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— MESSAGE FROM MINISTER

I am delighted to approve the Study Norms 2081 of the Department of Water Resources and
Irrigation. The Department plays a crucial role in the formulation, implementation, and monitoring
of large-scale projects and programs related to water resources including irrigation, water-induced
disaster management and the conservation of natural resources.

Nepal, once self-sufficient in food production, has increasingly relied on food imports to meet its
growing consumption demands. This rising dependency has placed considerable strain on the
country’s economy. as fluctuating food prices and external trade conditions can affect the
availability and affordability of essential food supplies. A combination of factors, including
population growth, shifting dietary habits, limited agricultural land, traditional farming practices,
and inadequate access to seeds, fertilizers, pesticides and infrastructure, has hindered local
- production from keeping pace with demand. Moreover, unpredictable climate patterns such as
erratic rainfall, frequent droughts. floods, and rising temperatures have led to crop failures,
particularly in rain-fed areas. Expanding irrigation systems, especially in water-scarce regions and
ensuring year-round irrigation could significantly boost food production and reduce reliance on
1imports.

= Additionally, Nepal faces increasing risks from floods, landslides and unpredictable rainfall,
highlighting the urgent need for improved disaster management infrastructure. Effective disaster
management requires an integrated approach that includes early warning systems, disaster
response planning and climate-resilient infrastructure. The government must prioritize investments
in flood control systems, landslide mitigation strategies and water conservation measures,
particularly in vulnerable areas.

I believe that Study Norms 2081 will serve as a comprehensive guide for the Department in
conducting studies and preparing project documents, ensuring consistency and standardization
across all offices. This updated version addresses the limitations of the previous edition, aligning
better with the Department's current scope and objectives.

. [ extend my best wishes for the successful implementation of the Study Norms 2081.

(Dipak Khadka)
Minister

Singhdurbar, Kathmandu, Nepal Phone: 977-1-4211513
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MESSAGE FROM SECRETARY

% The Department of Water Resources and Irrigation plays a crucial role in providing reliable
irrigation facility to irrigable land and enhance production and productivity of irrigable land and
contribute significantly in achieving the National Goal of Food Security and support in advancing
the commercialization of agriculture in the country. '

In addition to the various challenges we face, the impact of climate change and climatic variability
» has further complicated the pursuit of sustainable irrigation development. In this context, it is

essential to refine our processes and embrace new technologies to ensure efficient and effective

execution of our initiatives. The DWRI has the mandate of sustainable use of Water Resources
| ensuring food security along with Water Induced Disaster Risk Management and Conservation of
Natural Resources. Thus, the Department's scope has broadened, encompassing from large surface
irrigation projects to small conservation ponds and lift irrigation systems. This new Study Norms
will significantly contribute towards achieving.Department’s responsibilities by providing
direction and ensuring consistency during preparation of estimates for different studies. I am
hopeful that this Norms will be resourceful in producing the well-crafted project report and other

relevant documents.

I would like to express my sincere gratitude and congratulations to Department of Water Resources
and Irrigation and all the experts and staff colleagues who contributed towards the preparation of
the norms and offer my best wishes for its successful implementation.

(Sarita Dawadi )
Secretary
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FOREWORD

I am pleased to share that the Study Norms has been approved by the Ministry of Energy, Water
Resources and Irrigation, Government of Nepal on 18 October 2024 (2081/07/02) replacing the
— existing Norms for the Feasibility Study of Irrigation Schemes (approved by the then Ministry of
Irrigation, Government of Nepal on 1 July 2015 (2072/03/16)).

™ This norm has incorporated several items based on the changed scope of the Department of
Water Resources and Irrigation. Wide range of studies related to Inter-basin Water Transfer
Multipurpose Irrigation Projects, Small Earthen Dam, Pond Storage, Ground Water Irrigation
and Geological Survey, Lift Irrigation, Environmental Study, River Morphological Study, Water
Management Study have been added. Similarly, to align with the technological advancements,
a norms for drone survey and LiDAR Technique; and videography are also incorporated.

I would like to extend my gratitude to the Consultant team for their rigorous efforts in collecting,

) compiling and analyzing the norms. I appreciate all colleagues from the department who worked
directly and review committee members for their hard work, insightful suggestions, diligently
cross-checking and valuable feedback in finalizing this document.

[ believe, newly approved norms will streamline, provide uniformity and build confidence on the
estimation procedures according to the Department's evolving scope. Additionally, preparation
of the norms is continuous process so upgradation of the norms in future shall be carried out
based on the constructive feedback received and technological advancement.

A

My best wishes for successful implementation of this norms.

Thank you.

—~ (Sanjeeb Baral)
Director General

Director General

"Professional and Creative Administration : Development, Prosperity and Good Governance”
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1. Classification of Surface Irrigation Projects

For the study purpose surface irrigation Projects have been classified as follows:

A. Based on the command area under the scheme

> Mega Irrigation Project : command area > 5000 ha in Terai and command area >
1000 ha in hill

» Large Irrigation Project : command area: > 2000 ha < 5000 ha in Terai and
command area > 500 ha < 1000 in hill

» Medium Irrigation Project : command area: > 200 ha < 2000 ha in Terai and
command area > 25 ha < 500 ha in hill

» Small Irrigation Project : command area: < 200 ha in Terai and command area a

< 25ha inhill

B. Based on the type of water source
» Run off the river (RoR) schemes: Those schemes which divert water from source

to irrigation systems by means of weir/barrage where little or no water storage is
provided.

> Pond irrigation schemes: Those schemes which supply irrigation water from

ponds.

» Dam storage schemes: Those schemes which store water for irrigation in a

reservoir or lake impoundment by constructing dam.

» Multipurpose and/or inter basin transfer projects: Those projects which servers

one or more than one purpose in addition to irrigation or which involve transfer

of water from one river basin to other.

2. Stages of the Study

Following stages of study shall be carried out for the irrigation project development:

A. For all small and medium irrigation projects including run off the river schemes, pond
irrigation schemes, dam storage schemes with earthen dam up to 15m height, lift
irrigation schemes and multipurpose schemes, it will be sufficient to carry out three

levels of study:
» Identification Study
» Feasibility Study
» Detail Engineering Design & Tender Documents

B. For all irrigation projects except those falling under category A, the study will be

carried out in four levels as follows:
» Identification Study
» Prefeasibility Study
» Feasibility Study
» Detail Engineering Design & Tender Documents

%W(f/d/w/@
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Notes on Stages of the Study:

1. Feasibility study of the project shall also be treated as Detailed Project Report (DPR)
For technically noncomplex (simple) small RoR schemes, small earthen dam

"

schemes, lift irrigation schemes and pond irrigation schemes, feasibility study itself

may be sufficient for Tendering purpose.

3. Assumption/Basis of Norms for Departmental consideration

A. i. If the study/part of study has to be carried out by in house personnel, then following
compensation for field works shall be provided to the responsible person/s:

>

‘}’\

Labour cost = Total labour input (man days) x district rate of labour
Equipment cost per day
=1.5x district rate of labour for Identification Survey
= 5x district rate of labour for Pre-Feasibility Study
= 6x district rate of labour for Feasibility Study
= 6x district rate of labour for Detailed Design and
Tendering
Carrier /Porter Charge per day
=]x district rate of labour for Identification Survey
= 2x district rate of labour for Pre-Feasibility Study
=2x district rate of labour for Feasibility Study
=2x district rate of labour for Detailed Design and
Tendering
Accommodation and logistic per day
= 6x district rate of labour for Feasibility Study
= 6x district rate of labour for Detailed Design and
Tendering
Field Survey allowance per day for GON employee = ((Basic Monthly Salary +
Monthly Remote Area Allowance of the field location) x 1.5)/30
Daily allowance shall not be provided for the employee who is receiving survey
allowance; however other allowances (except daily allowances) shall be provided
as per GON rules
Lodging and Travel allowance will not be provided to the locally hired personnel
Rates for the consumable items (pegs, pillars etc) required for the field survey will
be based on the general market available rates and cost for these items shall be
provisioned in cost estimate.

A. ii. If the study/part of study has to be carried out by in house personnel, then following
compensation for office works shall be provided to the responsible person/s:

» Daily allowance for desk study = 50% of ((Basic Monthly Salary + Monthly

8 i

s/

Remote Area allowance at the location of desk staug»x 1.5/30)
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> Rates for the stationeries/ consumable items required for the desk study and report
preparation will be based on the general market available rates and cost for these
items shall be provisioned in cost estimate.

4. Basis of Norms for Consultant/s consideration

If the assignment has to be performed through the consultant/s, then following provisions shall
be made in the cost estimate:

» Estimate shall be prepared based on rate for the different expert approved by
DWRI & evaluated salary per day shall be based on considering 30 days of a
month.

> 20 % of the daily remuneration (unless specified otherwise) shall be provisioned as
per diem for the National professionals for the duration of fieldwork, whereas, such
rate for International Professional shall be 5% of the daily remuneration.

> Estimate for equipment (field and office), transportation, accommodation and
logistic supports (carriers, porters etc), consumables items (field and office) etc
shall be based on the provision/s given in corresponding study’s norms.

5. Technical Support Group (TSG)

To enhance the quality of reports received under feasibility and environment study contracts of
large/complex irrigation projects, a Technical Support Group may be formed. Professionals of
different expertise shall be nominated by the Client to form such Technical Support Group. The
TSG shall review the reports, provide comments and suggestions on it and review the revised
reports to check whether the comments and suggestions are incorporated or not. List of the TSG
experts are presented below:

SN | Experts Number | Review meeting per | Remarks
person
1 Irrigation Engineer/Expert 1 4t05
2 Hydrologist/ Hydrology 1 3to5
Experts
3 Geological/Geotechnical 1 2to4
Engineers/Experts
4 Mechanical Engineer/Experts 1 2t0 4
5 Environmental 1 2to 4
Engineer/Experts
6 Financial/Economic Analyst 1 2to 4
7 Other Experts as per the . 4t06
requirement including project
team
8 Hydropower Engineers/Experts | 1 2to4 For multipurpose
project with
hydropower
component
9 Power System/Electrical 1 2to4 For multipurpose
Engineer/Expert project with

& gw . ”
b W%l



hydropower
component

Cost of such formed group shall be provisioned in cost estimate.

