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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 Projec
Planning Division, Engineering Department (PP{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 tahe previous Project Planning Division ManageEngr.
Reynaldo L. Baloloy with the guidance and full support of the previous Administrator,
Gen Ricardo R Visaya (Ret), the Deputy Administrator for Engineering and
Operationsh %1 CO8 # 6 ihe Qrevioud Manéyk & Erifjineering Department,
Engr. Lydia S. Esguerra and the previous Head of the Project Investigation and
Validation SectionEngr. Ariel M. Bafia.

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.

ENGR. OTHELLO L. RAZON
Acting Manager
Engineering Department

HUGZ
JNNZ
HSPz
RPEZ
ITx

%. ' 28 #6:12 -8 35,!)+
Deputy Administrator
for Engineering and Operations

Decembe2022
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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 irFigure 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 inFigure B.

A Pre- FS phase is necessary before going into a fillown 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:

O«

Hydrology

¢

Geology

O«

Planning and Design

O«

Irrigation & Drainage

Land Use

O«

O«

Agriculture

O«

Hydro-geology

O«

Surveying and Mapping

O«

Projed Cost

Economics

O«

Ox¢

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 prdeasibility
grade assessment for engineering dggns, 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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PROJECT PREPARATION
PROCESS FLOW
PROJECT
IDENTIFICATION T
Problems i CONSTRUCTION
Needs PHASE
Potentials Tessmaspmiey T e
PRE-FEASIBILITY STUDY DETAILED PRE- PROJECT
Technical, Economical, ENGINEERING CONSTRUCTION AUTHORIZATION
Financial, Environmental DESIGN ACTIVITIES Loan Proposals
and Social analysis using Design of Acquisition of Loan Appraisal
Secondary Data structures, ECC/ CNC, EGGAR, Loan Negotiation
Detailed Project Tree Cutting
Specifications, Permit, GSUP in
r Derivation of lieu to SAPA and
POW for SLUP
construction
No| Discontinue A A
EIRR 2 the project, T
10% File to RIO
Yes SECURE/PRIORITIZE FOR
FUNDING
Proceed to Detailed Engineering
SECURE/PRIORITIZE FOR FUNDING Design

Proceed to full-blown
In-house FS (Organize Technical Team) or
Outsourced FS (Procurement of Consultant)

|

VALUE ENGINEERING/
VALUE ANALYSIS
Providing necessary functions in
the project at the lowest cost,
Final Scheme of Development

Acceptable
with EIRR >
10%

Feasibility Study

Report will be
submitted to RIO
v
FEASIBILITY STUDY
Technical, Economical, Financial,
Environmental and Social RIO - Regional Irrigation Office

EIRR - Economic Internal Rate of Return

ECC - Environmental Compliance Certificate

CNC - Certificate of Non-Coverage

EGGAR - Engineering Geological and Geohazard Assessment Report
GSUP - Gratuitous Special Used Permit

SAPA - Special Use Agreement in Protected Area

SLUP - Special Land Use Permit

analysis using Primary Data

Figure A: Project Preparation Process Flow for NIPs
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N za l’ . t‘ At . z z4
PROJECT IDENTIFICATION REPORT OUTLINE
Newly Proposed National Irrigation Project (NIP)

1. PROJECT DESCRIPTION

1. Name of Proposed Project (MC No. 05, S. 2017):
Location (Barangay, Municipality) :
Coordinates of Proposed Diversion Point :

Drainage Area (sq.km.) :

Type of Diversion Works :
Proposed Water Source(s) of the project
a. Main Source/River :
b. Supplementary Source :
7. Estimated Potential Area

o A e

Season
Wet Dry
a) Presently Irrigated Area

b) New area to be generated

TOTAL

8. Existing Irrigation System/s of NIA, DA/LGU within the project (if any)
i Cropping Area
Nameof Coordinates of pping

cIs DiVijSiO” FUSA | Operational Non -
Point Area Operational

Wet Dry

9. List of Municipalities and Barangays to be covered by the project:
10. Crops Area and Production:

Irrigated Rainfed

Wet Season Dry Season Wet Season Dry Season

Type of Crops
planted (e.g. rice)
Planted /Harvested
(ha)

Yield (tons/ha)

11. Start of Cropping Season / Existing Cropping Calendar:

12. Dominant Soil Type:

13. Number of Potential Farm Beneficiaries:
I1. SCHEME OF DEVELOPMENT (state full description of the proposed project)

III. PRELIMINARY ENGINEERING DATA

1. River Discharge at the time of visit :

2. River Discharge at low flows (dry months) :

3. Existing Water Rights along the proposed water resource(s)

Total Allocation

(Falps) Classification

River/ Reference
Creek Number

Page 1 of 2
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N ;‘ e’ . t. A [ . z z-
5 PROJECT IDENTIFICATION REPORT OUTLINE
Newly Proposed National Irrigation Project (NIP)

4. River bed elevation at point of diversion :
5. Elevation of potential Irrigable Area
a. Highest:
Lowest :
b. Average slope of potential area :
6. Layout (Google Earth Map Delineation)
a. Drainage Area Delineation
b. Proposed diversion point (dam site)
c. Limits of Potential Irrigable Area including existing service area, if any
d. Location of existing dam site (existing CIS), if any
e. Location of existing canals
f. River alignment and Roads/ Trails
7. Construction Materials available within the project area/dam site (within 2km)

Sand __ insmall quantity _ sufficient
Gravel __ insmallquantity @ ___ sufficient
Boulders __ insmallquantity @ ___ sufficient

Others (Specify)
insmall quantity @ __ sufficient

IV. ENVIRONMENTAL AND SOCIAL
1. Presence of Indigenous People (IP) within the project area (Preliminary Survey)
a. AtDam Site:
b. At Reservoir Site :

c. AtProposed Service Area :

2. Presence of Protected Area within the project site:

3. Possible affected People, Households/ Structures :
a. At Dam Site:
b. At Reservoir Site :
c. AtProposed Service Area: ____

4. Peace and Order Situation
a. AtDam Site:
b. At Reservoir Site :

c. AtProposed Service Area :
5. Other remarkable issues observed on site (e.g. siltation, quarry, erosion, etc.)

V. ACCESSIBILITY TO THE PROJECT SITE

1. Are there access going to:

a. Diversion site: (Y/N)
b. Watershed : (Y/N)
c. Service Area:__ (Y/N)

Page 2 of 2

Figure B: Project Investigation Report Outline
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Activity 1: Desk
Review

A 4

Activity 2:
Fieldwork
Validation of
Geologist and
Dam/Planning
Engineer

Activity 5: Final
Dam Location

v

Activity 3:
Fieldwork
Validation of
Irrigation &

Activity 9: Fieldwork
Validation of
Environmentalist,
Watershed Specialist
& Sociologist

Activity 14: Final
Scheme of
Development

Activity 10:
Hydrologic Analysis

A 4

Activity 11: Detailed
Geologic Assessment

Activity 12:
Irrigation Canal

Activity 15:
Environmental,
Watershed and
Social Assessment

\ 4

Activity 16: Project

Drainage Engineer Alignment Plan and Cost Estimates
and Soil Identification of
Technologist Development Cost
Activity 6: Area
Features and s
Present Land Use
Activity 4: v
Fieldwork e . Activity 17:
| Validation of »@ eclt‘;"ty 7: Ffle]d Activity 13: Preliminary Project Activity 18: Report
of G-eodetlc Aal dud 9 d *| Agricultural Viability Indicators | and Layout
Engineer gronomistan Assessment (EIRR, NPV and BC Preparation
Economist Ratio)
Activity 8: Aquifer
Identification and
Well Inventory
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 exting 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 adanced software like GIS and CAD.

il Determination of Climate Type of the Project Area

a. Determine the prevailing Climate Type of the area based onthe )
#1 OT 1T A6O #1 AOOEZEAAOQEI I 3UOOAI A
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>

ALLY

watershed area has different Climate Type to the potdial
service area.

N

N
18N

N
16
| VERY FREQUENT
32%

FREQUENT
16%

|

6E 1N
12N
FREQUENT
19%
FREQUENCY OF TROPICAL CYCLONES

N
10N

LESS FREQUENT
%

RARE
1%

6N

N : ¥ .
% . Celebes Sea
v

IR

e

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.pr}/ 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 Rainfall data, Climatological Normals
(Agrometeorological | (Climat) data, Evaporation data
) Station

Evaporation Station | Evaporation data

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

Pre-Feasibility Study Manual 7
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The rainfall stations should belong to the same climatic type
AO OEAO 1T &£ OEA DPOT EAAOSO AAOAEI .
depending on the area of tsidy.

The availabledaily 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 otheearby
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 exposureto 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, Humdity, 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).

V. 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 avéable on Department of Public
Works and Highways z Bureau of Design (DPWHBOD)
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 stationssi based on
the following Criteria of selection as stated below.

