamflow data is made to have at 
least a 30-year record used in the analysis. This can be done by the 
following common procedures: 

a. Correlation and Regression Analysis. In this method, done in 
decadal (ten-day) form, the selected representative discharge data 
is considered the dependent variable while the estimated rainfall 
data for the project is the independent variable. This technique is 
intended to improve the statistics of short and fragmentary records. 
In general, the simple linear regression equation takes the form; 

ώ άὼ ὦ 

where y and x are the dependent and independent variables 
respectively. Also, m signifies the slope and b is the intercept. 

b. Drainage Area Proportion Method (Drainage Area Ratio Method). 
This method, also done in decadal form, is usually used to transfer 
flow data from nearby gauging stations to generate flows at the 
project site. This technique is based upon the concept that both the 
gauged site and the project site have similarity of catchment 
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characteristics and not necessarily only on their respective drainage 
area or catchment size. To improve the estimate, basic guidelines 
require that the two stations belong to the same climatic type and 
the ratio of their drainage area does not exceed 2.0. 

ὗό ὗὫz
Ὀὃό

ὈὃὫ
 

   , where Qu - discharge at ungauged station 
     Qg - discharge at the gauged station 
     DAu - Drainage Area at ungauged station
     DAg - Drainage Area at gauged station 

Inflow analysis is made to determine how good a set of data is before and 
after estimation of streamflow data. Estimated inflow data must be in 
accordance with the conducted actual discharge measurement. This gives 
the importance of conducting actual discharge measurement periodically 
at the water source. 

Discharge measurement should be taken during the low flow and high 
ÆÌÏ×Ó ÏÆ ÔÈÅ ÒÉÖÅÒ ÔÏ ÅÎÓÕÒÅ ÁÎ ÁÃÃÕÒÁÔÅ ÒÅÐÒÅÓÅÎÔÁÔÉÏÎ ÏÆ ÔÈÅ ÒÉÖÅÒȭÓ 
behavior. 

10.3 Water Requirement and Water Duty  

a. Establish the cropping calendar and cropping pattern based on the 
types of crops to be planted and the size of potential service area. 
Cropping calendar and cropping pattern should be in accordance 
with the data provided by an Agronomist. 

The preparation of the cropping calendar involves the crop 
selection, setting the duration of the crop stages (crop growing 
period) and farm operation, and placing the calendar dates of the 
various stages. It is arranged in decadal (ten-day) form in such a 
manner to take advantage of the rainfall distribution. 

The proposed cropping pattern represents the different stages of 
crop growth and from operations. The form of presentation is 
similar to a bar chart with the ordinate representing the irrigable 
area (whole area/unit area/percentage of area) and the abscissa 
representing the start and end of the crop stage or farm operation 
in days. The wedge-like shape commonly seen represents the 
staggering of the stage or operation into early and late planting. 

For initial assessment, a 30-day staggered period is recommended. 
In cases where water is insufficient, the staggering period may be 
extended to 35-days or 40-days. The stagger day period will depend 
on the size of the service area and manpower which is based on the 
assessment of an Agronomist. 
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Figure 10.1: Sample Cropping Calendar and Cropping Pattern 

 

b. Compute the reference evapotranspiration using the Climatological 
Normals data acquired by Modified Penman Equation as follows: 

ὉὝέὧὡὙ ρ ὡ ὪὟ Ὡ Ὡ  

where; ETo      - reference evapotranspiration, mm/day 

Rn      - net radiation in equivalent evaporation, mm/day 

W      - temperature related weighting factor 

Hw      - height of instrument, in meters 

f(U)      - wind speed related function, mm/day 

(ea-ed)     - vapor pressure deficit, kPa 

 c      - adjustment factor to compensate for the  
                     effect of day and night time weather  
         conditions 

c. Calculate the area factor based on the established cropping calendar 
and cropping pattern. Determine the crop coefficient based on the 
selected crops in accordance to the data provided by an Agronomist. 
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Crop coefficient curve is the representation of the trends in crop 
coefficient during the growing period. 

 

 

 

 

 

 

 

 

 

Figure 10.2: Generalized Crop Coefficient Curve 

Presented on the table below are various crops, which are 
commonly planted around the country, with their length of growth 
stages and its corresponding crop coefficient. 

Table 10.1: Crop Coefficients of Paddy Rice and other Diversified Crops 

PARTICULAR 

STAGES OF DEVELOPMENT 

Initial 
Crop 

Developmen
t 

Mid-
Season 

Late 
Seaso

n 
TOTAL 

Paddy Rice 

Length of Growth 
Stages, days 

22 38 27 33 120 

Crop Coefficient, Kc 1.15   1.20 1.00   

Bitter Gourd 

Length of Growth 
Stages, days 

23 35 29 18 105 

Crop Coefficient, Kc 0.50   1.05 0.90   

Corn 

Length of Growth 
Stages, days 

22 33 54 11 120 

Crop Coefficient, Kc 0.40   1.15 1.07   

Eggplant 

Length of Growth 
Stages, days 

35 46 46 23 150 

Crop Coefficient, Kc 0.60   1.05 0.90   

Garlic 

Length of Growth 
Stages, days 

10 16 47 47 120 

Crop Coefficient, Kc 0.70   1.00 0.70   

Mungbean 

Length of Growth 
Stages, days 

12 19 27 12 70 

Crop Coefficient, Kc 0.50   1.15 0.30   

Onion 
Length of Growth 

Stages, days 
12 20 56 32 120 
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Crop Coefficient, Kc 0.70   1.05 0.75   