NOTE: The number of meetings and category of experts shown in table above may be

changed based on requirement of project and phases of study

1.1.ROR SCHEMES AND POND IRRIGATION

For the purpose of ROR irrigation schemes study, Rivers in Nepal have been classified into four

types as Class 1, Class 2, Class 3 and Classless River as detailed below:

River type

Details

[ Class 1 River

Major rivers originated from Himalayas and snow
fed, perennial and part of Mahakali, Karnali,
Gandaki and Koshi river and their major tributaries,
such as Bheri, Marshyangdi, Sunkoshi etc,

Il Class 2 River

Rivers originated from Mahabharata range and
further north, such as Mechi, Kamala, Bagmati,
Tinau, Rapti and Babai and their major tributaries,
such as Marin,

[1I Class 3 River

Rivers originated within the Terai, Bhabar zone or
from Siwalik hill formation, prone to flash floods
such as Khando river, Banganga, Tilabe, Sirsia,
Manusmara, Hardinath, Sunsari. Minor rivers in the
mountain and hills may also be classified under this
category.

IV Classless River

Smaller class of rivers with small peak flow, large
drains with significant discharge. Small tributary of
any class of river.

Study Norms, 2081
Department of Water Resources and Irrigation
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1.1.1. NORMS FOR IDENTIFICATION STUDIES
FIELD WORK
1.1.1.1.1. HEADWORK SITE

A. Location and Hydrological survey
i- Human Resources required:

Engineer/Sub engineer (SE)
Labour 4

ii- Performance criteria:

Small/Medium Projects 1 day
Large/Mega Projects 3 days
Pond Irrigation 1 day

1.1.1.1.2. CANAL ALIGNMENT

A. Layout Verification Survey (by fly level/appropriate tool)
i- Human Resources required:

Engineer/Sub engineer 1
Labour 2

1i- Performance criteria:

Small/Medium Projects 1 day
Large/Mega Projects 3 days
Pond Irrigation 0.50 day
1.1.1.1.3. COMMAND AREA

A. Command Area Verification by GPS/Available Technique
i- Human Resources required:

Engineer/Sub-Engineer ]

Labour

ii- Performance criteria:
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Small/Medium Projects 1 day 1
Large/Mega Projects 3 days
W Pond Irrigation 0.50 day

Socio-Economical Survey
i- Human Resources required:

Sociologist/Association Organizer (AO) 1

Labour |

1i- Performance criteria:

iii-

Small/Medium Projects 1 day
Large/Mega Projects 3 days
Pond Irrigation 0.50 day
1.1.1.1.4. MISCELLANEOUS

A. Transportation

Estimate for travel expenses shall be made based on means of transportation,

market rate of transportation means and days required for travelling (to reach the
field (work site) and return back)

OFFICE WORK

DESK STUDY FOR ROR IRRIGATION AND POND IRRIGATION
1.1.1.1.5. DATA COMPILATION, ANALYSIS AND REPORT PRESENTATION

i- Human Resource required:

Engineer 1
Sub-engineer 1
Sociologist/AO 1
Computer Operator 1
Office Assistant 1

ii- Performance criteria:

L Small/Medium RoR Projects

Secretary
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Large/Mega RoR Projects 15 days
Pond Irrigation 3 days
1.1.1.1.6. OFFICE AND FIELD EQUIPMENT
Field Equipment, Field Consumables 15 % of Total Cost of
and office equipment such as Computer, Human Resources
Scanner, Photocopy, Printer, Plotter, (Office+Field)
Toner, Cartridge, Binder, Stationary, All
Consumables etc

CRITERIA FOR SELECTION OF ROR IRRIGATION, POND IRRIGATION AND
IRRIGATION WATER STORAGE DAM DATA

The criteria for the selection of the project for identification may be:

> Beneficiaries signature in project request forms as per irrigation guidelines/policy;
No potential water right disputes;
Beneficiaries’ commitment to take future O&M responsibilities, if required;
Water availability in the Source;
Recommendation from local level

Y V VY
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TERMS OF REFERENCE FOR IDENTIFICATION OF THE IRRIGATION
PROJECT FOR ROR AND IRRIGATION POND

Desk Study

- Review of Farmers' Request Form), if any, and other available documents (topographic
map, LRMP map, Aerial photography, Climatological records, Hydrological records,
Geological maps, Socio-demographic records etc) related with project area;

- Locate the project area on available Topographic Map/Google/GIS map/s;

- Locate the tentative alignment of canal systems on available Topographic
Map/Google/GIS map/s;

Field Visit (Walkthrough Survey)

- Send information to the farmers before field visit informing tentative date of site visit, if
required. Identification team should carry but not limited to the following tools:

* Copy of project request form, if any;

Project identification questionnaire, if any;

Topographical maps;

Note books and necessary stationary;

GPS or other appropriate tools;

Stop watch;

Calculator;

Camera;

Measuring tape;

- Verify the appropriate Intake/Head Work location

- Measure/Estimate Discharge at Proposed Intake/Head work location

- Walk through along the proposed canal alignment taking coordinates of the required
points at specific locations

- During walk through, landslide/erosion should be assessed

- Tentatively delineate command area boundary using GPS or appropriate tools

- Assessment of existing cropping pattern

- Assessment Existing Irrigation Practices, if any

- Assessment of Water Management Practices, if any

- Assessment of Market facility

- Accessibility of Project Area

- Assessment of construction material availability

- Existing WUA & its function, if any

- Assessment of beneficiary Population/HH of the project

- Assessment of Woman Headed HH of the project area

- Assessment of Social Composition of the area

- Assessment of food sufficiency of the project area

- Ifitis an existing system, brief inventory of the system

- Assessment of willingness of the farmers for providing land for developing system, if
required

- Assessment of willingness of the farmers towards cost contribution'|ag_er Irrigation
/?R {6/" 10 Q{ \y/
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Policy/Regulation

Reporting

Based on the data and information collected during the field visit the team needs to analyze
the project findings and finalize the identification study. The analysis should be based on
technical, economic and social aspects of project implementation. In addition to technical
details, the analysis should cover but not limited to the following aspects:

- Water Availability;

- Type of Diversion works;

- Length of main canal;

- Size and type of command area (terrace/plain);

- Water right problems;

- Nature of soil in canal alignment & command area;

- Major technical difficulties (cross drainage/landslide/unstable zones);
- Poor farmer’s presence;

- Farmer’s interest;

Recommendation Report

The recommendation may be based on, but not limited to the followings:
- Genuineness of demands, if any;
- Command area
- Technical complication
- Water availability and Water dispute;
- Potential for increased agriculture production;
- Environmental adversc effect
- Rehabilitation/ Rehab with extension/ New Scheme/Minor improvements

The Recommendation should clearly state whether the project should be abandoned,
delayed or proceed for further study.

MODE OF PAYMENT

A. For Departmental Employees :
The amount shall be paid to the employes assigned for the study as follows:
- For mobilization and field work 60% of the total amount as an advance.
- Upon submission and acceptance of Final Survey Report 40% of the total amount.

Final payment shall not be made if the mentioned work is not completed as per TOR,
and the assigned team will be fully responsible ensuring the quality of report as per
requirement.

B. For Consultant (if employed):
Mode of Payment for consulting services shall be decided by the Client based on the
duration of services, stage of reporting, prevailing procurement rules and regulations, donor
agencies’ guidelines, if any, and availability of funds

—
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1.1.2. NORMS FOR PRE-FEASIBILITY STUDIES

FIELD WORK

1.1.21.4.

HEADWORK SITE

A. Site selection (confirmation by fly

i- Human Resource required:

Study Norms, 2081
" Durpye kIEPartment of Water Resources and Irrigation

level survey/ appropriate technique\)

Team Leader

0.1
Senior Surveyor/Engineer 1
Sub-Engineer 1
Labour 5
ii- Performance criteria :
RoR Schemes Hills 6 km/day 7
L RoR Schemes Terai 8 km/day !
B. Profile Survey (L-Section and X-Section Survey)
B.1. Using conventional method
i- Human resource required:
Human Resource Class 1 | Class2 | Class 3 Classless—’
river river river river
Team Leader/Hydraulic Engineer 0.1 0.07 0.05 0.035
Engineer/Surveyor 1 0.7 0.5 0.35
Sub-Engineer/ Supporting staff 1.4 1 0.7
Labour 6 4.2 3 2.1

\gSecretary
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ii- Performance criteria:

_ ' River type

days

across the river)

I Class 1 river (at least 3 nos of X-section 5 days/ km length along river

across the river)

II Class 2 river (at least 3 nos of X-section | 5 days/km length along river

across the river)

III Class 3 river (at least 3 nos of X-section| 3 days / km length along river

IV Classless River (at least 3 nos of X- 2 days/ km length along river
section across the river)

B
.2. Using Bathymetric survey metho

rates and or other GON Entity’s N

C. Hydrological survey

d

The cost for bathymetric survey, if required, can be obtained from prevailing market

orms.

i. Human Resources required

Engineer/Hydrologist 1
~ Sub-Engineer 1
Labour 2
ii. Performance criteria:
] All Projects 2 days

Notes:
1. For large projects collect river

bed materials data for grain size analysis @ 50 m

interval along headworks axis (pit size 1.5mx1.5mx2 m ). Labour required per pit =3

entity or prevailing market rates.

Nos. Rate for grain size analysis can be taken from approved rates of other GoN

2. If there is no gauging station in the vicinity of Headworks site, it is desirable to

D. Geological survey
a. Excavation pit
i- Human Resources required:

- ed s

. %(M/ e

install a gauging station during early stage of pre-feasibility study.

5

\ /

M @v@

Secretary

&

ectok General



= =

2 & 3 g Study Norms, 2081
X > N

‘%“2 n,,,em 0@ . Department of Water Resources and Irrigation
0

¥ ” Water Reso™ \\““
"’ar Kathma™®™

Team Leader 0.1
Senior Geologist/Geotech Engineer 1
Geologist/ Sub Engineer 1
Labour x4= 28
7 labours can dig 1 pit a day of size
e 1.50m x 1.50m x 5m

Performance criteria:

All Projects (4 pits, 1 no at each bank and 2 no 1 day
at river bed)

Note: Pit excavation can be replaced by hand auger or core drilling of Sm depth.
Cost of hand auger or core drilling can be obtained from related work norms or

market price.

b. Geophysical Exploration, if required:
Rates for Geophysical Exploration (ERT/SRT or any other pertinent tests) shall be
obtained from the Geophysical exploration norms mentioned in related chapter.