The gauging stations should be at least close or adjacent to

OEA DOl EAAOS8O AAOAEI AT O AOAA Ol
the said catchments have similarity in physical
characteristics like slope, forest cover, and soil composition.

Pre-Feasibility Study Manual 8
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The availabledaily 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.

[7 Streamflow Management System X+

< C & appsdpwh.gov.ph

NBA-ESPN & PPDEDOnline ¥ NAMRIA|Map % NIADocs/HFS @ IWMIOnline Climat... [Jl} NIA - Accounts

partn ‘m\.ays@ Home Streamfiow Records ~
@ Streamflow Manage fErrae _
Department of Public Works and Highways SRR en s :ERl-ts Division
Flow Duration Curve
National Hydrologic De . Program (NHDCP)
March, 2016 Location Map

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

V. Identification of Water Rights Grantees

The National Water Resources Board (NWRB) is-tharge 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

O«

Plot project area onto geological map from Mines & Geosciences
Bureau

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 foregn-assisted
mapping projects (e.g. RBICA, RFGermany) 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.

O«
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0 Conduct a morphestructural 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
-APPAO AOA8 |, 11T E Al QuresAdrossingOtieA A A
proposed project area as this may be related/associated with the
nearest regional tectonic feature and this may be seismically
significant to the project.

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

0 Consult DENR Administrative Order No. 2000
28/Memorandum Circular No. 200033 for a complete list
of geologic hazards to consider

(@]

0 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.

O«

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

0 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.

0 Morpho-structurally analyze structures of engineering significance
such as geological lineaments through visual inspection of DTM or
satellite image data using remote sensing an@IS 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 arrivingwith 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
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engel AARO6O AGPAOEAT AA AT A ET OOEOEIT EI
will require and revolve around the available maps, please se&ctivity 1 4.
2.1 Topography as additional reference.

The result/expected output of this activity are generated maps wh
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 BBMPdam 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 irdrmation, the Dam Planning and
Design Engineer will conclude the possible scheme of development for the
project, please seeActivity 1 4 FINAL SCHEME OF DEVELOPMENSS
additional reference.

1.4 lrrigation and Drainage

w

0 Check and verify the layouts of potentialirrigable area and
alignments of existing canal, if any, on the submitted Project
Investigation Report.

O«

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), ddineation 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 d@a, 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) ontrols 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
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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 dsciplines 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 landmarkgresented

in a proper title block with corresponding legend, numerical and
graphical scale, general notes, index map with a north arrow, etc.
(SeeFigure 1.2 z Sample Location Map)

1.6 Agriculture
i.  Desk Review of Secondary Information

Assess all the secondarinformation 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 barmangays 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

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

i-2.  Additional Information/Data

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

(a) Municipal socio-economic profile (LGU website)
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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 | http://google earth.com
municipalities and barangays| http://www.namria.gov.ph
covered by the project area,
maps, or aerial photographs if
available) or satellite images

Existing Irrigation System/s of NIA-Field Office
NIA, DA/LGU (operational area, | NIA-IMO
wet and dry season)

1.8 Groundwater Investigation

Identify location of existing wells in the area andsites 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 GlSbased Groundwater Development Database as welks
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 availde 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 regioral geology, seismology and
hydrogeology of the proposed project site. Primary data will be
taken from the Lexicon of the Stratigraphy of the Philippines by
Pefa (2008), Geology of the Philippines (2010) and from Philippine
Institute of Volcanology and Seisology (PHIVOLCS) website.
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1.9

Environmental Watershed and Social Aspect

Discipline Involve: Environmentalist/Forester/Social Expert/
GIS Expert

Delineation of Study Area

Delineation of primary and secondary impact area through
Geographic Information System based on the laput 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 gwice 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.

Collection of Secondary Data

It involves preparatory work that includes secondary data
gathering and thematic maps generation to initially assess the
project area prior to fieldwork.

0 Generation of Thematic Maps

A thematic map is a type of map that portrays the geographic
pattern of particular subject matter ina 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 cove&/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. Tde below is the summary of the
process, the data requirements and the sources.

Process Data Requirements Source/s

Gene
initial
maps

ration of - Location Map (Watershed | Google earth

thematic area and service area) IFSAR

- Administrative Map Geoportal

- Land cover/use maps NAMRIA

- Legal LandClassification
Map
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- Tenurial Map (Protected
area, Ancestral Domain
Area, National Greening
Program areas,
Community Based Forest
Management Agreement
Area, Mining etc.)

0 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. Theanstitutions should be considered, but not limited
to the following:

N Community Environment and Natural Resources Office

~

(CENRO)

N Provincial Environment and Natural Resources Office
(PENRO)

N Municipal Environment and Natural Resources Office
(MENRO)

N National Commission on Indigenous People (NCIP)

N Provincial Mining and Regulatory Board (PMRB)

N Municipal Planning and Development Office (MPDO)

N Municipal Assessor's Office

N Municipal Agriculture Office

N Municipal Health Office

N Protected Area Management Bureau

N 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 PreFS 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
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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 Pré&S stage agro
economic data gathering. This actiwt 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 | Source | Remarks
r
Informati
on
Commo | World APink Sheeto access
dity Bank https://www.worldbank.org/en/research/commaodity-
Price markets
Data /
Export
Prices
Costand | Philippi | Cost and returns by geolocation for various crops may be
Returns | ne accessed from openstat.gov.ph under the heading for
Statistt [AAgricul tur al Accounts, 0
cs https://openstat.psa.gov.ph/PXWeb/pxweb/en/DB/DB__ 2B AA
Authori | _ CR/?tablelist=true
ty
(PSA)
Farm PSA Farmgate Prices (New Series) may be accessed from
Gate openstat.gov.ph under the hea
Prices https://openstat.psa.gov.ph/PXWeb/pxweb/en/DB/DB__2M N
FG/?tablelist=true
Producti | PSA Production Costs may be accessed from openstat.gov.ph under
on Costs t he heading for AEC O]

https://openstat.psa.gov.ph/PXWeb/pxweb/en/DB/DB__2B__AA

___CR/?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 actiity 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 dumg the desk review (Activity

1) will determine the need of updating available data. Up to date data like
rainfall, Climatological Normals, and Rainfall IntensityDuration-
Frequency (RIDF) data can be acquired from PAGASA being the major
weather agency ofthe 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 fons
presented inTable 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 nerecording
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 rejuired 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 possible 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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Form no. 2301
MNAICHEL IRRIGAICN ACMNSIRAICIN Dist. from Obs,  |Difference| Section VELOCIT ¥ (mps)
Initial P oint | Dis@nce | Depth | Depth** in Wwidth |Revolution| Time RPS |Recorded| Mean Area Discharge
DISCHARGE MEASUUREMENT NOTES () [m] [r1] Counts [am) 2] [mps] [mm] [
Meas No.:
Compt'd by :
Checked by :
Station:
Location :
Date: . Partyr:
Width 9.0 Area sqrn. , vel mips, Disch CIE
Method No.Secs G.H. change meter hrs, Susp,
Method coef, Hor Angle coef Sugp, Coef, Meter Mo,
Date rated Tsedrating
GAGEREADIN G forrod susp. Meter
above bottomwte Tags checked
Time Recorder | Inside | Owside | Spin before meas. after
Wading, cable, boat, upstr, downstr,
side bridge ,m ater, ahove, below
gage, and
Che ck-bar, chain found
changed to at
Correct
Lewels obtained :
Note: Start:
End:
Weighted M.GH, Method Used:
GH. correction W eather:
Correct M.GH.
Measurement rated excellent (2%), goo d (5%), fair (8%, poor [over 10%4), ba s=d {f,
Conditions: Cross secton , Floer , Weather
Other . Air Fi@ W ater Fi@
Record remowved . Intake flushed
Ohzerwver :
Control
Remarks:
GH. of zero flow Meter
MNote: * reckoned from water surface Total Cross-Sectional Area= sgIm
##ara depth of 0.5m and above, use two point observation procedure Total Discharge [Computed) = CH3
Flowm eter Instrument used ! lezs % error (based on measuremert rate) :
Total Dischar ge (A djusted) = CM3
Table 2.1: Discharge Measurement Form Total Discharge (Adjusted) = LPS
Awerage Velocity = my zec
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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. ldentification 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,
rangefinder

0 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 visa-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 cavemus 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.

O«

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

0 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 fulblown feasibility
study.

O«

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 aporoach 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 lochon 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 existia 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 assessmenif 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 potatial 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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>

ALLY

(@]

Redz Proposed New Canal Alignments

O«

Magentaz Existing Canal Alignments

O«

Yellow z Proposed New Service Area

O«

Greenz Existing Service Area
3.5 Project Boundary Delineation

Irrigation and Drainage Engineer . Using again the application, Google
Earth Pro, delinaate 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.