 

Papaya 

Length of Growth 
Stages, days 

40 100 220 120 480 

Crop Coefficient, Kc 0.50   0.50 0.50   

Peanut 

Length of Growth 
Stages, days 

35 45 35 25 140 

Crop Coefficient, Kc 0.40  1.15 0.60  

Squash 

Length of Growth 
Stages, days 

27 39 28 16 110 

Crop Coefficient, Kc 0.50   0.95 0.75   

String beans 

Length of Growth 
Stages, days 

20 30 30 10 90 

Crop Coefficient, Kc 0.50   1.05 0.90   

Sugarcane 

Length of Growth 
Stages, days 

34 83 145 88 350 

Crop Coefficient, Kc 0.40   1.25 0.80   

Tobacco 

Length of Growth 
Stages, days 

28 44 44 44 160 

Crop Coefficient, Kc 0.50   1.15 0.80   

Tomato 

Length of Growth 
Stages, days 

29 38 58 25 150 

Crop Coefficient, Kc 0.60   1.15 0.80   

Watermelon 

Length of Growth 
Stages, days 

13 28 28 41 110 

Crop Coefficient, Kc 0.40   1.00 0.75   

 

d. Compute the crop water requirement, CWR, using the following 
equations. 

ὅὡὙ Ὧ ὒzὛ Ὧ ὒzὖ Ὧ ὔz Ὧ Ὂzὅ Ὕz  

Land Soaking. The land soaking requirement is the amount of water 

needed to saturate the soil prior to the initial tilling, given by: 

ὒὛ Ὁ ὴ        for paddy rice, and 

ὒὛ Ὁ                  for diversified crops (incorporated  

with Land Preparation)  
 

Ὓ  
Ὓ ὓ   ὄ

ρππ
 Ὀ  

Where,  LS - land soaking requirement, mm/day 
 Sn - soil saturation requirement, mm 

t - number of days to saturate the soil, 7 days 
   Ev - evapotranspiration rate, mm/day 
   p - percolation rate, mm/day 
   Sc - soil saturation capacity, % 
   Mc - soil moisture content, % 
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                       Wet season paddy: ὓ ὖ  

         Dry season paddy, ὓ
 

 

  Pwp - permanent wilting point, % 
  Fc - field capacity, % 
  Bd - bulk density 

   Drz - depth of root zone, 300 mm for paddy rice 

                   and 120 mm for diversified crops  

Soil Type and Soil Properties.  The rate of Sc, Pwp, Fc, and Bd 

are selected from the table below according to the following soil 

texture. 

Soil Texture Sc, % Pwp, % Fc, % Bd 

Sand 42 6 14 1.55 

Sandy Loam 44 9 21 1.50 

Loam 46 14 30 1.40 

Clay Loam 49 17 36 1.35 

Silty Clay 52 21 41 1.30 

Clay 53 23 43 1.25 

Percolation Rate.  The percolation rate ranges from 1-15 

mm/day depending on the type of soil. In the absence of field 

measurements, the following average values may be used. Soil 
type is subject to the conformity of the Soil Technologist. 

Percolation Rate, 
mm/day 

Type of Soil 

0.06 - 2.0 Clayey Soil 

1.0 ï 3.0 Clay Loam Soil 

1.0 ï 3.0 Silty Loam Soil 

1.5 ï 3.0 Sandy Loam Soil 

2.0 ï 15.0 Sandy Soil 

 

There is no percolation rate considered for diversified crops 

since there is no ponding requirement during crop stages. 

Land Preparation.  The requirement for land preparation is the 

amount of water needed to replace the losses due to evaporation 

and percolation as well as to ponding at desired depth during 

seedling transplanting after land soaking has been satisfied. 

ὒὖ Ὁ ὴ         for paddy rice. 

 
For diversified crops, LP requirement varies in the type of crops since 

there is no ponding. 
 
Land Soaking is incorporated in the land preparation for diversified 

crops. 



National Irrigation Administration   
Project Planning Division (PPD), Engineering Department 

 

 

Pre-Feasibility Study Manual                                                                                                 51 

 
Where, LP - land preparation requirement, mm/day 

   Ev - evaporation rate, mm/day 
   Sp - depth of ponding for transplanting, 25 mm 
   tsp - number of days for land preparation  

 
The number of days for land preparation, tsp, for paddy rice is 
20mm while for diversified crops it varies for every type of crops 
and will be based on the recommendation of an Agronomist or 
refer to Table of Crop Coefficient and Growth Stages in Item 
6.3.c. 
 
Nursery.  The requirement for nursery is the amount of water 

needed to maintain the seedlings until the transplanting date. In 

practice, farmers use part of their farm being prepared for seed 

bed. The area used for nursery is not deducted from the area 

under land preparation during the simulation process. 

Therefore, it is assumed that the water supplied during land 

preparation also covers the nursery requirement. 

ὔ  ὒὖ Ὧ ὉzὝ ὴᶻ
ρ

ςπ
 

 

Where, N - nursery requirement, mm/day 

  LP - land preparation requirement, mm/day  

  kc - crop coefficient 

  ETo - reference evapotranspiration, mm/day 

  kc*ETo- crop evapotranspiration, mm/day 

  p - percolation 

  1/20  - 5% of the service area is allotted for the 

nursery bed 

 

For diversified crops, allotment of nursery beds is based on the 

recommendation of an Agronomist since not all diversified 

crops require a nursery bed. 