¢. Sub soil exploration by Core drilling/bore holes (Rotatory Drill), if required:
Rates of core drilling/ boreholes shall be obtained from the core drilling norms

mentioned in Norms of works.

Note: Rate of all pertinent test required from the samples obtained during core drilling
shall be taken from prevailing market rate or as norms prepared by other GON entity.

1.1.2.1.2. CANAL ALIGNMENT

A. Layout confirmation by field survey
i- Human Resources required:

Team Leader 0.1
Surveyor/Engineer 1
Sub-engineer 1

lé/ Labour 5

 ii- - Performance criteria:

V RoR Schemes Hills i 6 km/day

RoR Schemes Terai Qf [ / 8 km/day

SNErr 4
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B. Geological survey
i- Human Resources required:

— Team Leader

0.1

Senior Geologist/Geotech Engineer

1

Geologist/ Sub Engineer

1

Labour

3x2=6

3 labours can dig 1 pit a day of size

1.50mx 1.50m x 2m

— 11- Performance criteria:

IHand auguring or excavating pit for soil test
@ 3 km along main canal

6 km/day

1.1.2.1.3. CROSS DRAINAGE WORKS

A. Hydrological Survey

i- Human Resources required:

Team Leader

0.1

. Engineer/Hydrologist

Assistant

Labour

ii- Performance criteria:

All Projects

4 CD/day

Note : Only major cross-drainages with a river width of more than 10 meter
bank to bank or with a discharge more than 200 1/s are to be assessed
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B. Geological survey
a. Pit excavation
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Human Resources required:-

Team Leader 0.1
Senior Geologist/Geotech Engineer 1
Geologist/ Sub Engineer 1
Labour 4.7x6 =28
4.7 labours can dig 1 pit a day of
pit size 1.5m*1.5m*3m

11- Performance criteria;

2 pits at each major CD works

3 major CD/day

Note: Pit excavation can be replaced by hand auger or core drilling of 3m depth.

]

Cost of hand auger or core drilling can be obtained from related work norms or
market price.

b. Geophysical exploration in major Terai Cross Drainage, if required:

Rates for Geophysical Exploration (ERT/SRT or any other pertinent tests) shall be
obtained from the Geophysical exploration norms mentioned in related chapter.

1.1.2.1.4. COMMAND AREA

A. Area Verification Survey

i- Human Resources required:

Team Leader 0.1
Surveyor/Engineer 1
Sub-engineer 1
Labour 3

ii- - Performance criteria:

Command area up to 1000 ha in hill and 2000 ha in Terai

Command area more than 1000 ha in hill and 2000 ha in Terai

5 days

4
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B. Agricultural Survey

i- Human Resources required:

Study Norms, 2081
Department o# Water Resources and Irrigation

Agriculturist/Agronomist 1
JT/Sub-Engineer 1
Labour 1

ii- Performance criteria:

Command area up to 1000 ha in hill and 2000 ha in Terai

S days

Command area more than 1000 ha in hill and 2000 ha in Terai

7 days

C. Agricultural Soil Survey
e Infiltration rate

Requirements: 1 test in each 100 ha command area.

Note:

i- Agricultural soil survey shall be carried out at selected sites.
ii- The cost of infiltration test can be obtained from prevailing market rates and

for approved rate of other GON entity.

D. Socio-Economical Survey (Based on Group Discussion and questionnaire)

i- Human Resources required:

Sociologist/Economist 1

Association Organizer/Sub-Engineer 3

1i- Performance criteria:

Command area up to 1000 ha in hill and 2000 ha in Terai

6 days

Command area more than 1000 ha in hill and 2000 ha in Terai

10 days

1.1.2.1.5. CONSTRUCTION MATERIAL SURVEY

The construction material survey shall be conducted in order to establish quarry sites
and borrow area. 2 to 3 samples for each quarry site shall be collected by excavating
pit to identify borrow areas and quarry sites for the construction materials. Minimum
size for test pit shall be 1.5mx1.5mx 2.0m. Inspection of quarry sites shall be carried
out to obtain a qualitative idea of material quantity and quality in relation to project

0)’ size. Samples collected from each quarry site shall be sent to laporatory to pgrform
standard tests to confirm materials su1tab1]1ty %
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i- Human Resources required:

Team Leader 0.1
Geologist 1
Engineer |
Labour 3*3=9
3 labours can dig 1 pit a day of
size 1.50m x 1.50m x 2m

il- Performance criteria:

fExcavating pit for material test @ 3 pit per quarry site I quarry site/day —’

a. Notes:

The rates for laboratory test/s shall

be obtained from prevailing Market price and/or
approved rate by other GON entity.

b. Geophysical exploration of quarry site/s, if required:

Rates for Geophysical Exploration (ERT/SRT or any other pertinent tests) shall be
obtained from the Geophysical exploration norms mentioned in related chapter.

1.1.2.1.6. MISCELLANEOUS

A. Transportation
Estimate for travel expenses shall be made base
market rate of transportation means and da
field (work site) and return back).

d on means of transportation,
ys required for travelling (to reach the

OFFICE WORK

1.1.2.1.7. DESK STUDY

A. Data collection, Compilation and Report presentation

1-  Human Resources required:

Team Leader 0.1
Engineer 1
GIS expert 1
Office Assistant |
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Department of Water Resources and Irrigation

ii- Performance criteria:

Study Norms, 2081

All Projects

4 days

1.1.2.1.8. HEADWORK SITE

A. Location, L-section and X-section

i- Human Resources required:

Team Leader

0.1

Engineer

Sub-engineer

Office Assistant

ii- Performance criteria:

All Projects

1 day

B. Hydrology

i- Human Resources required:

Team Leader

0.1

Hydrologist

Sub-Engineer

Office Assistant/Computer operator 1

ii- Performance criteria:

River type

Days

I Class 1 river

4 days

11 Class 2 river

3 days

111 Classless / Class 3 Rivers 2 days

4
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C. Geology
i- Human Resources required:
Team Leader 0.1
Senior Geologist/Geotech Engineer 1
Geologist/ Sub Engineer 1
Computer Operator |

ii- Performance criteria:

L All projects 2 days W

Add Laboratory cost for required lab tests of samples collected from the Head works site.

D. Drawings

i- Human Resources required:

Engineer 1

Sub-engineer 1

i- P AutoCAD expert |
€

rformance criteria:

L All Projects 3 days 1

1.1.2.1.9. CANAL ALIGNMENT
A. Layout

i- Human Resources required:

Team Leader 0.1
Engineer 1
Sub-engineer 1
Auto CAD expert 1

ii- Performance criteria:

All projects 3 days 1

iieie. B, _Geology

i- Human Resources required:

Team Leader ‘ A, 0.1
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Senior Geologist/Geotech Engineer

Geologist/ Sub Engineer

Computer Operator

ii- P
erformance criteria:

All Projects

10 km/ day

Add Laboratory cost for required lab tests for samples collected from the canal alignment, if any.

1.1.2.1.10. CROSS DRAINAGE WORKS
A. Hydrology

i- Human Resources required:

ii-

Hydrologist

Assistant

1ii- Performance criteria:

All Projects

8 CD/day

B. Geology

i- Human Resources required:

Team Leader

0.1

Senior Geologist/Geotech Engineer

Geologist/ Sub Engineer

Computer Operator

11- Performance criteria:

| All Projects

8 CD/ day

Add Laboratory cost for required lab tests of samples collected from the Cross Drainage locations,

if any. S
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1.1.2.1.11. COMMAND AREA

A. Command Area Mapping
i-  Human Resources required:

Team Leader 0.1
Engineer/GIS expert 1
Sub-engineer 1
Auto CAD expert 1

1i- Performance criteria :

L All projects 2 days —l

B. Agriculture and Agriculture Soil Survey

i- Human Resources required:

Agriculturist/Agronomist 1
JT/Sub-Engineer 1

1i- Performance criteria:

All Projects 3 days

C. Hydrology

i- Human Resources required:

Team Leader 0.1
Hydrologist 1
Sub-Engineer |

ii- Performance criteria:

All Projects 2 days T

D. Socio-Economy

i- Human Resources required:

[6)‘ ¢
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ii- Performance criteria:

All Projects 3 days

1.1.2.1.12. CONSTRUCTION MATERIAL ANALYSIS

i- Human Resources required:

Team Leader 0.1

Engineer ]

Sub-Engineer !

ii- Performance criteria:

All Projects 1 2 days

Add Laboratory cost for required lab tests for samples collected from the quarry site.

1.1.2.1.13. MISCELLANEOQUS - for Hills and Terai
A. REPORT PREPARATION

i- Human Resources required:

Team Leader/Water Resources Expert 1

Hydraulic Engineer 1
Hydrologist 0.50

Geologist |
Socio Economist 0.50
GIS/Expert 0.50
Agronomist 0.50

Computer Operator 1

ii- Performance criteria :

All Projects 10 days
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OFFICE SPACE, OFFICE AND FIELD EQUIPMENT & CONSUMABALES

Field Equipment, Field Consumables and
Office Space, Office equipment such as
Computer, Scanner, Photocopy. Printer,
Plotter, Toner, Cartridge, Binder, Stationary,
All Consumables etc

15 % of Total Cost of Human
Resources (Office+ Field)
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TERMS OF REFERENCE FOR PRE FEASIBILITY OF THE IRRIGATION PROJECT

The pre-feasibility study should be carried out for the irrigation projects that will decide
whether detail feasibility study will be required or not. The study tentatively assesses the
technical feasibility, economic viability and institutional suitability of the project
implementation. The pre-feasibility study is carried out in the following steps:

» Desk study

> Field survey work

» Reporting and recommendation

TERMS OF REFERENCE FOR PRE FEASIBILITY OF THE IRRIGATION PROJECT

Desk study

- Review of Identification Report and Farmers’ Request Form, if any, and any other
related documents

- Locate the project area on Topographical/Google/GIS map/Arial map/s

- Assessment of Intake/Head Work, Canal Layout & Command Area on above map/s

Field survey work

Send information to the farmers before field visit informing tentative date of site visit.
Survey team should carry, but not limited to the following tools:

e Copy of project request form, if required;

e Copy of Identification Report;

e Topographical maps;

e Note books and necessary stationary;

e Level Machine/ other precise tools

e  GPS/appropriate tools;

e Stop watch;

e (Calculator;

e (Camera;

e Measuring tapes

- Verify the appropriate Intake/Head Work location,

- Take Cross Profiles of the river covering at least 0.5 km u/s & 0.5 km d/s (at an
interval but not limited to250m) of proposed intake site, and at least one at proposed
Intake/Headwork location.