Legend

Legend
* Buenavista

£3 Buenavista National High School
2 Dam Site

& Existing Main Canal

4 Existing Service Area

&+ Lateral Canal

(' Potential Service Area

&+ Sub-lateral Canal

* Buenavista
£ Buenavista National High School
% Dam Ste

&% Existing Main Canal
~ Project Boundary

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 theproject boundary map.

3.7 Field Survey and Data Collection/ Validation

Land Use Surveyis 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 prefieldwork 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 1:50,00Gupported 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 usir@oogle earth {o
produce kml or kmz}o 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).

Pre-Feasibility Study Manual 25



National Irrigation Administration

Project Planning Division (PPD), Engineering Department

Figure 1. Sample Present Land Use Map
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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 tis 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

4EA ' AT AAGEA %l ceEl AAO OEAIT AiT11AAON
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 ET AT OAEAI A8O DOl bl OAA
(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. (Seléigure 11.1: Sample PreFS
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 utlized by the
surveying and mapping team in the actual field validation and
investigation.

The map shall reflect (a.) the location of all NAMRIA horizontal (PR®)

and vertical (MSL) controls from the acquired monument description

sheets or initial values as displayed ahttp://www.geoportal.gov.ph/ ; (b.)

AET Al OAEAI A0 AITECT i AT O AT politigelAT ET AAC
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, nunerical and graphical scale, general notes, index

map with a north arrow, etc. Se&igure 11.2: Sample PreFS 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
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| FEEAA8O ' AT AAOEA %l CET AAOh ET 0O600I1 AT
shall make a courtesy call to all Local Government Ugi{LGU) covering
the areas for control validation before actual fieldwork.

With the aid of a handheld GPS or any available positioning instrument,
Preliminary Control Map, and the acquired NAMRIA horizontal and
vertical monument description sheet, theteam 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 aoduct 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
00 AAPAAEI EOU OiF AT 1T AOAO wédkwE! ¢ AT,
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 processingnd 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 receiverstotal 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 AR.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 GeodeticEngineer 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, Estimateé 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 &1dy, NIAM.C. 84
series of 2019.
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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 Ciriteria for selection
Below are thecriteria 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 mustbe 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 dischargig 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 posdity 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 codly 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.

. 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 provisionsdr
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 agicultural data.
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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 andprovide satisfactory level of living for farm
families.

b. Non-Arable Land lands are those identified and classified not
suitable for irrigation development. Included areM-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

Percent Total Percent Arable

LAND USE WetSeason Dry Season
WetSeason DrySeason WetSeason Dry Season

A.ARABLE LAND

Paddy Rice Rainfed 113 0 14.4 0.0 50.0 0.0
Fallow 0 113 0.0 14.4 0.0 50.0
Grassland 113 113 14.4 14.4 50.0 50.0

Sub-total 226 226 288 28.8 100 100

B.NON-ARABLE

Class M (Built-up areas & Roads) 130.91 130.91 16.7 16.7
Class 4 (Trees & High Grounds) 152.50 152.50 19.4 19.4
Class 6 (Rivers & Wetlands) 276.10 276.10 35.1 35.1
Sub-total 559.51 559.51 71.2 71.2

TOTAL 785.51 785.51 100 100

The components included in the table are:
*Area for both wet and dry season
* Percent total of arable and noarable land

*Percent arable for arable and nearable land.
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ALLY

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 (KIl), Focus Group Discussion (FGD) and or oren-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 householdin 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. Specitally, 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 subtratum, farmers to be
interviewed will be randomly selected.

&=
B

Project Area

Major/Main Strata
Sub-strata
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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 M@gement Survey for
rice and other crops.Please refer ttAnnex 1 to 3.

7.2.3 Information/Data to be Gathered by the Agronomist:

w

0 Type of Crops
List of different crops planted in the service area, like rice, corn,
sugarcane, banana, different kinds ofegetables etc.

0 Planted and Harvested Area
The area planted to specific crops as mentioned whether under rain
fed, irrigated by pump or by gravity irrigation, etc.

0 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.

0 Yield and Production
The amount of produce per unitarea expressed in tons per hectare.

Ox¢

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 suchas amount of fertilizer, agre
chemicals, etc.

0 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, numberof
beneficiaries, production, etc.

0 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, finangal
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 hese activities. A structured
guestionnaire (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 b&athered:

Interview in the following government agencies will include
verification of all information gathered online and collection of
additional information listed below:

0 National Irrigation Administration
Operation and Maintenance Report for thdast five years of any
existing system to be covered by the project.

0 Local Government Unit-Agriculture Office
Commodity Roadmaps(Rice and other crops)latest plans and
programs for the agriculture sector of the municipality

City/Municipal Agriculture 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 (A?), Small
Farm Reservoirs (SFR) etelist, profile and latest performance of
each systems

O«

Local Government Unit-Planning and Development Office
Comprehensive Land Use Plamparticularly, demography and
socio-economic section

7.4 Secondary Data Gathering of the Economist

Data gathering will be accomplished thru Key Informant Interview (KIlI).
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
- Ol EAEDPAI EOU ! OOAOOIT 060 /| EEEAASB

7.4.3 Municipal Agriculture Office

The Municipal Agriculture Office may preide 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 inpus are gathered from multiple agrechemical
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 mulglectrode lines,
conduct of georesistivity 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 wil 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 deptlof investigation

The establishment of multielectrode 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 subsurface information on the area. These lines are
usually located on outskirt areas or elevated aas wherein irrigation by
gravity is not possible.

8.2 Conduct of Georesistivity Survey

Subsurface investigation for groundwater prospecting can be conducted
using any geeresistivity meter (LS2 Terrameter, in the case of the Central
Office). It is recommeded to use a multielectrode gearesistivity system
for groundwater prospecting due to a more efficient investigation process
for aquifer identification. However, other systems of gegesistivity survey,
like Vertical Electrical Sounding (VES), may be udas well.

Specifically, the multigradient 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 8Gfheter-long profile

for 10m electrode spacing. Each takeut has its own electrode staked into
the ground and clip to the cable by a connector. The arrangemt 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 downloaéd into a laptop computer using usb, wifi or the
program LS Toolbox and then analyzed using RES2D/Aarhus Workbench.

Gearesistivity survey shall be performed on the outskirts of the proposed
service area, for possible area extension or for supply augmernian, as
well as other elevated arable areas which may be irrigated through
pumping schemes.

Cable 1 Cable 2
Figure 8.1: Arrangement of Equipment and Accessories

8.3 Well Inventory

The conduct of well inventory is focused on thédentification 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

Specific location (latitude and longitude)

Date of drilling

Purpose of well

Pump details (pump setting, type, diameter, capacity)
Actual depth

Static water level (current and historical, if possible)

© N o o M W DN

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 onsite 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 getogy 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 apdmary
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 oinformation:

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 Comprelsive Land Use Plan
(CLUP), Assessed land value, municipal profile, health status,
demography/population/economy/social services and other information

of the physical, biological sociecultural, and political environment of the
project area, if available, wll 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 tmough 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

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

- Provincial ENRO
- Municipal/City ENRO
- Agrarian Office

- MPDO

- CENRO-DENR

- MPDO

- Assessor 6s
- NCIP

- Municipal LGU

- Barangay LGU

- MPDO

- Provincial Health Office
- Municipal Health Office

- Municipal LGU
- Barangay LGU
- MPDO

-LWUA
-Water districts

Process Data Requirements Agency concerned
Secondary Data gathering at the offices
data of the following
gathering and institutions/agencies
validation - Tenurial Instruments in - CENRO-DENR

the Project (NGP, - MGB
CBFM, IFMA, CALC, - PAMB
PA, Mining, CADT/C) - NCIP

G
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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 area&ather 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 identfication 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
guality 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, getwater 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 thaboratory 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 wateshed 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 correspondingeconomic
importance and conservation status based on the International Uniofor
Conservation of Nature (IUCN).

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

Aquatic Resources

Pre-Feasibility Study Manual 42



National Irrigation Administration

Project Planning Division (PPD), Engineering Department

Aquatic resources data will be generated from the sourcesof rivers
through direct observation/ identification of aquatic resources. Key
informant interview (KIl) will be conducted to gather existing flora and
flora using local observation.

Social Environment

Socioeconomic Condition. The sociceconomic condition through

primary data will be generated by conducting keye I &£ Of AT 066 ET OA
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 commurty, 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 Profiing. ) T AAOA OEAOA AOA DPOAOGATAA T &£ )oO
interviews with the elders and barangay officials shalbe 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 #aridges within
the river system. This may be conducted through ocular inspection within
the watershed (dam site, midstream and upstream of the watershed).
+AU ET £ O AT 0066 EIT OA ODHENR*GU, batayay awd%. 2 / T
upland communities shall be coducted to gather information on the
existing programs and the stakeholders involved in the management of the
watershed as well as the presencand 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: HYDROLOGIGANALYSIS

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 longerm rainfall data since it is
required to have at least a 36year 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 aaile
NAMRIA Maps or Google Earth from the stations to the watershed
centroid.