Field Crop Requirement.  The field or farm crop water 

requirement is computed using the following equation for paddy 

rice: 

 

Ὂὅ ὑὧzὉὝέ ὴ 

 
Where,  FC - farm crop water requirement, mm/day 

   kc - crop coefficient 
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   Eto - reference evapotranspiration, mm/day 
  Kc*ETo - crop evapotranspiration, mm/day 

   p - percolation rate, mm/day 
 

And for diversified crops, FC = (Kc * ETo), considering no 

percolation. 

 

Harvesting Requirement.  Harvesting requirement is identified 

based on the crops recommended by the Agronomist. The 

general equation for the harvesting requirement follows the 

field crop requirement for diversified crops as FC = (Kc * ETo).  

Variability of this requirement depends on each crop since they 

have different methods, frequency, and length of harvest period. 
The frequency of irrigation may be taken as five days in every 

ten day or as per recommendation by the Agronomist. Irrigation 

also ends seven days to ten days prior to harvesting for some 

crops. 

 

e. Determine the effective rainfall based on the generated rainfall 
data of the project. 

Effective rainfall, RE, is the portion of rainfall available to satisfy 
crop requirement left due to losses brought by surface runoff, deep 
percolation or evaporation that depends on the ability of the soil to 
absorb and store water in the crop root zone. RE is derived based on 
the 80% Probability of Exceedance or the Potential Effective 
Rainfall, PER by using the following equations: 

 if PER < 5.0mm   RE = 0 

 ÉÆ υȢπÍÍ Ѕ 0%2 Ѕ υπȢπÍÍ  RE = PER 

 if PER > 50.0mm   RE = 50 + 0.80(PER-50) 

 
f. Compute the farm water requirement, FWR 

 
Farm Water Requirement.  The farm water requirement is the 

water required for crops during growth from deficit of rainfall or 

basically the total crop water requirement deducting the effective 
rainfall. 

    ὊὡὙ ὅὡὙ ὙὉ 

 
where,  FWR - farm water requirement 

CWR - crop water requirement 
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   RE - effective rainfall 

g. Compute the diversion or irrigation water requirement based on the 
efficiency factor accounts for the losses of water incurred during 
conveyance and application to the field and is normally subdivided 
into three stages: 
 

1. On-Farm Efficiency. Farm waste would include over 
irrigation, untimely spilling, leakage of paddy dikes and other 
farm related wastage. 

2. Conveyance Efficiency. Conveyance losses include canal 
seepage, leakage from canal structures and consumptive use 
from vegetation along the canal. 

3. Operational Efficiency. Operational losses account for the 
reduction in the capacity due to damage on the diversion 
works, siltation, sluicing and other regulatory losses. 

 

 
Earth 
Canal 

Earth 
Canal (alt) 

Lined or 
Piped 

Lined or 
Piped (alt) 

 Wet Dry Wet Dry Wet Dry Wet Dry 

On-Farm, % 60 70 70 70 65 70 67 70 

Conveyance, 
% 

80 80 80 80 95 95 95 95 

Operational, 
% 

90 90 90 90 90 90 90 90 

Overall 
Efficiency 

43 50 50 50 55 60 57 60 

 

Irrigation Diversion Requirement or Diversion Water 

Requirement can be computed using the following equation: 

ὈὡὙ
ὊὡὙ

ὕ
 

Water duty, in unit discharge per unit area of the service area, 

but usually in liters per second per hectare or LPS/ha, is used in 

the preparation of the schematic flow diagram of the irrigation 

system, which in turn is used in the design of the canals and 
canal structures. It is derived using the computed diversion 

water requirement. 

 

ὈὡὙ ὅ ὈzὡὙ  

ὡὈ ὈὡὙzὅὪ 

Useful Conversions from cubic meter per second, CMS unit to millimeters, 

mm unit 
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Number of Days Conversion 

31 (2,678.4/D.A. in sq.km) *Runoff in CMS 

30 (2,592.0/D.A. in sq.km) *Runoff in CMS 

29 (2,505.6/D.A. in sq.km) *Runoff in CMS 

28 (2,419.2/D.A. in sq.km) *Runoff in CMS 

11 (950.4/D.A. in sq.km) *Runoff in CMS 

10 (864.0/D.A. in sq.km) *Runoff in CMS 

9 (777.6/D.A. in sq.km) *Runoff in CMS 

8 (691.2/D.A. in sq.km) *Runoff in CMS 
 

Useful Conversions from cubic meter per second, CMS unit to million 

cubic meter, MCM unit 

Number of Days Conversion 

31 2.6784 * Runoff in CMS 

30 2.5920 * Runoff in CMS 

29 2.5056 * Runoff in CMS 

28 2.4192 * Runoff in CMS 

11 0.9504 * Runoff in CMS 

10 0.8640 * Runoff in CMS 

9 0.7776 * Runoff in CMS 

8 0.6912 * Runoff in CMS 

 

Conversion of DWR in millimeters, mm to Water Duty in LPS/ha 

Number of Days Conversion 

8 DWR in mm * 0.0144676 

9 DWR in mm * 0.0128601 

10 DWR in mm * 0.0115741 

11 DWR in mm * 0.0105219 

10.4 Cropped Area Computation for Diversion Dam or Intake 
Structure  

Cropped area, CA can be computed using the following equation. 