- Measure Discharge at Proposed Intake/Head work location

- Assess the type of Intake/Head Work to be proposed

- Carryout Geophysical survey of the headworks and major structures , if required

- Carryout Sub soil exploration of the headworks, if required and assess bearing capacity

@} of foundation soil for Headworks and major structures
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- Walk through along the proposed canal alignment and verify whether alternative
alignment can be considered; take co-ordinates at specific locations.

- Take a fly level along the proposed canal alignment to assess the ground profile.
Assess the tentative number & type of major/minor structure along the canal including
cross drainage works

- Assess landslide, erosion with possible mitigation measures

- Assess soil strata of main canal alignment

- Make Assessment of construction material quantity and quality/equipment availability
& cost

- Make Assessment of skilled/unskilled labor availability in the area

- Take close traverse of command area using GPS/appropriate tools

- Make Assessment of existing cropping pattern

- Make Assessment of Existing Irrigation Practices, if any

- Make Assessment of Water Management Practices, if any

- Make Assessment of Market facility

- Make Accessibility of Project Area

- Find and interact with Existing WUA & evaluate its function, if any

- Make Assessment of beneficiary Population/HH of the project
Make Assessment of Woman Headed HH of the project area

- Make Assessment of Social Composition of the area

- Make Assessment of food sufficiency of the project area

- Ifitis an existing system, brief inventory of the system

- Make Assessment of willingness of the farmers for providing land for developing
system

- Make Assessment of willingness of the farmers towards cost contribution as per
Irrigation Policy/Regulation

Reporting & Recommendation

Based on the data and information collected during the field visit the team needs to analyze
the project findings and finalize the prefeasibility study. The analysis should be based on
technical, economic and social aspects of project implementation. The analysis should cover
the following aspects:

- Length of main canal and soil strata;

- Headworks location with alternative plan, if any

- Tentative soil condition of head works and major cross drainage works foundation

- Size and type of command area (terrace/plain); Water right problems;

- Type of soil;

- Major technical difficulties (cross drainage/landslide/unstable zones);

- Poor farmer’s presence;

- Farmer’s interest;

- Make Assessment of tentative cost of the project
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- Evaluate Cost per ha
- Make Assessment of tentative benefit of the project
- Evaluate economic indicators (NPV, Internal Rate of Return and Benefit Cost Ratio)

Recommendation Report.

The recommendation may be based on:

- Genuineness of demand;

- Command area;

- Technical complication;

- Environmental adverse effect;

- Economic indicators i.e. Cost/ha, EIRR & B/C ratio etc’
MODE OF PAYMENT

A. For Departmental Employees :
The amount shall be paid to the employes assigned for the study as follows:
- For mobilization and field work 60% of the total amount as an advance.
- Upon submission and acceptance of Final Survey Report 40% of the total amount.

Final payment shall not be made if the mentioned work is not completed as per TOR,
and the assigned team will be fully responsible ensuring the quality of report as per
requirement.

B. For Consultant:
Mode of Payment for consulting services shall be decided by the Client based on the
duration of services, stage of reporting, prevailing procurement rules and regulations, donor
agencies’ guidelines, if any, and availability of funds.
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1.1.3. NORMS FOR FEASIBILITY STUDIES
FIELD WORK

1.1.3.1.1. HEADWORK SITE

A. Finalization of Headworks location (Total Station or Appropriate Instrument)

i- Human Resource required:

Team Leader/Water Resource Engineer/ 0.25 1
Hydraulic Engineer
Engineer/Surveyor |
Sub-Engineer 1
Labour 4

ii- Performance criteria

Hills 6 km/day
Terai 8 km/day

L1

B. Benchmark survey

i~ Human Resource required :

Team Leader 0.1

- Engineer/Surveyor 1
Sub-Engineer 1

Labour 6

ii- Performance criteria :

—

Location BM/day
All Projects 10

SRR

C. Contour Survey

i-  Human Resource required:

Team Leader/Water Resource Engineer/
Hydraulic Engineer

Engineer/Surveyor

[
()

Sub-Engineer
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I Class 1 river 4 days
IT Class 2 river 3 days
11 Class 3 river 2 days
IV Classless River | day
D. L-section & X-section Survey
i- Human Resource required :
Human Resource Class 1 | Class 2 | Class 3 |Classless
river river river river
Team Leader/Water Resource Engineer/ 0.1 0.07 0.05 0.035
Hydraulic Engineer
Engineer/Surveyor 1 0.7 0.5 (.35
Sub-Engineer/ Supporting staft 2 1.4 | 0.7
Labour 6 4.2 3 2.1
ii- Performance criteria:
River type Days

I Class | river (at least 3 nos of cross
section across the river in 1 km length of
river)

5 days/ km length along river

I Class 2 river (at least 3 nos of cross
section across the river in 1 km length of
river)

S days/km length along river

111 Class 3 river (at Icast 3 nos of cross
section across the river in | km length of
river)

3 days / km length along river

1V Classless River (at least 3 nos of cross
section across the river in | km length of
river)

2 days/ km length along river

Note: The cost for Bathymetric Survey, if required, can be obtained from
prevailing market rates and other GON entity’s norms.
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E. Geological Survey
For Irrigation project Command area <= 500 ha
i- Human Resources required:

Team Leader/Senior Geologist/ 1
Senior/Geotech Engineer
Geologist 1
Labour 7x3 =24

7 labours can dig 1 pit a day in river
bed of size 1.50m x 1.50m x 5m

ii- Performance criteria:

All Projects (3 nos of pits at river bed) | day 1

Note: Pit excavation can be replaced by hand auger or core drilling of Sm depth.
Cost of hand auger or core drilling can be obtained from related work norms or
market price.

For RoR Irrigation project Command area > 500 ha
For test pit

i- Human Resources required:

Team Leader/Senior Geologist/ Senior 1
Geotech Engineer
Geologist 1
Labour 7x5= 35

7 labours can dig 1 pit a day in
river bed of size 1.50m x 1.50m x
Sm

ii- Performance criteria:

All Projects (5 nos of pits, 3 nos at river bed and 1 no in each 1 day
river bank)

Note: Pit excavation can be replaced by hand auger or core drilling of Sm depth.
Cost of hand auger or core drilling can be obtained from related work norms or
market price.

o & %/
g\\\/ /oe%/%/s w




\ L

£
4'.&3» R
_ o b . 3
Z ety o2
%, Covemnnee &
o N
anefg)" W& ,Z"\V“Q
. ngh Durbar. ¥ Study Norms, 2081

Department of Water Resources and Irrigation

Geophysical Exploration, if required:
e Rates for Geophysical Exploration (ERT/SRT or any other pertinent tests) shall be
obtained from the Geophysical exploration norms mentioned in related chapter.

. Sub soil exploration by Core drilling/bore holes (Rotatory Drill), if required:
Rates of core drilling/ boreholes shall be obtained from the core drilling norms
mentioned in Norms of works.

— Note: Rate of all pertinent test required from the samples obtained during core drilling
shall be taken from prevailing market rate or as norms prepared by other GON entity.

F. Hydrological survey + Water quality test

i- Human Resource required :

R Human Resource Class 1 | Class2 | Class 3 Classless
river river river river
Team Leader 0.1 0.07 0.05
h Hydrologist 1 0.7 0.50
Sub Engineer 2 1.4 1 ¥
— Labour 2 1.4 1 0.7

ii- Performance criteria :

— River type Days
I Class 1 river 3 days
IT Class 2 river 3 days
] I Class 3 river 2 days
IV Classless River and Pond Irrigation 2 days
Scheme

G. River morphology and Sedimentation survey

i- Human Resource required:

Team Leader 0.
- Engineer/Silt Analyst/Geotechnical Engineer
Sub-Engineer

Labour

@ |ie | =

11- Performance criteria :

RoR Schemes <= 500 ha 2 days
RoR Schemes > 500 ha 3 days

H. Discharge Measurement and Sediment Study Covering all seasons during




contract period, if included.

Study Norms, 2081

Department of Water Resources and Irrigation

S Particular Quantity/Basis for Quantity
N Estimation
I |Installation of automatic hydrological|l Set
station with telemetry as per requirement
2 | Installation of automatic weather station|1 Set
with telemetry for storage projects
3 |Establishment  of  staff gauge at|l set(Total height as per
headwork/dam/weir site requirement)
4 |Establishment of staff gauge at power| 1 set (Total height as per
house site (optional) requirement)
5 | Training to Gauge reader for discharge|Lump Sum
measurement
6 | Discharge Measurement
Hiring of equipment (current meter or | Number of months allocated for
other appropriate equipment) with study
complete accessories
Allowance for technician sub-engineer |5-10 days x number of months
for study
Transportation cost for discharge As per accessibility of Project
measurement person and equipment
7 | Sediment Sampling

a. Utilization cost of sediment sampler
with all accessories

Lump Sum

b. Cost of sediment sampling

One sample per day for wet
months (June-September) and 2
samples per month for dry
months.

c. Transportation of sediment sample to
lab

Once in a month for total study
period

Lab Tests on Sediment Samples

a.Sediment concentration measurement

No of samples as in 6b.

b. PSD Analysis

Two number per month for wet
months and One number in total
for dry months (Total Nine PSD
analysis each year)

c. Mineralogical Analysis

Two number per month for wet
months and One number in total
for dry months

(Total Nine Mineralogical
analysis each year)

d. other analysis as per recommendation | Lump Sum
by the feasibility and environmental
study team
9 | Water Quality Analysis |
Water Quality Test as per TOR Olfe w}{t per month
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the
feasibility and environmental study team

Other analysis as per recommendation by | Lump Sum

The rate of items related to this study shall be obtained from market and/or approved GoN

Norms.