P, , at Station 2
%
P; , at Station 1
TS @

G?/P , at Centroid
\

\
\

Y
\
\
\d,
\

% P, , at nth Station

g O 0 0 . O
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o Q Q Q

4EA OAOI 0608 AAT T OAO OEA PIET O DPOAIZ
at the project site. R, P 8 n(Qdenotes the point rainfall of the

stations or data source, i.e station 1 up to nth station, whilexdc: 8

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 (terday) form, is used to extend the
selected representative rainfall daf, 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 gaging 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. Howevesince 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 measQ 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/ b
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 longterm runoff data. While the majority of the gauging stations
have short record lengths and fragmentary; fillingin of missing data and

extension are carried out to come up withdnger and complete records.

Streamflow data acquired from DPWEFBOD publications has also missing

data like the rainfall data. Estimation of streamflow data is made to have at
least a 30year record used in the analysis. This can be done by the
following common procedures:

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

O Ao o

where y and x are the dependent and independent variables
respectively. Also, m signifes 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 technque 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.

56 b 22
00 "Q
, Where Qu  -discharge at ungauged station

Qg -discharge at the gauged station
DAu - Drainage Area at ungaugedstation
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 dischargmeasurement. 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
Al T xO0 1T £ OEA OEOGAO O AT OOO0OA Al
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 decaddten-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 represening 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 wedgdike shape commonly seen represents the
staggering of the stage or operation into earhand late planting.

For initial assessment, a 3@ay staggered period is recommended.
In cases where water is insufficient, the staggering period may be
extended to 35days or 40-days. The stagger day period will depend
on the size of the service area and ampower which is based on the
assessment of an Agronomist.
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MONTH MAY | JUN | JUL | AUG | SEP | OCT | Nov | DEC | JaN | FEB | MAR | aPR | mav | Jun | JuL
DECADE 1]l olal [olalalalalalelalaolallelalalalal olalalelalaalal1lalalalalal1Talal112]3
SEASON WET SEASON DRY SEASON WET SEASON

Paddy Rice

.,

,,.

o
i

Cormn

Squash/ Watermelon

Egaplant! Tormato

Bittergourd

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:

0"Y¢ 'Y p ® QY Q Q

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 th trends in crop
coefficient during the growing period.
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Figure 10.2: Generalized Crop Coefficient Curve
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Presented on the table below are various crops, which are
commonly planted around the country, with their length of growth
stages and its coresponding crop coefficient.

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

STAGES OF DEVELOPMENT

PARTICULAR nital | o Clrop Mid- SLate TOTAL
nitial eve ct)pmen Season egso
_ Length of Growth 29 38 27 33 120
Paddy Rice Stages, days
Crop Coefficient, Kc 1.15 1.20 1.00
_ Length of Growth 23 35 29 18 105
Bitter Gourd Stages, days
Crop Coefficient, Kc 0.50 1.05 0.90
Length of Growth 22 33 54 11 120
corn Stages, days
Crop Coefficient, Kc 0.40 1.15 1.07
Length of Growth 35 46 46 23 150
Eggplant Stages, days
Crop Coefficient, Kc 0.60 1.05 0.90
. Length of Growth 10 16 47 47 120
Garlic Stages, days
Crop Coefficient, Kc 0.70 1.00 0.70
Length of Growth 12 19 27 12 70
Mungbean Stages, days
Crop Coefficient, Kc | 0.50 1.15 0.30
Onion Length of Growth |, 20 56 32 120
Stages, days
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| Crop Coefficient, Ke | 0.70 | 1.05 | 075 |
Length of Growth 40 100 220 120 480
Papaya Stages, days
Crop Coefficient, Kc 0.50 0.50 0.50
Length of Growth 35 45 35 o5 140
Peanut Stages, days
Crop Coefficient, Kc | 0.40 1.15 0.60
Length of Growth 27 39 28 16 110
Squash Stages, days
Crop Coefficient, Kc 0.50 0.95 0.75
. Length of Growth 20 30 30 10 90
String beans Stages, days
Crop Coefficient, Kc | 0.50 1.05 0.90
Length of Growth 34 83 145 88 350
Sugarcane Stages, days
Crop Coefficient, Kc 0.40 1.25 0.80
Length of Growth o8 24 44 24 160
Tobacco Stages, days
Crop Coefficient, Kc 0.50 1.15 0.80
Length of Growth 29 38 58 o5 150
Tomato Stages, days
Crop Coefficient, Kc 0.60 1.15 0.80
Length of Growth 13 o8 o8 a1 110
Watermelon Stages, days
Crop Coefficient, Kc 0.40 1.00 0.75

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

equations.

oY Qz0Y Qz00 Qz{

Q 2708 27y

Land Soaking. The land soaking requirement is the amount of water
needed to saturate the soil prior to the initial tilling, given by:

0Y— 'O n forpaddyrice, and

0Y— ©O for diversified crops (incorporated

with Land Preparation)

. YD 0
Y
p T
Where, LS -land soaking requirement, mm/day

S - soil saturation requirement, mm
t - number of days to saturate the soil, 7 days
Ev - evapotranspiration rate, mm/day
p - percolation rate, mm/day
S - soil saturation capacity, %
Mc - soil moisture content, %
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Wet season paddyd 0

Dry season paddyp —_
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 soll

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 115
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, Type of Soil
mm/day
0.06-2.0 Clayey Sall
1.07 3.0 Clay Loam Sail
1.07 3.0 Silty Loam Soil
157 3.0 Sandy Loam Soill
2071 15.0 Sandy Soil

There is no percolation rate considered for diversified crops
since there is no ponding requirement during crogstages.

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

00 O n — forpaddy 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.
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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 variesfor 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.

6 00 QrOY fzLo
q Tt
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 bsed 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:

08 U @BO"YE N

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 severdays 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 broughby 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 follwing equations:

if PER < 5.0mm RE=0
EAZ v8nil S 0%2 BEWPERTMTI I
if PER > 50.0mm RE =50 + 0.80(PEf0)

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.

OwY 0 wY YO

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. OnFarm 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 ambnsumptive 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 Earth Lined or Lined or
Canal Canal (alt) Piped Piped (alt)
Wet | Dry | Wet | Dry | Wet | Dry Wet Dry

On-Farm,% | 60 | 70 | 70 | 70 | 65 | 70 67 70
goonveyance, 80 | 80 | 80 | 80 | 95 | 95 95 95
E/)operat'ona" 90 | 90 | 90 | 90 | 90 | 90 90 20
Overall 43 | 50 | 50 | 50 | 55 | 60 | 57 | 60
Efficiency

Irrigation  Diversion Requirement or Diversion Water
Requirement can be computed using the following equation:

ooy
06Y ——

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.

0mY 6200V
w0 OwvrodQ

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 sg.km) *Runoff in CMS
28 (2,419.2/D.A. in sg.km) *Runoff in CMS
11 (950.4/D.A. in sg.km) *Runoff in CMS
10 (864.0/D.A. in sg.km) *Runoff in CMS
9 (777.6/D.A. in sg.km) *Runoff in CMS
8 (691.2/D.A. in sg.km) *Runoff in CMS

Useful Conversions from cubic meter pesecond, 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.

60

pTmmat0 z20w"Y
Oow'Y

where; CA  -cropped area, in hectares

DWR - diversion water requirement, in mm

DWS - dependable watersupply 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.

YO Ow"Y ow'Y
0 FO0w'Y

Cwy p Tt Tt

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 eiadea
method with equation as follows:

op 0¢g

) — 20
C
where, Al, A2- area of two ends, sg.m
L - perpendicular distance between the two aredaces, 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 noitonventional methods which
are not 100% accurate affected by vegetations, the wuse of
ground/conventional topographic survey is required during the Feasibility
Study stage.