ὅὃ
ρππȟπππzὈ ὈzὡὛ

ὈὡὙ
 

where;  CA - cropped area, in hectares 

DWR - diversion water requirement, in mm 

 DWS - dependable water supply or the 80% probability of 
occurrence of the generated inflow 

   Def - diversion efficiency, in percent 

90% for diversion and storage type irrigation system, 
runoff utilization equal 
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70% for intake and pump type irrigation system, runoff 
utilization equal 

 

Diversion efficiency takes into account the environmental flow which is 
10% of the dependable supply. Water deficit or water surplus, WSD can be 
determined by simply deducting the diversion water requirement from the 
dependable flow. 

ὡὛὈ ὈὡὛ ὈὡὙ  

ὈὡὙ
ὅὃzὈὡὙ

ρππȟπππ
 

10.5 Derivation of Area -Elevation -Capacity or A-E-C Data for    
  Impounding Dams  

A-E-C data can be derived using, but not limited to, average end-area 
method with equation as follows: 

ὠ
ὃρ ὃς

ς
ὒz 

where,  A1, A2 - area of two ends, sq.m 

 L - perpendicular distance between the two area-faces, m 

Digital Surface Model (DSM and Digital Terrain Model (DTM) generated 
from Interferometric Synthetic Aperture Radar (IFSAR) can be used aside 
from other non-conventional methods to generate contour maps with 
preferably 1-m intervals for higher accuracy than larger contour intervals. 

However, due to uncertainties of these non-conventional methods which 
are not 100% accurate affected by vegetations, the use of 
ground/conventional topographic survey is required during the Feasibility 
Study stage. 

 Sample of generated A-E-C data and A-E-C curve is shown below. 

 

 

 

 

 

Sample 10.1: Generated A-E-C Data 
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Sample 10.2: Generated A-E-C Curve 

10.6 Sediment Yield Analysis  

The best way to quantify sediment yield is to conduct actual sediment 
sampling. In the absence of actual measurement, empirical equations or 
methods may be used or applied. 

Sediment yield is required to determine the total dead storage based on 50 
or 100 years depending on the projected economic life of the reservoir. One 
method that can be used to estimate sediment yield is by using equations 
derived from the Master Plan Study on Water Resources Management in 
the Republic of the Philippines (August 1998) as follows: 

Location or 
Region 

Average Sediment Yield, 
cu.m/sq.km/year 

Equation 

Luzon 868 q=12871x -0.601 

Visayas 1,093 q=5693.7x -0.276 

Mindanao 662 q=1670x -0.1892 

 

In the equation above q is the annual specific sediment discharge 
(m3/km 2/yr) and x is the drainage area. The denudation rate in certain 
basins increases as the basin development is accelerated. Thus, the 
equation/average sediment yield should therefore be adjusted 
accordingly. 
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To determine the dead storage by using the average sediment yield values: 

ὈȢὛȢ ὃὺὩὶὥὫὩ ὛὩὨὭάὩὲὸ ὣὭὩὰὨὈzȢὃȢzὈὥά ὒὭὪὩ 

Where, D.S. - dead storage, cu. m 

  D.A. - drainage area, sq. km 

Dead storage is then converted to MCM by simply dividing cubic meters by 
1,000,000. The dam life refers to the intended service life or the economic 
life of the structure or system. 

10.7 Reservoir of Lake Evaporation  

 Lake evaporation estimates are usually obtained by multiplying the 

pan evaporation data by an appropriate coefficient. These coefficients 

have been computed for several water bodies and tend to range in value 

from 0.65 to 0.85 (WMO, 1973). A coefficient of 0.70 is applicable when 

water and air temperature are approximately equal (Kohler et al. 1955, 

1958). 

10.8 Dam Height Sizing by Reservoir Operation Study  

Criteria for Evaluation of Operation Simulation 

a. Maximum shortage in a year should be less than 35% of the average 
demand. 

b. Maximum cumulative shortage for 10 successive years should be 
less than 55% of the annual average demand. 

c. The carry-over period should be less than 24 months. 

d. The reliability of the reservoir should be equal to or greater than 
95%. 

e. Shortage should not be exhibited in three successive years. 

The general water balance equation for Reservoir Operation Study can 
be written  as: 

ῳὠ Ὅ Ὁ Ὀ 

where, V       - water volume stored in a reservoir, MCM 

ɝ6         - the change in reservoir water volume over the  
           time period, MCM 

I       - surface inflow from the surrounding land-based  
           river basin, MCM 

E       - total reservoir or lake evaporation, mm 

D       - irrigation demand, MCM 
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Sample 10.3: Summary of Reservoir Operation Simulation 
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10.9 Flood Studies 

One of the most important considerations in the design of dams and 
associated reservoirs is its hydraulic efficiency as well as dam stability 
during the occurrence of floods. To gain relatively accurate indicators on 
how the dam and reservoir will perform, flood studies have to be 
conducted. The most common and widely used methods are the following: 

a. The Log-Pearson Type III Distribution. The Log-Pearson Type III 
distribution is a three-parameter gamma distribution with a 
logarithmic transform of the independent variable. It differs from 
most of the common probability distribution models in which the 
three parameters: mean flow, standard deviation and coefficient of 
skew, are necessary to describe the distribution. By judicious 
selection of these three parameters, it is possible to fit just about 
any shape of distribution. The probability density function is: 

Ὢὼ
ρ

ὼȿ‍ȿῲ‌

ὰὲὼ ‎

‍
Ὡὼὴ

ὰὲὼ ‎

‍
 

Input is the peak discharge of a particular river gauging station. 