1.1.3.1.2. Settling Basin

A. Site Selection
i- Human Resources required:

Team Leader 0.1
Geologist !
Hydraulic Engineer I
Surveyor 1
Environmental Expert 0.5
ii- Performance criteria:

Settling basin Discharging capacity < 1 cumec | day
Settling basin Discharging capacity < 10 cumecs 1.5 day
Settling basin Discharging capacity > 10 cumecs 2 day

B. Benchmark survey
i- Human Resources required:
Team Leader 0.1
Surveyor \
Sub-Engineer l
Labour 6
ii- Performance criteria:
All Projects 10 BM/Day
C. L-Sec & X-Sec Survey
i- Human Resources required:
\ 0.1

dy @ - Team Leader :
R UGN
g A
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Surveyor

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

Labour

1i- Performance criteria:

All Projects

3.0 kmy/day

D. Geological Survey
i- Human Resources required:

Team Leader

0.1

Geologist

Engineering Geologist/ Geotechnical Engineer

Surveyor

Sub-Engineer/Assistant Geologists/ Assistant
Hydrologists/Assistant Surveyor

Assistant

Labour

ii- Performance criteria:

All Projects

3 Km/day

1.1.3.1.3. CANAL ALIGNMENT
A. Layout Survey

i- Human Resource required :

Team Leader

0.10

Engineer/Surveyor

Sub-Engineer

[89)

Labour

1i- Performance criteria :

/ 3 km/day

Hills L
@J’ v
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Terai 6 km/day
B. L-section Survey
i- Human Resource required:
Team Leader/Water Resource Engineer 0.10
Engineer/Surveyor 1
Sub-Engineer |
Labour 6
ii- Performance criteria:
Hills 3km/day
Terai 6 km/day
C. X-section Survey
i- Human Resource required :
Team Leader/Water Resource Engineer 0.10
Engineer/Surveyor 1
Sub-Engineer 1
Labour 8
ii- -Performance criteria :
Location Distance Performance
Hills 50 meter 1.5 km/day
Terai 50 meter 3 km/day

D. Bench mark Survey

i- Human Resource required:

0.10

Team Leader

Engineer/Surveyor

Sub-Engineer

Labour
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1i- Performance criteria :

Location Distance c/c BM/day
Hills 0.5 km 10
Terai 1.0 km 10

E. Geological Survey
For RoR Schemes command area <= 500ha. and all pond irrigation schemes

1-  Human Resources required:

Team Leader 0.10
Senior Geologist/Geotech Engineer 1
Geologist/ Engineer 1
Labour 6x3=18
3 labours can dig 1 pit a day of size
1.50m x 1.50m x 2m

ii- Performance criteria:

Hand auguring or excavating pit (1.5mx1.5mx2m) 6 km/day
for soil test @ 1 km along main canal

For RoR Schemes command area > 500ha

i- Human Resources required:

Team Leader 0.10
Senior Geologist/Geotech Engineer 1
Geologist/ Engineer 1
Labour 6x3=18
3 labours can dig 1 pit a day of size
1.50m x 1.50m x 2m

ii- Performance criteria:

Hand auguring or excavating pit (1.5mx1.5mx2m) for 6 km/day
soil test @ 1 km along main canal)

Infiltration rate Survey for Geological Study (For Surface irrigation schemes > 500 ha only)

quwement | test in evcry 500m alo&anal alignm
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Note: Cost of infiltration tests can be obtained from prevailing market rates
1.1.3.1.3.1.1.1.Dispersion Test of Soil:

Requirements: 1 test in every 1 km and at the locations where soil is susceptible
Note: The Cost of dispersion test can be obtained from prevailing market rates

1.1.3.1.4. CROSS DRAINAGE WORKS

A. Contour, L-section and X-section Survey

i- Human Resource required :

Team Leader 0.1
Engineer/Surveyor 1
) Sub-Engineer/ Supporting staff 2
Labour 6
| ii- Performance criteria:
River type Days
B I Class | river | CD/day
II Class 2 river 2 CD/day
B [1I Class 3 river 4 CD/day
[V Classless River 6 CD/day
B B. Geological Survey

e For Class 1 and Class 2 River Cross Drainage
Test pit
i- Human Resources required:

Team Leader

0.1
Geologist

|
Labour 7xS = 35

7 labours can dig 1 pit a day in river bed of size
1.50m x 1.50m x Sm

ii- Performance criteria:

Each CD Works (5 nos of pits, 3 nos at river bed and 1 1 CD/ day
no in each river bank)

Note: Pit excavation can be replaced by hand auger or core drilling of Sm depth.
Cost of hand auger or core drilling can be obtained from related work norms or
- (y‘) magket price. .
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Geophysical Exploration, if required:

Rates for Geophysical Exploration (ERT/SRT or any other pertinent tests) shall be
obtained from the Geophysical exploration norms mentioned in related chapter.

Sub soil exploration by Core drilling/bore holes (Rotatory Drill),
Rates of core drilling/ boreholes shall be obtained from the core d
mentioned in Norms of works.

Note: Rate of all pertinent test required from the samples obtained during core drilling
shall be taken from prevailing market rate or as norms prepared by other GON entity.

if required:
rilling norms

For Class 3 and Classless River Cross Drainage Works
a. Test Pit

1-  Human Resources required

Senior Geologist/Geotech Engineer 1

Geologist/ Sub Engincer 1

Labour 4.7*8=37.6

4.7 labours can dig 1 pit a day
of pit size 1.5m*1.5m*3m |

ii- Performance criteria:

L 2 pits at each CD works 4 CD/day j

Note: Pit excavation can be replaced by
Cost of hand auger or core drilling can
market price.

hand auger or core drilling of 3m depth.
be obtained from related work norms or

C. Hydrological survey

i- Human Resource required :

T Team Leader 0.1
Hydrologist 1

Sub Engineer 1
Labour 4

ii- Performance criteria

River type
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II  Class 2 river 2 CD/day

[T Class 3 river 4 CD/day

IV Classless River and Pond Irrigation Scheme 6 CD/day
1.1.3.1.5. COMMAND AREA - for Hills and Terai

A. Traverse Line Survey

i - Human Resource required:

Team Leader 0.1

Engineer/Surveyor ]

Sub-Engineer I
Labour 6

i1 - Performance criteria :

Command Days

Area (CA)

<=100 ha 2

<=500 ha 3
<=1000 ha S

>1000ha (5+(hectarage more than 1000 ha ) * (1/1000)

B. Topographical Survey (Ground survey technique)

i - Human Resource required:

Engineer/Surveyor 1

Sub-Engineer 1
Labour 6

i1 -Performance criteria :

Hills 20 ha/day
Terai 30 ha/day

e Topographical Survey using drone : Please refer Drone Survey
. Topographlcal Survey using Lidar Technique : Please refer Lidar Survey
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C. Bench mark Survey

1 - Human Resource required :

Team Leader 0.1
Engineer/Surveyor |
Sub-Engineer 1
Labour 6
ii - Performance criteria :
Location Distribution BM/day
Command Area (CA) 1 BM/ 50 ha 10

D. Agricultural Survey

1 - Human Resource required:

Agronomist 1
IT 1
Labour 1

1 - Performance criteria :

Command Area (CA) Days
<= 100 ha 2
100 to <= 1000 ha (2 + (hectarage more than 100 ha)*(1/300))
> 1000 ha (5 + (hectarage more than 1000 ha)*(1/500))

E. Agricultural Soil Survey
e Infiltration rate

Requirements: | test in each 50 ha command area.

Note:

i- For very large command area, agricultural survey and agricultural soil survey
can be conducted in representative selected sample area.

ii- The cost of infiltration test can be obtained from prevailing market rates and/or
approved rate by other GON entities.

F. Socio-Economical Survey (Household Survey)
i - Human Resqurce required:
S
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Team leader 0.10
Sociologist/Economist/Statistician 2
Assistant/ Social Mobilizer 7
11 - Performance criteria :
House Hold Day
<= 100 HH |

Note:

i- For every HH above 100 HH and up to S00HH, the estimate shall be increased
by a factor (HH/100) ~0.80.

ii- For every HH above 500HH, the estimate shall be increased by a factor of 0.75 x
(HH/100) ~0.80.

iii- For very large command area, socio economic survey can be conducted in
representative selected sample area.

1.1.3.1.6. Quarry site Survey

The construction material survey shall be conducted in order to establish quarry sites
and borrow area. For the project with Command area upto 500 ha, 2 to 3 samples from
quarry site likely to be used, shall be collected by excavating pit to identify borrow
areas and quarry sites for the construction materials. For the project with command area
more than 500 ha, following the pre-feasibility study, further investigations shall be
done collecting samples in 20 to SOm grid. Minimum size for test pit shall be
1.5mx1.5mx 2.0m. Inspection of quarry sites shall be carried out to obtain a qualitative
idea of material quantity and quality in relation to project size. Samples collected from
each quarry site shall be sent to laboratory to perform standard tests to confirm
materials suitability.

i- Human Resources required:

Team Leader 0.1
Geologist 1
Engineer 1
Labour 3xnos. of test pits in each quarry sites
3 labours can dig | pit a day of size 1.50m
X 1.50m x 2m

ii- Performance criteria:

‘ Excavating pit for material test ’ | quarry site/day J
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Notes:

i- The cost of required Material Sample tests shall be taken from prevailing norms
prepared by other GON entity and/ or market price.

i- Geophysical exploration of quarry site/s, if required:  Rates for Geophysical
Exploration (ERT/SRT or any other pertinent tests) shall be obtained from the
Geophysical exploration norms mentioned in related chapter.

iti- Pit excavation can be replaced by hand auger or core drilling of 5m depth. Cost

of hand auger or core drilling can be obtained from related work norms or market
price.