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

pego00000E0E0

Sample 10.1:Generated A=-C Data

Pre-Feasibility Study Manual 55



130

125

120

115

110

105

100

Xe) Xe)
o w
-n.\

co
w

co
o

National Irrigation Administration .}

Project Planning Division (PPD), Engineering Department

04

03 03 n? n? 0.1 0.1 0.0
Reservoir Surface Area, km?2
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Sample 10.2:Generated AE-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 &0

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 (Augst 1998) as follows:

Location or | Average Sediment Yield, | Equation
Region cu.m/sqg.km/year

Luzon 868 0=12871x 0601
Visayas 1,093 q=5693.7x 0276
Mindanao 662 0=1670x 01892

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 vyield should therefore be adjusted
accordingly.
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To determine the dead storage by using the averagediment yield values:
088 0L Qi QO QHIRBODHI 0w QQQ
Where, D.S. -dead storage, cu. m
D.A. -drainage area, sg. km

Dead storage is then converted to MCM by simply dividing cubic meters by
1,000,000. Thedam 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 coefients
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:

ww OO0 O
where, V - water volume stored in a reservoir, MCM
36 - 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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YEARLY SUMMARY OF RESERVOIR OPERATION STUDY
(BASED ON TEM-DA&Y SIMULATION)
Name of Project:

Location: Latitude: N
Drainagefirea : 5q. Km. Longitude: E
Riverbed Elevation : 1140 m
Norm. Water Surface Elew.: 1250 m Normal Storage Cap.: 0721 MCIM
IMin, Water Surface Elew. 1193 m Min, Storage Capacity: 0.072 MCHM
Irrigahle  1st Cropping : 93 Hectares {Rice}

Areq 2nd Cropping: 75 Hectares {Rice}

0 Hectares (Diversified Crops)
. Fasarvoir .
Year Inflow Evapo- ration| Irrigation Spill Shortags Shortage
storage
Demand
MCM MM MCM MCM MCM MCM %
0721

19354 3.795 01394 2028 0591 1702

1985 3534 0,173 2028 0508 1519

19385 4550 0171 2028 0522 2,336

1957 4151 0.150 2028 0517 2,060 0053 407

1988 4257 0.176 2028 0599 1.970

1989 4511 0,200 2028 0721 2,462

1930 43323 0203 2028 0495 2115

1991 3363 01394 2028 0530 1.308

1952 3185 0.156 2028 0530 0.981

1993 30052 0.157 2028 0548 0.882 0,131 547

1994 4285 0.185 2028 0547 2.071

1995 5017 02132 2028 0561 2,863

1998 3594 0,197 2028 0542 1,688

1997 4032 01e1 2028 0721 1.765

1995 432158 0202 2028 0717 2591

1999 4001 0.191 2028 0721 1.778

2000 9365 0,229 2028 0721 7108

2001 5514 0225 2028 0E82 3.299

2002 &487 0198 2028 0721 3,222

2003 5461 0,209 2028 0721 3.224

2004 6274 0.221 2028 0701 4.044

2005 54358 0208 2028 0721 3.982

2008 5515 0.215 2028 0721 4.375

2007 4585 0.191 2028 0701 2.785

2003 428 0.20% 2028 0710 3.183

2009 069 0226 2028 0721 5.815

2010 7348 0229 2028 07=1 5.0%2

2011 a1l 0.228 2028 0721 3,955

2012 5842 0,209 2028 0721 3605

2013 4739 0130 2028 0721 2571

2014 6382 0.213 2028 0682 4.180

2015 7410 0,209 2028 0721 5134

201 5434 0223 2028 0721 2,978

2017 4152 0213 2028 0.&09 2.019

2018 4462 0.192 2028 0647 2.204

2019 4651 0,195 2028 0721 2,355
Surarmary:
Mo, of Data 1296 Dacades Masz Yearly Shortage: 013 MCHM
No. of Decadal Spill: 1021 Mas Yearly Shortage: .47 a6
No. of Decadal Shortage: & Year of Mazimum Shortage 1993
Researvoir Reliability 9954 ] Longest Carryover @ 1 Month/s

Longast Carryover . 3 Decade/s

Maz, Monthly Shortage : 0132 MCHM Maximum Ten Year Shortags: 0214 MCIM
Mazx, Monthly Shortage : .47 ] Fatiow/ Mean Demand : 10.54 ]
Month of Mazimum Shortage: March Cropping Intensity: 180.65 26

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 itshydraulic 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 LogPearson Type Il Distribution. The LogPearson Type Il
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 functon is:

06 P a&w [ .Qd)‘décb [
6% W T L

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

Procedure in the Computation of Log Pearson Type llI distribution Method

1. Column 1l &2 Tabulate peak annual events in orde 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.
~ ~ GO P
0L -
qe
Where:
PP. = 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 dide 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 (xM).
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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

O00i Al CAAaMEAAI T U +ijs8

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

B & O
E P

vy

Compute the Coefficient of Skewness, G:

£zB ® 0
E pzeg ¢z

9. Column9 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 inecated 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 Qalue versus its
respective percent chance on log normal probability paper and drawing a
continuous line through the plotted points which should fit the datain
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 upperconfidence limits.
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PROBABILITY COMPUTATION
[Log Pearson Type Il Distribution)

Drainage Area= Q- Unit:  CMS3
Station:
Location:
n= 21 Mean = Z Col.2 M = ¥ Colb
n n
= 50.0571 = 1.63512
§= L(X-MY = 0.250595
n-1 Col.3= (2*m) -1
2%n
g= nk (X -M ]3 = -0.412797 where m =rank of datain increasing order.
(1'1'1] * (1'1'2] * 53 thus, m ofhighest Q value is equal to 1
andm of lowest () value isequalton
Coll Col.2 Col.3 Col 4 Col5 Col& Col7 Col.8 Cold Col. 10 Coll11 Col 12
[tems in Return K
decrease |  Plotting Period Lag Percent |from Harter| LogQ)= Q
Year | orderof | Podtion in Col2 [¥X-M] [¥-M ]2 [X-M) : of Table M+KS | fantilog of
mammitude| [Hazen) Years = Time using value Colll)
Q of g
1 14260 238 1.000 21541 05150 D2694] 01398 EEN I ik 5l 0475 2.99
2 7560 714 1.001 1.5842 02491 D0s21] 00188 999  |#@dsdss| 07113 5.15
3 7360 11.90 1.010 1.86889 02318 00537 00124 99 RisHaRs| 09775 0409
4 £9.70 1667 1111 1.5432 02081 00433 0.00%0 20 il ki ki 1.305] 20.18
S 56,60 21.43 1250 1.5235 01554 D0355]  Q.0067 50 wHisdaas | 143058 26.97
& £65.30 28,19 2 1.5215 01564 00347 Q0045 50 0058623 16523 44.91
7 60,20 30,55 4 17796 01445 00209 0.0030 25 0712590] 15137 65.12
[ 58,50 35.71 s 17525 01177 00139 00016 20 0555268 1.54%4) 70.70
9 47,50 40,45 10 1.6803 00452 00020 0.0001 10 1.229326] 1.5432] B7.73
10 47.40 45.24 20 167548 0.0407 00017 0.0001 g 1519403 | 20159 103.72
11 47.40 S0.00 25 16755 0.0407 00017 Qo001 4 1.600333| 20363 108.71
12 43.00 S4.78 50 16335 -0.0017 00000 Q.0000 2 1826386| 20925 123.82
13 388 952 100 15888 -0.0483 00021 -0.0001 1 2019782 21413 138.44
14 374 6429 200 1.5729 -0.0623 00033 -0.0002 0.5 2189061| 2.1837| 152.65
15 371 59,05 SO0 15694 -0.0857 00043 -0.0003 0.2 2433567 2245 175.81
18 360 73.51 1000 15563 -0.0758 D00s2]  -0.0005 0.1 2515469) 2.2654%) 184.28
17 327 7EEY 2000 15145| -0.1208 00145] -0.0018 005 |2534534| 22953 197.39
15 260 53.33 10000 14150 -0.23202 004385] -0.0107 001 |[2374664| 23555| 226.73
1% 165 55,10 12175 -0.417¢ 01744) 00725
20 159 92588 12014 -0.4337 01881) -0.0816
21 129 9762 1.110& -0.5245 02751 -0.1443
E= 1051.2 34.337592 1.255959] -0.117549
Sample 10.4: Computation of Peak Discharge by L&garson Type llI
Distribution
b. Regional Flood Frequency Analysi 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 observatims 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 whichmay be wsed 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 gaugesThere 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 relatiorbetween 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 bg-Pearson Type Il distribution is utilized
in the analysis per recommendation by the Water Resources Council of the
USA as a basenethod. This should be performed for all the available
stations within the region.

REGIONAL FLOOD FREQUENCY-DRAINAGE AREA RELATIONSHIP

1. BASIC STATISTICAL DATA : Estimated from LOG-PEARSON TYPE III Distribution

DA. No. of Mean Log Mean Log S.D. Log Skew
Name of River (sq.kms.) Data Q peak Qp(n) (s) (g) S*n G*n (Log X)
(n) €MS) | (LogY)
X Y
Bacong River 54.00 21.00 50.04 1.699317 0.25079 -0.41391 5.266590 | -8.692110 1732394
Sibalom River 635.00 30.00 185.65 2.268695 027431 0.20684 8229300 | 6205200 | 2802774
Paliuan River 176.00 24.00 634.68 2.802555 0.29287 -0.42817 7.028880 |[-10.276080 | 2245513
N=Sn-= 3 75 20.52477| -12.76299

Sample 10.5:Summary of Parameters dered using LogPearson Type Il 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 Ngeaand Log X for x Range

> Ok
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II. DERIVE REGRESSION EQUATION (n used here denotes no. of stations used)

D.A.
(sq.kms.) Log X (LogY) (Log X)* (Log Y)* Log XLog¥Y
54.00 1.73239 1.699317 3.00119 2.88768 2.94389
635.00 2.80277 2.268695 7.85554 5.14698 6.35864
176.00 2.24551 2.802555 5.04233 7.85431 6.29317
S 6.78068 6.77057 15.89906 15.88897 15.59570
SUMMARY QUTPUT
Regression Statistics
Multiple R 0.4954725
R Square 0.245493
Adjusted R Square -0.5090141
Standard Error 0.6777362
Observations 3
ANOVA
df MS F Significance F
Regression 1 01494504 0.1494504 03253687 0.6699899
Residual 1 04593263 04593263
Total 2 0.6087768
Coefficients tandard Erro t Stat P-value  Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 11027262 2.0608182 05350915 0.6872127 -25.082451 27.287904 -25.082451 27.287904
X Variable 1 05106255 0.8951888 0570411 0.6699899 -10.863827 11.885078 -10.863827 11.885078

Sample 10.6: Summary Output of Regression Analysis using MS Excel

2. The output of the LogPearson Type Il 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 whictare 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 controbands developed by Dalrymple (1960). The 1§ear 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. Interpolations
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 ouide 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

HOMOGENEITY TEST
1000

[
(=]
=]

10 - ey

Adjusted Return Period, T, years
.