Procedure in the Computation of Log Pearson Type III distribution Method              

1. Column 1 & 2 Tabulate peak annual events in order of magnitude (in 

descending order) as in Column 2 and indicate the corresponding year of 

occurrences as shown in Column 1. 

2. Column 3 Compute for the plotting position (Hazen) which is given by 

the following equation. 

ὖὖ
ςά ρ

ςὲ
 

  Where: 

   P.P. = Plotting position 

developed by Hazen in % 
   m = order of 

magnitude 

   n = number of peak 

annual events 

 

3. Column 4 Return Period in years. 

4. Column 5 Get the corresponding value of logarithms for each annual 

event (x). Take the summation of this value and divide it by the number of 

annual events to get the mean value of the logarithms (M). 

 

5. Column 6 Subtract the mean logarithm from the logarithm of each peak 
annual event (X-M). 
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6. Column 7 Get the squared value of each item in Column 6 and take the 

sum (X-M)2. 
7. Column 8 Get the cubed value of each item in Column 6 and take the 

ÓÕÍ ÁÌÇÅÂÒÁÉÃÁÌÌÙ ɫɉ8-M)3. 

8. Compute the Standard Deviation, S, of the logarithms: 

Ὓ
В ὢ ὓ

ὲ ρ
 

 Compute the Coefficient of Skewness, G: 

Ὃ
ὲz В ὢ ὓ

ὲ ρᶻὲ ς Ὓz
 

9. Column 9 corresponding percent of time of probability of exceedance 

with respect to return period. 

10. Column 10 Take in K, frequency factor values, using the Harter Table for 

the computed value of G of the logarithms with respect to the selected 

recurrence interval or percent chance indicated in Column 9. Interpolation 

may be needed. 

 

11. Column 11 Applying K to S, compute for the logarithms of the discharge 

at selected recurrence internal or percent chance using the formula: 

                      Log Q = M + 

KS 

12. Column 12 Find the Antilog of Log Q to get the flood discharge Q. 

13. The frequency line can be drawn by plotting each Q value versus its 

respective percent chance on log normal probability paper and drawing a 

continuous line through the plotted points which should fit the data in 
Columns 2 and 3. 

14. Based on the length of record N and average recurrence interval and or 

probability of exceedance get the confidence limit factor F for the 5% and 

95% confidence limit for the selected recurrence interval or percent chance. 

These confidence limits are used to evaluate whether a mean concentration 

is within the mean-based criterion using lower and upper confidence limits. 
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Sample 10.4: Computation of Peak Discharge by Log-Pearson Type III 
Distribution 

 

b. Regional Flood Frequency Analysis. The hydrologic design of an 
irrigation system and other infrastructures used to safely pass flood 
discharge of various recurrence intervals always requires a detailed 
evaluation of historic flood events. In the absence of continuous 
discharge observations to synthesize the design flood hydrograph, 
the Regional Flood Frequency analysis is usually adapted. This does 
not mean that this procedure is superior to other methods available. 
However, some of the advantages are ease in application, wider area 
of coverage, consistency of usage and high acceptability. The 
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procedure has also been used as a second estimate to compare other 
methods and procedures. 

The main objective of the regional flood frequency analysis is to 
develop curves or equations which may be used to estimate for any 
catchment within a homogenous region the peak discharges of 
various recurrence intervals. The procedure adapted is the Index 
Flood Method which utilizes statistical analyses of data at 
meteorological and hydrological similar gauges. There are two parts 
of this method. The first consists of developing the basic 
dimensionless ratio of a specified frequency flow (usually the 10-
year flood) to the index flow (usually the mean annual flood) and the 
second involves developing the relation between the drainage basin 
characteristics (usually the drainage area) and the mean annual 
flood. The following procedure will guide and equip the user in 
meeting the objective of the analysis. 

 
Procedure in the Computation of Regional Flood Frequency Method              

1. Flood frequency analysis for each single station in a region is conducted 
using all peak discharges as main input, taking note of the drainage area 
and the period of record. The Log-Pearson Type III distribution is utilized 
in the analysis per recommendation by the Water Resources Council of the 
USA as a base method. This should be performed for all the available 
stations within the region. 

 
 
Sample 10.5: Summary of Parameters derived using Log-Pearson Type III Distribution for 

Antique Province 

 
Compute for Log X and Log Y. this will be used in determining the 

Regression Equation using MS Excel Data Analysis (Data > Data Analysis > 

Regression > Ok > Select Log Y data series as Y Range and Log X for x Range 

> Ok 
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Sample 10.6: Summary Output of Regression Analysis using MS Excel 

2. The output of the Log-Pearson Type III distribution are the peak flood 
discharges for various return periods using the basic statistics of the peak 
discharges of the station, namely, Log Mean, Log Standard Deviation and 
Log Skewness.  
 