1.1.3.1.7.  Land Acquisition Survey (Personal land for compensation and ownership
transfer)

A. Cadastral Map Collection

i- Human Resources required:

Sub Engineer/ Amin 1

1i- Performance criteria:

All Projects (Hill/Terai) 2 day j

B. Field Survey: land delineation, marking, area measurement, record
maintaining etc

i- Human Resources required:

Surveyor 1
Sub Engineer/ Amin 1
Labour 4

1i- Performance criteria:

Headwork Site 0.5 ha/day
Canal Alignment \0.3 })é/day
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1.1.3.1.8. MISCELLANEOUS - for Hills and Terai

A. Transportation

Estimate for transportation facility shall be made based on means of transportation, numbers
of visit to the field, market rate of transportation means and days required for the field works
including to and fro to the field. In case of international expat number of visit from his/her
country to the site and return back shall also be considered.

NOTES: ANALYSIS AND TESTS TO BE PERFORMED

Based on the scale and complexity of the projects, site condition and nature of site materials,
not limited to the following tests may be required for RoR , Irrigation storage dam schemes
and multi-purpose projects (Headworks site, major structure locations, canal alignment,
borrow area, Quarry site etc) and costs for the same will be added in Study Estimate. The
Costs for these tests can be obtained from prevailing market rates and or other GoN entity’s
norms.

» Soil

Index Properties of Soil

Grain Size Analysis including Hydrometer,

- Moisture Content,

- Bulk and Dry Unit Weight,

- Specific Gravity,

- Liquid and Plastic Limit,

- depressiveness or soluble chemical content,

- Slake Durability Test,

- Fusion test,

- Mineralogical analysis of soil (particularly for landslide and
tunneling)

Engineering Properties of soil
- Direct shear test,
Triaxial test,

Ocdometer test,
Permeability test
CBR test for dams, embankments, and roads

> Rock

Index Properties of Rock
- Moisture Content, porosity, permeability
- Bulk and Dry Unit Weight, 0}}
- Specific Gravityx_ ‘ Z@
)
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- Petrography and thin section

Engineering Properties of Rock
- Point Load (6 Nos. in a set),
- UCS,
- Direct Shear Test
- Tensile Strength,
- Triaxial test,
- Permeability (in-situ for jointed rock mass and laboratory for
massive rocks),
- Abrasivity test (for tunneling),
- Plate load test (for rock mass strength in tunnel),
- Stress Test (over coring or as appropriate),
- Slake durability test,
- Youngs modulus of elasticity,
- Poisson Ratio,
- Punch Test (for TBM Tunneling)
- Water absorption test,
- Ifany infill materials (test of soils as and when required)

Construction Material Testing
- Sieve analysis
- Los Angles Test
- Sulphate Soundness Test
- Water Absorption Test
- Specitic Gravity Test

Fineness module

- Aggregate Crushing Value Test
- Aggregate Impact Value Test
- Bulk unit weight of aggregate
- Elongation Test
- Flakiness Test
- Alkali Reactivity
- Organic Content
- Permeability Test
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OFFICE WORK
1.1.3.1.9. DESK STUDY
A. Data collection, Compilation and Report presentation

1 - Human Resource required:

— Team Leader 0.25
Engineer 1

—_ GIS expert 0.50
Sub-Engineer 1

- Auto CAD expert 0.50
Office Assistant I

11 - Performance criteria:

Pond Irrigation Scheme I day

z Command area Small/Medium (RoR)irrigation Project 2 days
Large (RoR) Irrigation Project 5 days
A Mega (RoR) Irrigation Project 10 days

1.1.3.1.10. HEADWORK SITE
A. Contour, L-section and X-section

1 - Human Resource required:

= Team Leader 0.10
Engineer/Surveyor 1
- GIS expert 1
Sub-Engineer 1
Auto CAD Expert 1
E Office Assistant 1

11 - Performance criteria :

River type
I Class 1 River
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I Class 2 River 4
I11 Class 3 River 2
IV Classless River 1
B. Geology
i - Human Resources required :
Geologist 1
Assistant Geologists 0.5
GIS expert 0.5
Auto CAD expert 0.5
Office Assistant 1
it - Performance criteria :
Class | and Class 2 Rivers 5 days
Class 3 and Classless Rivers 3 days
C. Hydrology
i - Human Resource required :
Team Leader 0.10
Hydrologist 1
GIS expert 0.5
Assistant 1
Office Assistant 1
il - Performance criteria:
River type days
I Class 1 River 5
Il Class 2 River 4
[1I Class 3 River 3
IV Classless River 2
D. Design and Drawings
i - Human Resource required:
L Tgam leader | 0.25
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Hydraulic Design Engineer 1
Structural Engineer 0.50
Geotech Engineer 0.25
Hydrologist 0.25
Mechanical Engineer 0.50
Electrical Engineer 0.50
GIS expert 0.50

Sub-Engineer 1

Auto CAD expert 1

Office Assistant 1

i1 -Performance criteria:

River type days
I  Class 1 River 60
II  Class 2 River 30
[T Class 3 River 15
IV Classless River 7
Pond Irrigation 2

Note: For Pond Irrigation Scheme Structural, Geotech, Mechanical and
Electrical Engineers may not be required.

E. Estimate

i - Human Resource required :

Team Leader 0.10
Engineer/Quantity Surveyor 1
Sub-Engineer 2
Office Assistant 1

i1 - Performance criteria :

River type days
I  Class | River
[I Class 2 River
[ Class 3 River
IV Classless River

Pond Irrigation
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4 S




Study Norms, 2081
Department of Water Resources and Irrigation

1.1.3.1.11. Settling Basin
A. Layout

i - Human Resource required:

Team Leader 0.10
Water Resource Engineer 1
GIS expert 0.5
Sub-Engineer 1
Auto CAD expert 1
Office Assistant 1

11 Performance criteria:

All Projects 0.50 day
B. Contour, L-Sec & X-Sec Survey
1 -Human Resources required:
Surveyor 1
Sub-Engineer 1
GIS Expert 0.50
Auto CAD Expert 1
Office Assistant 1
ii_-Performance criteria:
All Projects | day
C. Geological Survey
i -Human Resources required:
Team Leader 0.10
Geologist 1
Sub-Engineer/Assistant Geologists 1
Assistant 1
Office Assistant 1
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1.1.3.1.12. CANAL ALIGNMENT WITH CANAL STRUCTURE
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All Projects

1 day

D. Design and Drawings of Settling Basin

i - Human Resource required:

Team leader

0.10

Hydraulic Design Engineer

GIS expert

Structural Engineer

0.50

Mechanical Engineer

0.50

0.50

Sub-Engineer

AutoCAD expert

Office Assistant

ii - Performance criteria :

Discharge

Q<3 mil/s

3Im3/s<Q <10 m3/s

Q>10m3/s

E. Estimate

i - Human Resource required:

Team leader

Engineer/Quantity Surveyor

0.10

Sub-Engineer

Office Assistant

il - Performance criteria :

_

All Projects

A. Layout

%
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i - Human Resource required:
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Team Leader 0.10
Water Resource Engineer 1
GIS expert 0.50
Sub-Engineer 1
Auto CAD expert 1
Office Assistant 1
ii - Performance criteria:
Command Area Days
<=500 ha 2
<= 10000 ha 3
<=25000 ha 4
>25000 ha (4 + (hectarage more than 25000
ha)*(1/15000))
B. Contour, L-section and X-section
i - Human Resource required:
Team leader 0.10
Civil Engineer/Surveyor 1
Sub-Engineer 1
Auto CAD expert 1
Office Assistant 1
i1 - Performance criteria :
Command Area Days
<=500 ha 2
<=10000 ha 3
<=25000 ha 4
>25000 ha (4 + (hectarage more than 25000
z ha)*(1/15000))
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1 - Human Resource required
P4 Uurbar, e
0.10

Team leader
Geologist
GIS expert 0.5
1

Office Assistant

i1 - Performance criteria
5 km/day

All projects

D. Design and Drawings of Canal Sections
0.10

1 - Human Resource required

Team leader
0.5

Hydraulic Design Engineer
1

GIS expert
Sub-Engineer
AutoCAD expert 1
Office Assistant 1

ii - Performance criteria
Days
3

Command Area
<=500 ha
7
10

<= 10000 ha
<=25000 ha
(10 + (hectarage more than 25000
ha)*(3/15000))

>25000 ha

E. Design and Drawings of Canal Structures

1 - Human Resource required

Team leader
Hydraulic Design Engineer /

S G
Structure Engineer \ \1\/
\/
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Mechanical Engineer 0.05
Geologist/Geotech Engineer 0.10
Sub-Engineer 1

AutoCAD expert

Office Assistant

il - Performance criteria:

Type

Km (canal length)/day

All types of canal structures along canal alignment
except cross drainage in small and medium

5

All types of canal structures along canal alignment
except cross drainage in Large and Mega

F. Estimate

i - Human Resource required:

Team leader

0.10

Engineer/Quantity Surveyor

Sub-Engineer

Office Assistant

ii - Performance criteria :

All projects

6 km/day

1.1.3.1.13. CROSS DRAINAGE WORKS

A. Contour, L-section and X-section

«/@/é

SN 74 Mﬁ

1 - Human Resource required :

Team leader

0.10

Engineer/Surveyor

GIS expert

Sub-Engineer

AutoCAD expert n

Office Assistant

(

ry

QO

iecr\eig



L o
0% . Water RE” o

[

S

©

: S

e
: 2

/%Pf;w o\\\ ">§§
7 Q,

gemmen® §

Study Norms, 2081

Department Jf'WHtEr Resources and Irrigation

Office Assistant

ii

- Performance criteria :

River type days
[ Class 1 river 2 CD/day
II Class 2 river 3 CD/day
III Class 3 river 4 CD/day
IV Classless River 6 CD/day
B. Geology
i - Human Resource required:
Team leader 0.10
Geologist 1
GIS expert 0.5
Auto CAD expert 1
Office Assistant 1
ii - Performance criteria :
All project 6 CD/day

C. Hydrology

i - Human Resource required :

Team leader 0.10
Hydrologist 1
GIS expert 0.5
Assistant 1
Office Assistant 1
ii - Performance criteria :
River type days
I  Class 1 river 2 CD/day
II  Class 2 river 3 CD/day
@/ [T Class 3 river 4 CD/day

53
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IV Classless River

6 CD/day 1

D. Design and Drawings

i - Human Resource required :

Team leader 0.10
Hydraulic Engineer 0.5
Structural Engineer 0.25

Geologist/Geotech Engineer 0.10
GIS expert 0.25
Sub-Engineer 0.5
Auto CAD expert 1
Office Assistant 1
ii - Performance criteria :
River type days
I Class 1 river 1 CD/ Sday
IT  Class 2 river 1 CD/ 4day
III Class 3 river 1 CD/ 2day
IV Classless River 1 CD/ day
E. Estimate
i - Human Resource required :
Team leader 0.1
Engineer/Quantity Surveyor 1
Sub-Engineer |
Office Assistant 1
ii - Performance criteria :
All Projects 2 CD/day 1

Sec
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1.1.3.1.14. COMMAND AREA - for Hills and Terai

g
W
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.