0.1

5 15 25 35 45 55 65 75 85 95 105
Length of Record, years

Sample 10.7:Homogeneity Test

Data points outside the envelope curve shall be removed. Remaining data
points shall be reevaluated 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 parameterused as the basis of theegional 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*X

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

LogY =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 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 developedThe 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.

S (Average Standard Deviation) = 0.27366 b= 0.510626
G ( Average Skewness) = -0.17017 Loga= 1.102726
Log Y = Log a + b(Log X)
D.A. Q
(sq.kms.) Log Y (CMS)
X 8]

10 1.61335 41.05
100 2.12398 133.04
1,000 2.63460 | 43112

10,000 | 3.14523 | 1397.10
From this relationship, the regional flood frequency curve 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 A E AT AEOT | OEA (AOOAOB
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 o o
+ E MAEOANOAT AU AAAOI O A&OT I (AOOAC

S = average log standard deviation
Q =is the antilog of Log Q

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

as input.
DA, sqkm RETURN PERIOD (YEARS)
2 - Year 5-Year [10-Year|20- Year | 25- Year | 50 - Year [100 - Year| 1000 - Year |10000 - Year| 200 Year | 500 Year
10 41.8 70.1 90.9 112.2 119.1 141.3 164.3 2473 3413 188.2 2310
100 1354 2271 294.6 363.5 386.1 4578 532.3 8014 1106.2 609.7 748.5
1000 4389 736.0 954.8 11779 12511 1483.7 1725.1 2597.0 3584.6 1975.9 24255
10000 1422.2 23851 3094.2 38169 4054.2 4808.1 5590.3 8416.0 11616.2 6403.1 7860.1
34.147 7945 133.24 172.86 213.23 22649 268.60 312.30 470.16 648.94 357.71 439.10
REGIONAL FLOOD FREQUENCY CURVES
100000
10000 e R
L=
[ — T
L ——] i = | 11
%) [ — ——
= | = — — 11—
o —1 | o
o " —] -
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g 1000 = —
1] —
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] —=
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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 SoiConservation Service (SCS), is used in
determining the design flood of major water resource structures. It
is a comprehensive method and requiresextensive 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.

7 T St
. 12

2 & l” -

g A A

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/ Drainage Length of | Riverbed Highest Average

Stream Area, Stream, Elevation, masl | Point, masl | Slope, m/km
sg.km 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 lagtime, 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 @ncentration, 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 inflectioron the
receding limb of the unit hydrograph. Tc can be computed using the
Bransby-Williams equation as shown below.

-~ Q0
W sEye
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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

Excess rainfall

Ly [ —
|

Vo
7.

s

Mass curve
of nunoff

1y

Point of inflection

Qg p OF Qﬂ

0 1 _' . . . . 3 . ‘I
+— T, ——mt——T, —
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s (5] Ll

uT,
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 unts 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.

Y O p¥Y
O

< ™ ity Y

Combining the equations, D = 0.133Tc.

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

. @ myozn
n 5
Where, ap - 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 theunit hydrograph, the ordinate is taken as the values
in a dimensionless ratio g/gp and its abscissa values as t/tp, where
g/gp can be computed as shown:

8

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.

t/tp 9/qp t/tp q/qp t/tp q9/qp
0.0 0.000 1.1 0.990 2.4 0.147
0.1 0.030 1.2 0.930 2.6 0.107
0.2 0.100 1.3 0.860 2.8 0.077
0.3 0.190 1.4 0.780 3.0 0.055
0.4 0.310 1.5 0.680 3.2 0.040
0.5 0.470 1.6 0.560 3.4 0.029
0.6 0.660 1.7 0.460 3.6 0.021
0.7 0.820 1.8 0.390 3.8 0.015
0.8 0.930 1.9 0.330 4.0 0.011
0.9 0.990 2.0 0.280 4.5 0.005
1.0 1.000 2.2 0.207 5.0 0.000

SCcsS Dimensionless Unit Hyrdrograph

i
—
/

P

Design Storm Calculation. Generally, the design storm represents
the largest storm that produces probable maximum pecipitation of
specified duration within the catchment. However, in some cases,
the design storm of differentrecurrence intervals isdetermined 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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¢

10 - mins

¥ =1888817X*0.23372

2 2010

5 2850

10 3410

15 37.20

20 33,40

25 41.10

50 48,30

100 £1.40

200 65,16

500 80,72

1000 94,92

10000 182,58

LogX Log¥
0.301030 1303198
0.698970 1.454845
L.000000 1532764
1176091 1570543
1301030 1595496
1.397940 1.613842
1698970 1.665581
2.000000 1.710963

T 10 20 30 1 2 3 6 12 24
(yrs) | mins | mins | mins | hrs hrs hrs hrs hrs hrs
2 20.10 | 31.40 | 39.40 | 53.30 | 75.60 | 92.20 | 119.40| 147.70| 167.90
5 28.50 | 4490 | 55.80 | 78.70 |110.40|137.00]173.60 | 221.20 | 252.50
10 34.10 | 53.80 | 66.60 | 95.60 | 133.40| 166.60 | 209.50 | 269.90 | 30850
15 37.20 | 58.80 | 72.70 | 105.10| 146.50 | 183.40| 229.70 | 297.40 | 340.20
20 39.40 | 62.30 | 77.00 | 111.80| 155.60 | 195.10 | 243.90 | 316.60 | 362.30
25 41.10 | 65.00 | 80.30 | 116.90| 162.60 | 204.10 | 254.80 | 331.40 | 379.30
50 4630 | 73.40 | 90.50 | 132.70| 184.20 | 231.90| 288.40 | 377.10| 431.90
100 | 51.40 | 81.70 | 100.60| 148.40 | 205.60 | 259.50 | 321.70 | 422.40| 484.00

20 - mins
Y =29.56325X"0.23769
2 31.40
5 44.90
10 53.80
15 58.80
20 62,30
25 65.00
50 73.40
100 8170
200 103.94
500 129.24
1000 152,38
10000 263.41
LogX Log¥
0.301030 1496930
0.698970 1.652246
1.000000 1730782
1.176091 1.769377
1,301030 1794488
1.397940 1.812913
1.698970 1.865696
2.000000 1.912222

Available RIDF data are limited to 106year period, thus there is a
need to extend up to 10000year 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 correspdimg return
period as independent variable X.