3. Perform the homogeneity test. Applicability of the regional flood frequency 
is limited within the bounds of the homogenous region where it was 
developed. The regions which are considered hydrologically homogenous 
are delineated on the basis of similar climatic pattern, topography, 
drainage network and soil properties. The homogeneity test is used to 
discriminate against those not statistically compatible. This is done with 
the use of control bands developed by Dalrymple (1960). The 10-year flood 
for each station is determined from the flood frequency curve and the ratio 
to the mean peak discharge is calculated. The ratios are then averaged to 
determine the standardized ratio. The standardized ratio will be multiplied 
to the mean peak discharge to obtain the equivalent adjusted mean peak 
discharge. Using the equivalent discharges and applied to the flood 
frequency curve, the adjusted return period is determined. Interpolation is 
suggested for ease in computation. The adjusted return period and the 
corresponding period of record for each station will be subjected to the 
control bands (upper and lower limits) developed by Dalrymple 
(coordinates are shown below). Those falling outside the control bands are 
rejected and will be deleted whereby the procedure is repeated until the 
remaining stations pass the test.  
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Upper and Lower Limit Coordinates of Envelope Curve for Homogeneity Test 

  Length  Return Period Limits, Tr   

  of Record, L in yrs.  Tu Tl   

  5  160 1.2   

  10  70 1.85   

  20  40 2.8   

  50  24 4.4   

  100  18.0 5.60   

  
 
      

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample 10.7: Homogeneity Test 

 
Data points outside the envelope curve shall be removed. Remaining data 
points shall be re-evaluated for homogeneity test until no data points are 
outside the envelope curve. Such time, the data points can now be 
subjected for flood frequency analysis. 
 

4. The parameter used as the basis of the regional analysis is the drainage 
area. The relationship between the drainage area and mean peak discharge 
is determined by regression/correlation analysis (also known as the Least 
Square Method) and is defined by the following equation: 
 

Y = a * Xb 

 

Where    Y = mean peak discharge 

    X = drainage area 
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    a & b = coefficients, intercept & slope  
This is linearized into: 

Log Y = b LogX + Log a 
 
The drainage area, the mean Q peak, N (no. of data), standard deviation 
(S.D.) and coefficient of skewness (g) for the stations in the homogenous 
region are tabulated. The logarithms of the mean, standard deviation and 
coefficient of skewness are also taken.  A regression relationship between 
drainage area and logarithms of mean Q peak in the form Log Y = Log a + 
b*Log X is developed. The correlation coefficient should be equal or greater 
than 75%.  
 
Using the derived equation in Item 1, Log Y = Log a + b Log X, where X is the 
Drainage Area as shown in the table below. 

 

 

 

 

 

 
 

From this relationship, the regional flood frequency curves for selected 
recurrence intervals are calculated using the equation mentioned. The 
average log standard deviation and log skewness for the region are 
calculated with the latter to be used in determining the corresponding K 
values for each return period tÁËÅÎ ÆÒÏÍ ÔÈÅ (ÁÒÔÅÒȭÓ 4ÁÂÌÅȢ 4ÈÅ 
logarithmic peak Q for a specified drainage area, say 10, 100, 1000, 10000, 
for each recurrence interval with corresponding value of K is calculated 
using the equation; 
   

Log Q = M + KS 
 

            Where   M = logarithmic value of peak Q 
 + Ѐ ÆÒÅÑÕÅÎÃÙ ÆÁÃÔÏÒ ÆÒÏÍ (ÁÒÔÅÒȭÓ 4ÁÂÌÅ 
 S = average log standard deviation 
 Q = is the antilog of Log Q 
 
 

5. The regional frequency curves can now be plotted in a log-log paper for 
every computed value of Q with each specified drainage area for every 
recurrence interval as shown in Figure 10.3.  
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6. A design flood discharge can be determined for each specific return period 
using the derived regional flood frequency curves using the catchment area 
as input.  

 

 

Figure 10.3: Regional Flood Frequency Curve for Various Return Period 

c. The SCS Unit Hydrograph Method. The unit hydrograph method, 
which is proposed by the Soil Conservation Service (SCS), is used in 
determining the design flood of major water resource structures. It 
is a comprehensive method and requires extensive work that 
tackles hydrograph data of previous flood events, design rainfall of 
various intensities and catchment characteristics. The method is 
divided into three procedures; the first part is the derivation of the 
unit hydrograph; the second part is the design storm calculation and 
the third part is the computation of flood hydrograph.  
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Figure 10.4: Sample Delineation of Watershed 

Derivation of Unit Hydrograph.  One important concern in 
deriving a unit hydrograph is the determination of lag time, Tl. Lag 
time in hours is the time from the center of excess rainfall to the 
peak volume of hydrograph. For ungauged catchments, the use of 
catchment characteristics and empirical formulae are used to 
determine the lag time. 

River/ 
Stream 

Drainage 
Area, 
sq.km 

Length of 
Stream, 
km 

Riverbed 
Elevation, masl 

Highest 
Point, masl 

Average 
Slope, m/km 

Stream-1 33.3 15.55 110.0 1,055.00 60.772 

Stream-2 36.3 14.20 110.0 787.00 47.676 

The slope, S, of the river was computed as the slope of the river 
stretching from the highest point of the watershed ridge to the point 
of inflow at the damsite. 