A. Traverse Line Survey

i - Human Resource required :

Team Leader

0.1

Engineer

GIS expert

0.5

Sub-Engineer

Auto CAD expert

Office Assistant

i - Performance criteria :

Command area (CA)

<= 200 ha

<=500 ha

<=1000 ha

> 1000 ha

(4 + (hectarage more than 1000
ha)*(1/500))

B. Topography (Ground Survey method)

i - Human Resource required :

Team Leader

0.1

Engineer

GIS expert

Sub-Engineer

AutoCAD expert

Office Assistant

11 - Performance criteria :

Hills

25 ha/day

Terai

e Topography using Drone : See Drone Survey

. Topography using Lidar Technique : See Lidar Survey
"M/ 4‘/ !
C\\
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C. Agriculture

i - Human Resource requ

Study Norms, 2081

Department of Water Resources and Irrigation

ired:

Team Leader

0.1

Agronomist

Assistant

Office Assistant

i1 - Performance criteria :

Command area (CA)

Days

<= 1000 ha

5

<=5000 ha

2

<=25000 ha

10

> 25000 ha

(10 + (hectarage more than 25000ha) *
(5/20000))

D. Socio-Economy

1 - Human Resource requ

ired :

Team leader

0.10

Sociologist

Economist/Statistician

Assistant/Social-Mobilizer

11 - Performance criteria :

Households

Days

<= 100 HH

1

For HH above 100 HH, the estimate shall increase by a factor
(HH/100)70.8

1.1.3.1.15. Material Quarry

i - Human Resource required :

Team leader

Geo}ogist
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Engineer

Office Assistant

ii - Performance criteria :

Quarry site

Days

1 quarry site

1.1.3.1.16. Land Acquisition Map Collection, Overlapping and Report Preparation:

i- Human Resources required:

Surveyor 1
Sub Engineer/ Amin 1
ii- Performance criteria:
Headwork Site 5 ha/day
Canal Alignment 3 ha/day
1.1.3.1.17. Construction Planning and Management
i - Human Resource required:
Team leader 0.10

Engineer/Construction Planner

Sub Engineer

Office Assistant

i1 - Performance criteria:

Small irrigation scheme

0}) Medium irrigation scheme
Large irrigation schemes

Mega Irrigation Schemes

A %«w%?

&
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1.1.3.1.18. Rate Analysis

i - Human Resource required:

Team leader 0.10
Engineer 1
Sub-Engineer 2
Office Assistant 1

il - Performance Criteria

Small irrigation scheme 5 days
Medium irrigation scheme 7 days
Large irrigation schemes 10 days
Mega Irrigation Schemes 15 days

1.1.3.1.19. Economical Analysis

i - Human Resource required :

Team leader 0.10
Economist 1
Assistant 1
Office Assistant 1

ii - Performance criteria:

Small irrigation scheme 5 days
Medium irrigation scheme 7 days
Large irrigation schemes 10 days
Mega Irrigation Schemes 15 days

1.1.3.1.20. Report Preparation

fy 1 - Human Resource required : /@lﬂ /

Team leader
W/é? Hydraulic Eng\inee/r
EN AV
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Surveyor 0.25
R Structural Engineer 0.25
Hydrologist 0.25
Geologist/Geotech Engineer 0.25
Agriculturist 0.20
- Sociologist 0.20
Economist 0.10
Legal Expert 0.10
1 Construction planner 0.05
Procurement Specialist 0.05
= Assistant 2
Office Assistant 1

11 - Performance criteria

_ Small Irrigation Schemes 10 days
Medium Irrigation Schemes 20 days

Large Irrigation Schemes 30 days

R Mega Irrigation Schemes 45 days

MISCLLEANEOUS:

1.1.3.1.21. Office Space, Office and Field equipment & Consumables;

Field Logistics, Field Equipment, Field 15 % of Total Cost of Human
Consumables, office space and furnishing, Resources (Office+ Field)
— office equipment such as Computer,
Scanner, Photocopy, Printer, Plotter, Toner,

Cartridge, Binder, Stationary, All
Consumables etc.

1.1.3.1.22. Transportation Cost:

Estimate for transportation facility shall be allocated based on means of transportation,
numbers key personnel entitled to use vehicles, market rate of transportation means and
days required to complete the works. In case of international gxpert number of visit from
= his/her country to the working station shall also be considered.
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Sample Terms of Reference for Feasibility Study of Irrigation Schemes
INTRODUCTION

Background to ToR

Department of Water Resources and lrrigation (DWRI) is a government organization, with a
mandate to plan, develop, maintain, operate, manage and monitor different modes of
environmentallysustainable and socially acceptable irrigation and drainage systems - from small to
larger scale surface systems and from individual to community groundwater schemes. Apart from
this, the DWRI also has to carry outriver training activities to protect the floodways, floodplains
and agricultural lands in the form of river bank protection such that the loss of properties caused by
flooding is reduced. Its ultimate aim is to provide year round irrigation facilities and increase the
irrigable area of the country to higher limits. This giving a primary input in increasing the
productivity of the land and providing a major input to the Gross Domestic Product (GDP) and
eventually improve thestandard of living of the beneficiary farmers. The Feasibility Study is the
basis for the project implementation and is carried out by a team of experts having engineering,
agriculture, environmental, and socio-economic professionals. This study normally forms the basis
of financing by external funding agencies or by the Government. The study assesses the technical
feasibility, friendly environment, economic viability and institutional suitability of the project
implementation.

A survey Norms was prepared and implemented in Oct 1988 to carryout ID, PF or DFS and same
was revised, updated and approved by the Ministry of Irrigation, Nepal on 1 July
2015.With the introduction of new technologies, methodology and extended scope of work, it 8
felt necessary to revise above mentioned Norms, so the proposed Norms needs to be approved and
implemented in order to facilitate different studies which will be carried out by department or
individual consultant or firms.

Objective of the Study

The overall objective of the study is to formulate technically sound, environmentally friendly,
socially acceptable and economically viable Irrigation System is to be designed for a design life of
more than 25-years and with low maintenance cost. The canal & related structures must harmonize
with the surroundings and present a pleasing appearance. The maximum possible use of locally
available materials & technology in the feasibility study/design will be appreciated.

Scope of Works

The detail survey team (here onwards “the team™) will perform detailed technical, social and

economic analysis (techno-socio- economical) along with related works herein to attain the desired

objectives. The team will be responsible for accuracy, interpretation, analysis of all data received

and for the conclusion and recommendations in their report. The mentioned scope of work to be

carried by the team will broadly include but not limited to the following;
a) Desk study

A desk study will be carried out collecting all the data, maps and information relevant to the
project and review of Identification/Pre-feasibility Report for planning of further field survey and

investigation works as well as detailed design; this study needs to see generally two aspe {ts.
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> List of outstanding matters to be studied, and

> Any possible scheme alternatives

There may be several outstanding issues not touched during previous studies, which will be

addressed during feasibility study (FS). The scheme alternatives need to be reviewed in the FS,
which may include the following:

For New Schemes

1) Possibility of alternative water sources from different river, supply, groundwater or
supplementary rivers, conjunctive use etc.

ii) Alternative intake site, canal alignment etc.

For Rehabilitation Schemes

1) Possibility of command area extension
1) Combining several schemes

1ii) Revised intake site/canal alignment

b) Field Survey, Data Collection and Preparation of Maps

The field survey work may differ slightly based on the type of the scheme whether it is new or
rehabilitation. In general, the following main activities to be carried out for data collection,
planning and designing of headworks/intakes, canal networks and detailed feasibility study:

1) System Planning

i) Benchmark Survey

ii1) Intake/Head Work site survey
v) Discharge measurement

V) Canal alignment survey

vi) Settling basin survey

vii)  Command area survey

i) System Planning

Digital topographical maps (1:25,000 scales) of the area from Survey Department shall be acquired
and layout plan of irrigation and drainage network shall be prepared. An interactive procedure
shall be followed in the irrigation system planning. The planning shall be overlaid on recent
Google Earth maps or other satellite images and refined considering recently added infrastructure
and development in the area. Once the tentative plans are verified in the field during rapid
appraisal, more detailed planning for the irrigation and drainage system shall be started. The major
activities that shall be carried out during the irrigation canal system planning are;

A 2 N\
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Location of Headworks/Intakes;

Location of settling basin, if any;

» Delineation of proposed gross command area and net command area to be covered by
the study, existing and potential surface irrigation schemes, standalone groundwater
irrigation schemes and conjunctive use of water;

» Identification and marking of the natural features including existing drainage, high
ground, roads, villages, forests and public places;

» Identification and marking the alignment for canals and corresponding drains;

Identification and locating the appropriate locations of off-take points.

v

ii) Benchmark Survey

Reference bench mark and its value shall be obtained from Department of
Survey/Project. Specified bench marks shall be established in the vicinity of
Headworks/Intakes, settling basin location, command area at the spacing of one BM per
50 ha and at 1 km in Terai and at 0.50 km interval along canals. D-card shall be
prepared and attached with the field report. All benchmarks will be located in sites that
should remain stable and undisturbed throughout project construction activities and will
be constructed as per specifications.

Bench mark levelling shall be conducted precisely using appropriate tools. Each
survey section shall be levelled in two directions and the difference in levels shall not
exceed 7 Yk mm where k is the distance between benchmarks in kilometers.

iii) Intake/Head work Site Survey
% The location of Headworks/Intakes located during system planning and rapid appraisal

shall be verified and finalized in the field using appropriate survey tool.