Using the derived equation for each time duration, up to 10009ear
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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30 - mins 1-hrs 2-hrs 3-hrs 6-hrs 12 -hrs 24 -hrs
Y =36.98963 X"0.23323 | ¥ = 50.14296 X7 0.25419 | ¥ = 71.08696 X*0.24854 | ¥ = 86.80205 X"0.25671 | ¥ = 112.2742 X*0.24624 |V =139.12334 X*0.26055 |¥ = 158.20492 X*0.26246
2 39.40 2 53.30 2 75.60 2 92.20 2 119.40 2 147.70 2 167.90
5 55.80 5 78.70 5 110.40 5 137.00 5 173.60 5 221.20 5 252.50
10 66.60 10 95.60 10 133.40 10 166.60 10 209.50 10 269.90 10 30850
15 72.70 15 105.10 15 146.50 15 183.40 15 229.70 15 297.40 15 34020
20 77.00 20 111.80 20 155,60 20 198,10 20 243.30 20 316,80 20 362.30
25 80.30 25 116.90 25 162.60 25 204.10 25 254.80 25 331,40 25 379.30
50 90.50 50 132.70 50 184.20 50 231,90 50 288.40 50 377.10 50 431.90
100 100.60 100 148.40 100 208,60 100 25950 100 32170 100 422,40 100 484.00
200 127.28 200 192.80 200 265,27 200 33824 200 413,89 200 E53.27 200 635,55
500 157.60 500 24337 500 333,11 500 42794 500 518,65 500 702,45 500 80834
1000 185.26 1000 290.26 1000 395.74 1000 511.28 1000 615,18 1000 841,49 1000 63,62
10000 316.96 10000 52116 10000 701.57 10000 923.36 10000 108453 10000 1533.20 10000 1774.43
LogX Log¥ LogX Log¥ LogX Log¥ LogX Log¥ LogX Log¥ LogX Log¥ LogX Log¥
0.301030 1595496 0.301030 1726727 0.201030 1878622 0.201020 1964731 0.201030 2.077004 | 0301030 2.169380 | 0301030 2225081
0.698970 1.746634 0.698970 1.895975 0.698970 2.042969 0.698970 2.1386721 0.698970 2.239550 0.698970 2.344785 0.698970 2.402261
1.000000 1823474 1.000000 1980468 1.000000 2125156 1.000000 2.22167% L.000000 2.321184 L.000000 2.431203 1.000000 2.489255
1176091 1.861534 1176091 2.021603 1.176091 2.165838 1176091 2.263399 1176091 2.361161 1176091 2.473341 1.176091 2531734
1301030 1,886491 1301030 2.048442 1301030 2.192010 1301030 2290257 L301030 2.387212 L301030 2.500511 1301030 2559068
1.397940 1.904716 1.397940 2.067815 1.397940 2.211121 1.397940 2.309843 1.397940 2.406199 1.397940 2.520353 1.397940 2.578983
1.698970 1.956649 1.698970 2122871 1.698970 2.265290 1.698970 2.365301 1.698970 2.459995 1698970 2576457 1.698970 2.635383
2.000000 2.002598 2.000000 2171434 2.000000 2.313023 2.000000 2414137 2.000000 2.507451 2.000000 2.625724 2.000000 2.684845
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Project Area - 10000 years Project Area - 1000 years Project Area - 500 years Project Area - 200 years Project Area - 100 years Project Area - 50 years
989104 98.9604 989704 98.98% 98.9804 98.98%
Y =523.47988 ¥ 048523 Y =298.1261 7047191 ¥ = 25164598 X"04679 ¥ =3201.13608 X 04626 Y = 15667871 X"045537 Y = 14054001 ¥"0.45362
b X b X b p:S Y X b X
01 171.27 01 10057 01 85.68 01 £9.33 a1 5491 01
1 52348 1 29813 1 25165 1 20114 1 156.68 1
10 1600.04 10 88371 10 739.08 10 58357 10 447.07 10
100 483058 100 261951 100 217085 100 1593.13 100 127570 100 113542
1000 14943.24 1000 776480 1000 6375.14 1000 491236 1000 364016 1000 322597
10000 45689.88 10000 23016.54 10000 1872363 10000 14252.46 10000 10387.00 10000 916811
X b X ¥ X b X Y X ¥ X
01666667 18532 01666867 10878 01666667 92.51 01666667 7467 0.1686867 58.30 0.1666667
03333333 301.87 0.3333333 17463 0.3333333 148.11 03333333 11912 0.3333333 9363 0.3333333
as50 363.23 050 212.30 050 180.61 as50 145.86 050 11529 050
1.00 597,25 1.00 33263 1.00 278,90 1.00 22095 1.00 170.07 1.00
2.00 B03.78 2.00 453,52 2.00 381.75 2.00 30400 2.00 235.62 2.00
.00 1058.17 300 585.93 3.00 490.42 .00 38763 3.00 297.39 3.00
600 1242.87 600 70499 .00 594,37 600 47432 6,00 36867 .00
1200 1757.05 12.00 964.35 12.00 805.01 1200 63404 12.00 45407 12.00
24,00 2033.50 24.00 111118 24,00 92635 24,00 72834 24.00 554,66 24,00
LOGX LOG Y LOGX LOGY LOGX LOGY LOGX LOGY LOGX LOGY LOGX
-0.77815 227025 -0.77815 203853 -077815 1.96618 -0.77815 187317 -077815 177015 -077815
047712 247981 -0.47712 224212 -047712 217057 047712 2.07599 -047712 197141 -047712
-0.20103 2568018 -0.30103 2.32695 -030103 2.25675 -0.30103 216393 -030103 206178 -030103 2.01583
0.00000 277615 0.00000 252196 0.00000 2.44545 0.00000 234429 0.00000 223062 0.00000 2.18208
0.20103 290513 030103 265659 0.20103 258178 0.30103 248287 030103 237221 0.20103 2.32447
0.47712 3.02455 047712 276784 0.47712 2.69057 047712 258841 047712 247332 0.47712 2.42449
077815 3.09442 077815 284818 077815 3.77408 077815 267607 077815 258664 077815 251918
1.0791% 324478 107918 298423 107918 2.90580 1.07918 280212 1.07918 268491 1.0791% 263564
1.38021 330824 138021 3.04578 138021 2.96678 1.38021 286233 1.38021 274403 1.38021 269457
Rainfall Depth-Duration-Frequency Curve
for Various Return Periods
10000
///
/
L—"]
//
.// -
10
01 10 100 1000 1000.0

——awy
Time Duration in Hours (Hrs.)

Figure 10.5: Sample RIDF Curve for Various Return Periods
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Name of Project
Data Used in Probabilfty Analvsis

DESIGN STORM COMPUTATION

Design Storm for 100 Years Return Period

Sample 10.8:Design Storm Computation

TIME ACCUMULATED | INCREMENT | DECREASE | REARRANGE WNITL/ EXCESS
RAINFALL RAINFALL ORDER RAINFALL CONTINUING LOSS RAINFALL
hrs N FEidd1d N nimnt nimnt i
050 1143 114.27 114.27 5.36 2.3 4,06
1.00 1567 4241 4241 .43 1.2 453
150 1885 3177 3177 £.58 03 6.28
2.00 2148 26,38 2638 5,67 03 6,37
250 2378 22.98 22.98 5.54 03 654
3.00 2554 2059 2059 6,93 03 6.63
350 2772 1879 1879 7.13 03 6,83
4.00 2946 17.38 1738 7.23 03 6.93
450 3108 16,23 1623 7.45 03 7.15
5.00 32el 15,27 1527 756 03 7.26
550 3405 14.4& 1446 7.381 03 751
5,00 3543 13,76 1376 7.95 03 7.65
£50 3674 13.15 13.15 3.24 03 7.94
7.00 3801 12,61 1261 3.39 03 3.09
750 35922 1213 1213 573 03 5,43
3.00 4039 1170 1170 3.92 03 .62
350 4152 11,31 1131 9.32 03 2.0z
2.00 426.1 10,95 10,95 9.55 03 9,25
9.50 4368 10,62 1062 1004 03 2.74
10,00 447.1 10,32 1032 1032 03 10,02
1050 457.1 10,04 1004 10,95 03 10685
11.00 4669 2.79 279 1131 03 1101
11,50 4765 9.55 9,55 1213 03 1183
12.00 485.8 9.32 9.32 1261 03 1231
1250 4943 211 .11 1376 03 1346
13.00 503.8 8.92 B892 1446 03 14,16
13,50 5125 B8.73 873 1623 03 15.93
14.00 5211 856 856 1738 03 1708
14,50 5295 8.39 839 2059 03 2029
15.00 5377 .24 .24 22,98 03 2268
15,50 545.8 3.09 .09 3177 03 3147
16,00 5538 7.95 7.95 4241 03 4211
1650 5616 7.51 781 11427 03 113.97
17.00 569.3 7.69 7.69 2638 03 2608
1750 5768 756 756 1879 03 1549
1800 5843 7.45 7.45 15.27 03 1497
1850 591.6 7.34 734 13.15 03 12.35
19.00 59588 7.23 7.a3 1170 03 1140
1950 5060 7.13 713 1062 03 10,32
20,00 6130 703 703 .79 03 2,49
2050 5199 6.93 693 9.11 03 351
21.00 5268 6.54 6,54 356 03 B.26
2150 £335 £.75 £.75 3.09 03 779
22.00 6402 667 .67 7.69 03 7.39
22.50 E46.5 6,58 655 734 03 7.04
23.00 £53.3 851 651 7.03 03 673
2350 £59.7 643 643 £.75 03 £.45
24,00 566.1 636 6,36 851 03 621
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iy,

For the design storm computation shown above, time duration (Col
A) is based on the unit hydrograph timenterval. Using the derived
RIDF Curve equation for each equivalent return period,
accumulated rainfall (Col B) is derived where walue is the time at
column A. Increment rainfall (Col C) is the difference of Col B and
Col C at the previous time intervalColumn D is arranged column C
in decreasing order. Peak discharge was assumed that thehour
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 colum 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 +e
arranged excess rainfall wa applied to the unit hydrograph by
convolution process.

U.H. Ordinates, CMS/mm.
U, U, Uy U U U U U

T, hrs. Design Storm  col1 Col2 Col3 Col4 Col.5 Col6 Col.7 Col8

1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0

mm.