To compute the lag time, one may consider its relationship to the 
time of concentration, Tc. Various research found that for average 
natural watershed conditions and an approximately uniform 
distribution of runoff, lag time is 0.60 of the time of concentration. 
The time of concentration, Tc, is commonly defined as the time for 
runoff to travel from the hydraulically most distant point in the 
watershed to the point of inflow. Graphically, it is also defined as the 
time from the end of excess rainfall to the point of inflection on the 
receding limb of the unit hydrograph. Tc can be computed using the 
Bransby-Williams equation as shown below. 

Ὕὧ
Ὢὒ

ὃȢὛȢ
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,where  Tc - time of concentration, in hours  
   f - 0.975, factor of proportionality, in sq.km 
   L - length of stream/river, in km   
   A - drainage area, in sq.km   
   S - main stream slope, m/km 

Figure 10.5: Relationship of Lag Time and Time of Concentration 

From the figure shown, it has a time to peak at one unit of time and 
point of inflection at approximately 1.7 units of time. Using the 
relationship Lag = 0.60Tc and the point of inflection as 1.7Tp, time 
of peak, Duration, D, can be assumed at 0.20Tp. 

Ὕ Ὀ ρȢχὝ 

Ὀ

ς
πȢφπὝ Ὕ 

Combining the equations, D = 0.133Tc. 

Using these values, the peak discharge, qp, can now be computed 
using the equation.  

ή
πȢςπψzὃ ήz

ὸ
 

Where,  qp - peak discharge, CMS/mm 

A - drainage area, sq.km 

q - equivalent storm unit runoff equal to 1 
millimeter  

tp - time to peak, hrs 
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   0.208 - adapted peak rate factor 

To develop the unit hydrograph, the ordinate is taken as the values 
in a dimensionless ratio q/qp and its abscissa values as t/tp, where 
q/qp can be computed as shown: 

ή

ή

ὸ

ὸ
Ὡ

Ȣ

 

The derived dimensionless unit hydrograph was used in converting 
the time distribution of excess rainfall into runoff hydrograph. The 
graphical representation as well as the ordinates are shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Design Storm Calculation.  Generally, the design storm represents 
the largest storm that produces probable maximum precipitation of 
specified duration within the catchment. However, in some cases, 
the design storm of different recurrence intervals is determined in 
order to estimate floods of different return periods. The data of 
various storms/typhoons can be collected as Rainfall Intensity-
Duration-Frequency (RIDF) data from PAGASA Office or from their 
observatory stations nationwide. 
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Available RIDF data are limited to 100-year period, thus there is a 
need to extend up to 10000-year period as required by dam Design 
Engineers. By Regression in logarithmic function of the dependent 
variable Y which is the RIDF data value and its corresponding return 
period as independent variable X.  

 

Using the derived equation for each time duration, up to 10000-year 
return period can now be computed. 

 

 

 

 

 

 

 

 

Table 10.2: Extended RIDF data 

From the extended RIDF, at every return period arrange the data 
wherein the time duration as the independent variable X while the 
corresponding RIDF value as the dependent variable Y. By 
regression in logarithmic functions of X and Y, the RIDF Curve and 
equivalent Curve equation at each return period will be obtained. 
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Table 10.3: RIDF Curve Data and Equations 

 

Figure 10.5: Sample RIDF Curve for Various Return Periods 
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Sample 10.8: Design Storm Computation 
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For the design storm computation shown above, time duration (Col 
A) is based on the unit hydrograph time interval. Using the derived 
RIDF Curve equation for each equivalent return period, 
accumulated rainfall (Col B) is derived where x-value is the time at 
column A. Increment rainfall (Col C) is the difference of Col B and 
Col C at the previous time interval. Column D is arranged column C 
in decreasing order. Peak discharge was assumed that the n-hour 
increments of the rainfall were rearranged so that the peak occurs 
at 2/3 sequence of the rainfall hyetograph as shown in column E. for 
the Initial Loss at column F, is the amount of rainfall that occurs 
before surface runoff starts while continuing loss is assumed to be 
the average loss rate throughout the remainder of the rainfall event. 
Then the total excess rainfall (Col G) is the residual of rearranged 
rainfall less the initial and continuing losses. 

Flood Hydrograph by Convolution.  The volume and duration of a 
flood are the two important factors to be determined in the 
estimation of the design flood for a given water source. The re-
arranged excess rainfall was applied to the unit hydrograph by 
convolution process.  

 

General Procedure of the Convolution Process of Design Storm versus UH 
Ordinates 
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Table 10.4: Sample Convolution Output 

Peak discharge during a storm does not consist solely of surface 
runoff, it also includes direct runoff from direct rainfall at the time 
of storm and the baseflow. From Table 8.5, column A is the 
computed surface runoff from the convolution while direct rain is 
the rearranged rainfall from design storm calculation. Take note 
that each Return Period from 2-year to 10000-year has their own 
set of data. Direct runoff under column C is derived from direct rain 
by using the following equation: 

ὙόὲέὪὪ
ὃ ὼὙ

ὸ
ὼ πȢςχχχχχχ 

,where; Ares - Reservoir surface area, in sq.km 

Rd - Direct rainfall  

  ti  - time interval/increment  

 

Direct rainfall or the re-arranged rainfall and time interval are all 
based on the design storm computations. 