P
P2
P
Py
Ps
Pe

Qtotal

P1U; Col.1
P2U; Pl Z col.1-Col.2
P;U; P;U;  PiUs X col.1-Col 3
PsU;  P3U,  PoUs PiU Z col.1-Col.4
PsU; PyU, P3Us P Uy Py Us L col.1-Col 5
PsUy  PsU, PgUs PsUy PyUs PyUg X col.1-Col 6
PsUs PsUs PyU, PsUs PoUs  PiU % Col2-Col7

PsUs PsU, PyUs P3Ug P,U;  PiUg X col3-Col8
PeUy PsUs PyUs P3U, P,Ug X cola-cols
PeUs PsUg PyaU;  P3Ug Zcol5-cColg
P;Us PsU; PyUs Zcolecols
PcU;  PsUg Zcol.7-Col8
Ps Ug Col.8

General Procedure of the Convolution Process of Design Storm versus UH
Ordinates
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U.H Ordinates, CMS
T, hrs. 100 yrs Design Storm 0110 0785 1.384 1931 2598 2872 2852 2115 1434 0.137 0.001 0000] Surface Q
0.00 4.08 0448 0.448
1.00 528 0694 3.185 3879
2.00 654 0723 4936 5.613 11272
3.00 683 0754 5137 8700 7.830 22.420
4.00 7.15 0790 5361 9053 12135 10534 37873
5.00 751 0330 5614 3448 12,628 16327 11,646 56,493
6.00 794 0877 5.902 3893 13179 16990 18.051 10752 75.644
7.00 843 0932 6234 10401 13,800 17731 18783 16,665 8578 93,123
§.00 2.02 0997 6624 10,987 14509 18568 19603 17341 13.292 5815 107.735
9.00 974 1077 7087 11673 15.326 19521 20527 18,098 13.831 9.013 0556 116709
10,00 1065 1178 7.653 12431 16,283 20621 21581 18952 14435 2379 0.862 Q004 123.435
11.00 1183 1.307] 8363 13488 17.423 21908 22797 19,924 15,115 2,788 0.897 0005 0.000] 131017
12.00 1346 1487 9291 14739 18814 23442 24.220 21.047 15891 10249 0.936 0007 0.001 140125
13.00 15.93 1760 10574 16,375 20560 25.313 25917 22,361 16787 10776 0,980 Q007 0.001 151.409
14.00 2029 2,241 12512 18,636 22,841 27.662 27.985 23.927 17.835 11383 1.030 Q007 0.001 166.059
15.00 3147 3477 15933 22.050 25.995 30731 30582 25837 16.084 12083 1.088 0008 0.001 186879
16,00 4211 4852 24718 28.080 30757 34,975 33975 28234 20,607 12940 1.156 0008 0.001 220104
17.00 113,97 12592 33073 43.563 39168 41383 38667 31367 22519 13973 1.237 0002 0.001 277551
1800 2608 2881 83513 58.287 £0.765 52.700] 45751 35698 25.018 15270 1336 0009 0.001 387.228
13,00 1497 1.654] 20481 157.755 31,304 81757 53262 42239 28473 16964 1.480 0010 0.001 490,360
2000 1140 1259 11781 36096 220050 109392 90388 53789 33.689 19308 1622 0011 0001 577363
21.00 243 1.043] 8951 20728 50,350 296072 120938 83,448 42,902 22843 1.846 001z 0001 642137
22.00 328 0912 7451 15.775 28,913 £7.744] 327.320 111654 EE557) 29080 2184 0014 0.001 €57.615
23.00 733 08186 6487 13132 22,005 38901 748%4 302.193 89054 45,130 2.781 Q016 0.002 595.409
2400 873 0743 5.801 11432 18317 22,607 43007 69145 241025 60.385 4314 0021 0002 483.797
25.00 821 0888 5283 10224 15.946 24.645 32732 39.705 55.149 183,432 5772 0032 0.002 353.608
2600 4874 3311 14361 21455 347,248 30219 31668 37.3% 15.623 0043 0.004] 192.099
27.00 8590 12,988 12189 23719 25155 24102 21473 3.575 01l 0005 138911
2800 11.982 17.475 21214 21898 20063 16343 2.053 0027 0013 111.067
2%.00 16121 19319 19585 17,466 13604 1562 0018 0.003 87.676
20,00 17823 17836 15621 11843 1.300 0012 0.002 64,437
31.00 16455 14.226 10592 1132 0010 0.001 42,416
32.00 13.124 9.845 1.013 0008 0.001 23792
33.00 88939 0,922 0008 0.001 9.830
34.00 0.851 0007 0.001 0.856
35.00 0008 0.001 0.007
3600 0001 0.001

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 2year to 10000-year has their own
set of data. Direct runoff under column C is derived from direct rain
by using the following equation:

YO ¢ € QQ(‘)_ WTE X X X X X X
,where; Ares - Reservoir surface area, in sqrk

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:
6 Oi QQ4 @ @6 8

Thus, thetotal 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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A B C D E
Surface Q (Re-a.rr anged.Ram] Direct Runoff Baseflow Total Q
Direct Rain

0.448 6.36 0.7471 27007 3.8958

3.879 6.58 0.7741 27007 7.3541
11.272 6.64 0.8041 27007 14.7767
22420 7.13 0.6376 27007 25.9583
37873 745 0.8755 27007 41.4488
56493 7.81 0.9186 27007 601121
75.644 8.24 0.9684 27007 79.3126
93,123 8.73 1.0266 27007 96.8501
107.735 9.32 1.0961 27007 111.5315
116.709 10.04 1.1807 27007 120.5904
123435 10.95 1.2870 27007 127.4229
131.017 12.13 1.4259 27007 135.1436
140,125 13.76 1.6179 27007 144.4436
151409 16.23 1.9079 27007 156.0175
166.059 20.59 24200 27007 171.1798
186.879 31.77 3.7349 27007 193.3141
220,104 4241 40854 27007 2277903
277.551 114.27 13.4330 27007 293.6843
387.228 26.38 3.1008 27007 393.0295
490,360 15.27 1.7956 27007 494.8559
577.363 11.70 1.3750 27007 581.4382
649,137 9.49 1.1152 27007 652.9532
657.615 8.26 0.9709 27007 661.2867
595409 7.39 0.8683 27007 598.9781
483.797 6.73 0.7908 27007 487.2889
353.608 6.21 0.7205 27007 357.0386
192.099 0.0000 27007 194.8000
138.911 0.0000 27007 141.6119
111.067 0.0000 27007 113.7677
87.676 0.0000 27007 90,3768
64.437 0.0000 27007 67.1373
42.416 0.0000 27007 45,1163
23.792 0.0000 27007 264928
9.830 0.0000 27007 12.5303

0.858 0.0000 27007 3.5501

0.007 0.0000 27007 2.7078

0.001 0.0000 27007 2.7014

Table 10.5: Sample Computation of Peak Discharge at a Return Period
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Peak O = 759.322 CMS @ 10,000 Years Return
Period

Peak O = 653.797 CMS @ 5,000 Years Return
Period

Peak O = 448.471 CMS @ 1,000 Years Return
Period

Peak Q = 382.897 CMS @ 500Years Return Period

Peak O = 310.777 CMS @ 200 Years Return Period

Peak O = 247.184 CMS @ 100Years Return Period

Peak O = 222.872 CMS @ 50 Years Return Period
Peak Q = 198.358 CMS @ 25 YearsReturn Period
Peak 0 = 190.185 CMS @ 20 Years Return Period
eak Q= 184.011 CMS @ 10 Years Return Period

Design Discharge in CubichMeters per Second (ChS)

Peak ®= 139.254 CMS @ 5 Years Return Period

Peak O = 99 702-EMS. Years Return Period

Time inHours{hr.)

Figure 10.7: Sample Graph of Peak Discharge for VasaReturn 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 nmethod, adjustment is made in the RIDF data
while the Log-Pearson Type Il 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 thefinal 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

0 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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0 Generate and present appropriate maps for the préeasibility
study report. These should be at a readable scale and contain
essential elements such as coordinates, legend, scale bar, etc.

0 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

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

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

0 Geologic hazards should not @sentcatastrophic risk to the
prolonged existence of the project after completion

I 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.qg. earthfill, rockfill, etc.)

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

0 Detailed geologic mapping as required; may assist in
determining the depth of boreholes for subsurface geologic
investigation in the future.

o Potential geophysical methodologies to beutilized 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 bythe 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 Pideminary 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 Gage 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 wising 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 Applicatiorgy O3 ET x %l AOAOET T 001 £E]
Path; and

2. Civil 3D ApplicationzO! 1 ECT | AT 66 AT A O0OI1 AEI A
to ensue 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 inFigurel2.3 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/en
going project within the Region (within the province is much better)
provided that the cost per item were derived notmore than 5 years upon
the approval of its Program of Work (POW) for construction or a detailed
unit cost derivation of a FullBlown FS.
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Figure 12.1: Sample Irrigation Network Layout using Google Earth Pro
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