For the baseflow, using the empirical equation: 

ὄὥίὩὪὰέύπȢπφσὈὃȢ  

Thus, the total discharge as shown in column E, is the sum of surface 
discharge, direct runoff and the baseflow (Qt= col A + col C + col D). 
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Table 10.5: Sample Computation of Peak Discharge at a Return Period 
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Figure 10.7: Sample Graph of Peak Discharge for Various Return Period 

 

10.10  PAGASA Climate Change Projection Consideration 

Adjustments are made to have a semblance of the Climate Scenario of the 
project and it is per the latest PAGASA Observed Climate Trends and 
Projected Climate Change. 

For the Unit hydrograph method, adjustment is made in the RIDF data 
while the Log-Pearson Type III Distribution Function and the Regional 
Flood Frequency adjustments are made on the computed peak inflows. 

 

Activity 11:  DETAILED GEOLOGIC ASSESSMENT 

 

This activity will commence after the final dam site location is set in Activity 5. The 
expected outputs are: Geologic considerations as input in the plan and design and 
recommendations in the next stage of geologic investigation should the project 
proceed to a full FS 

11. 1 Data Integration  

ǒ Integrate and analyze the obtained data from both the desk 
review and the field geologic assessment in order to assess the 
suitability of the proposed project site in terms of geology, 
including the anticipated engineering geological conditions of 
the rock masses. 
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ǒ Generate and present appropriate maps for the pre-feasibility 
study report. These should be at a readable scale and contain 
essential elements such as coordinates, legend, scale bar, etc. 

o A regional geologic map of the project area. 

o Structural map to illustrate the relationship of the project 
area to lineaments, faults and other such structural 
features. 

o Traverse map illustrating outcrop locations and their 
lithology and structures observed. 

 

11. 2 Recommendation  

ǒ A basic recommendation on whether or not to proceed to a full-
blown feasibility study, insofar as geologic factors and conditions 
are concerned should be made based on the following criteria: 

o Presence of firm and sound foundation, inclusive of 
engineering support measures. 

o Geologic hazards should not present catastrophic risk to the 
prolonged existence of the project after completion 

ǐ Examples to be avoided include: damsite is 
transected by active fault, impounding reservoir 
lithology consists of cavernous limestone implying 
poor watertightness, etc. 

o Presence of potential sources of construction materials 
identified, located within an economically reasonable 
distance from the project, corresponding to the proposed 
dam design (e.g. earthfill, rockfill, etc.) 

ǒ Highlight activities to be conducted should the project proceed to a 
full -blown feasibility study, such as: 

o Detailed geologic mapping as required; may assist in 
determining the depth of boreholes for sub-surface geologic 
investigation in the future. 

o Potential geophysical methodologies to be utilized as 
required, insofar as potentially problematic lithologies such 
as limestone, unconsolidated recent volcaniclastics, etc. 

o Further investigation on geologic structures as needed. 

o Project and estimate the volume of available construction 
materials in the vicinity of the project site. 
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Activity 12:  IRRIGATION CANAL ALIGNMENT PLAN AND 
IDENTIFICATION OF DEVELOPMENT COST 

 

This activity will commence right after the refinement of potential service 
areas by the Irrigation and Drainage Engineer in Activity 3. This will assess 
if the project area is capable for irrigation thru gravity flow as well as a 
rough estimation of the project development cost for irrigation and 
drainage development as inputs to the Preliminary Project Viability 
Indicators in Activity 17. The expected output of this activity is the 
Irrigation Network Layout and estimated cost of the proposed project. 

12. 1 Preliminary Design for Irrigation Network  

Irrigation alignment can be designed using Google Earth Pro (Freeware) or 

AutoCAD Civil 3D application (provided a generated Topographic Map will 

be used). Start the main canal at the highest point right after the proposed 
conduit outlet, sluice gate or intake structure. The main canal should be laid 

to maximize the service area to be served for irrigation by gravity flow from 

the start up to the farthest identified area. Areas that cannot be traversed 

by the main canal can be reached by proposing lateral canals.  

Example of Irrigation Network Layout using Google Earth Pro is shown in 

Figure 12.1  while the example of the layout using AutoCAD Civil 3d 

Application is shown in Figure 12.2.  Main features are main and lateral 

canal alignments, northing arrow, scale bar, legends used and title block for 

plan details. 

12. 2 Checking of Canal Profiles  
 

Profiles of the proposed main and lateral canals can be checked using: 

1. Google Earth Pro Application ɀ Ȱ3ÈÏ× %ÌÅÖÁÔÉÏÎ 0ÒÏÆÉÌÅȱ ÆÏÒ Á ÇÉÖÅÎ 

Path; and 

2. Civil 3D Application ɀ Ȱ!ÌÉÇÎÍÅÎÔȱ ÁÎÄ Ȱ0ÒÏÆÉÌÅ #ÒÅÁÔÉÏÎȱ ÔÏÏÌ 

to ensure a smooth gravitational water flow and minimal cut and fill 

section. Profiles generated examples using Google Earth Pro App and Civil 

3D App are shown in Figure12.3 and Figure 12.4,  respectively. 
 

11. 1 Irrigation and Drainage Facilities  

A good preliminary estimation for irrigation and drainage facilities is to 

adapt an established development cost per hectare for any existing/on-

going project within the Region (within the province is much better) 

provided that the cost per item were derived not more than 5 years upon 

the approval of its Program of Work (POW) for construction or a detailed 
unit cost derivation of a Full-Blown FS.  
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Figure 12.1: Sample Irrigation Network Layout using Google Earth Pro 

 

 










































































































