» Site plan for an Intake/Head works to be investigated situated on the River Bankwill be
prepared (Covering total width of the river & at least 100 m both side from the firm
bank (depending upon the site condition) or 5 meters above highflood level wherever
possible or depending upon the site conditions).

» The profile and cross-section will be taken 1 km u/s and 1 km d/s of intake location

(with at least an interval of 100 m, depending upon layout & topography, interval can be
shorter). All the cross section and profile of the river must showthe river bed level, high

flood level mark and bank top levels.

» River morphology and Sedimentation study will be carried out during field survey.

» All mapping work will be performed using appropriate instrumentation and procedures
for establishing control, field data acquisition, and compilation in accordance with the
functional accuracy requirements to include all qu lity fontrol associated with these

functions.
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v

A surface model for the entire survey area (head work, canal alignment & command
area) will be developed using CAD compatible Digital TerrainModeling software, or
its equivalent.

The digital terrain model will be developed from cross sections, spot elevations, and
break lines (when applicable). Break lines will include ridges, drainage, road edges,
surface water boundaries, top of bank and other linear features implying a change in
slope.

The surface model will be prepared of adequate density and quality to produce 0.25 m,
0.50 m or 1.00 m contour interval (as per requirement).

The contour data will be incorporated as a reference file into the final data set. The
contours should be developed in the DTM. The contours should be providedin one or
more master database DGN files attached as a reference file to all sheetfiles utilizing the
clip bounds methods. Each contour will be drawn sharp and clear as a continuous solid
line. Every index contour will be accentuated as a heavier line than the intermediate
and will be annotated according to its actual elevation above datum. Labeling or
numbering of contours should be inserted in breaks along the contour lines, so that the
elevation is readily discernible. Labeling of intermediate contours may be required in
areas of low relief.

Topographic and Planimetric feature detail maps will be compiled at a target scale of
1:1000 for the head works delineated on exhibits.

Planimetric feature detail will be compiled in accordance with the horizontal accuracy.

Contours will be developed at 0.25 m intervals for Terai and 0.5 m or 1.0 m intervals
(for terrain slope < 10°, contour interval 0.50 m and for terrain slope >10°, contour
interval 1.0 m) for hill.

iv) Discharge Measurement

The discharge measurement will be done at the headwork/intake location, using
appropriate methods.

v) Canal Alignment Survey

General activities and extent of survey works during the canal alignment survey shall
be as follows:

Initially, a baseline shall be established for L-section survey along the refined canal
alignment by marking on the ground the turning points and other reference points
using wooden pegs or concrete pillars as appropriate. Then the longitudinal survey at
an interval of 50 m along the proposed canal alignment shall be done using level
instrument and tape.

X-Section survey along the proposed canal alignment with reference to the baseline
and the BMs shall be carried out using level instrument and tapes. The X-sections
shall be taken at an interval of not exceeding 100 m in Terai and at an interval of 50m
in Hill along the alignment or at closer intervals in case of sharp changes in the
topography. In case of steep area, the X-sections shall be taken suitably by other
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methods. The width of each of the X-Sections shall cover an area at least 100 m'to the
left and 100 m to the right in case of Main Canal and at least 50 m to the left and 50 m
to the right in case of other canals of the proposed canal alignment in Terai and cover
suitable width in both left and right direction as permitted by terrain slope in case of
hill. Each of the X-sectional readings shall bear latitude and longitude values along
with elevation, which shall be compatible to the available topographic maps.

» Off-take points from the canal under consideration shall be located. For this, walk
through along with the project representatives and beneficiary farmers, shall be made
along the canal alignment to identify and finalize the off-take points. Process shall be
repeated for all the canals under consideration. The finalized off-take points shall then
be marked and superimposed on the topographic maps.

» In the course of the walkthrough important structures of the systems shall be located
and marked.

» Similarly, topographical survey shall be carried out, marking the location of all the
cross-drainage and road crossing points along the proposed canal alignments. The
topographical survey shall cover an area up to 500 m upstream and up to 500 m
downstream of the alignment for major cross drainage structures, i.e. cross drainage
having width more than 50 m. Similarly, the topographical survey shall cover an area
up to 100 m upstream and up to 100 m downstream of the alignment for other cross
drainage structures, i.e. span less than 50 m. Each of the topographical points shall
bear latitude, longitude and elevation values compatible to the topographic maps of
Department of Survey. The topographic points shall be close enough to depict the
geographical features and contours on a map of scale of 1:250.

» The L-section and X-section survey of the existing major natural drains in the area that
could be used as the part of proposed drainage network shall be conducted. The extent
and methodology of survey shall be in line with the Main Canal survey mentioned
above.

» The inventory of structures, mainly structures for road crossings with canals and
drains, shall be carried out. Photographic as well as detailed measurements with
adequate sketches shall be made so that further work on the structures, as
rehabilitation or replacement, could be carried out independently at the design office.
The topographic survey of the proposed sites for cross drainage structures shall be
carried out, which shall be utilized for design and layout of structures.

> All the private and public buildings that lie within the strip 100 m to the left and 100 m
to the right of the proposed alignment shall be marked on the topographic maps.

» Data pertaining to the existing canal systems, such as name and type of source, canal
capacity, area being commanded in summer and winter, crops and status of canal
system, etc., in a suitable format using means such as field enquiry or field
measurement as appropriate, shall also be collected during the field survey.

> All the longitudinal and cross sections shall be prepared using automated software, so
that design parameters could be easily superimposedinto these profiles. Moreover, any
revision and alteration could be easily incorporated ifpto/ CAD drawings.

éjettlmg basin survey
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Same procedure mentioned above for cross drainage works shall be followed.

vii) Command area survey
Closed Traverse Survey of the command area indicating Gross Command Area,
Culturable Command Area and Net Command Area including minor canals network

and other important physical features will be carried out.

Feature and terrain data should be delivered in both hard copy and digital

format.

PO -

The detailed survey will be completed in four parts;
Benchmark Survey (Closed loop traverse)
Topographic Survey

Command Area Survey (Closed loop traverse)
Profile and Cross-Section Survey

Bench Mark Survey

In the first step of the survey, Surveyor needs to start vertical & horizontal control
point survey by closed traverse. All of the calculations for error adjustments and
distribution of errors will be carried out properly; once the benchmark is finalized, the
Surveyor should proceed with the second step. The benchmarks will be established in
every 50 ha and at permanent structures or as per requirement. All benchmarks will be
located in sites that should remain stable and undisturbed throughout project
construction activities and will be constructed as per specifications.

Topographic Survey

Once control points (benchmarks) are fixed, the Surveyor will start topographic
surveys that will also cover fixing of alignment (for new canal/embankments). The
topographic map will be prepared in soft and hard copies. All of the readings (co-
ordinate readings) will be submitted in Excel Spreadsheet form or as per requirement.
Interpolation for contours should comply with the actual site conditions and accurately
reflect changes in slopes and ground configuration. Topographic surveys in structure
locations should be detailed and complete, to accurately reflect conditions and
elevations related to design requirements.

Command Area Survey

A closed loop traverse survey will be carried out to find the Gross Irrigable Command
Area and Net Cultural Command Area. In the command area map all minor
(secondary/sub secondary) canals and other important physical features should be
shown.

Profile and Cross Section Survey

Along the finalized alignment, the profile and cross-section survey will be carried out
independently to the topographic survey at an interval but not limited to 50 m.
Whenever alignment crosses special features (Structures, Depressions or other
geographical features etc.), the closer cross-sections of that portion(i.e. u/s and d/s of

stgcture) must be taken. The plotted profile and cross section will be prepared in soft
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and hard copies along with data in excel spread sheets.

Detail cross section and profile for the cross drainage work will be carried out
independently clearly indicating drain/river bed level and high flood level as
mentioned above. Similarly, detail cross section and profile for the settling basin
location/s will be carried out independently.

Field Data
All field survey data will be gathered by use of electronic field book.

1. Using a total station/appropriate tool and an electronic data collector with
Electronic Field Book Software, locate all topography, infrastructure, and natural
features to fifteen (15) meters outside the existing main canal and secondary
canal rights of way or fifteen (15) meters outside the existing main canal and
secondary canalembankment break lines, if applicable.

2., Using a total station/appropriate tool and electronic data collector with Electronic
Field Book software, collect sufficient data to generate Digital Terrain Models
(DTM) at the proposed intake/head works site to be investigated. The DTM
shouldencompass the swath of topography measuring approximately 500 meters
in length running along the bank of the River to an elevation approximately 5
meters above flood level. The topography coverage should facilitate the spatial
requirements for the future design of canal head works and desiltingfacilities.

3. Locate all above ground evidence of underground water conveyance facilities.

4. Locate and obtain invert elevations on all pipelines, side drains, cross drains,
etc.) Within the prescribed limits of the project. NOTE: In all cases when an
appurtenant facility falls outside these limits but is needed to determine grade
and location of a hydraulic feature, pipeline or culvert within these limits, it
should be located and inverts obtained.

Horizontal Control

Horizontal control should refer existing project area control. Control points will be
occupied as a station within a closed traverse, 1:10,000 accuracy mapping standards.
The traverse will initiate and close upon acceptable control monument used to establish
the existing project grid system. All grid coordinates shown on the map products will be
expressed in or converted to meters. Coordinates should be referenced to the local UTM

zone.

Vertical Control
Vertical Control will be referenced to a datum. Controlling points will be established

within a closed level loop, 1:5000 for vertical control accuracy, as established for
mapping standard. Elevations will originate and close on acceptable benchmarks to be
established in the project area.

Existing Project Network Control

a. The Surveyor will perform the necessary syrvgys to connect existing project
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control to assure that such control has sufficient relative accuracy to adequately
control the overall project. The Surveyor will furnish appropriate data indicating
a deficiency in network control.

b. Suitable control monument will be set as required to adequately control during
constructionphases. All Monumentation will be constructed as per requirements
and should be in locations that will remain stable and unchanged throughout the
construction period.

¢ At each station, angle and distance measurements will be made between a
network stationand reference and azimuth marks established in accordance with
the requirements. All observations will be recorded in a standard bound field
book or comparable electronic notebook.

Map Compilation Scale
The surveyor will produce strip maps and profiles at a scale of 1:1000 plotted on A3 —
size sheets.

Topographic and Planimetric Features

The maps will contain all topographic and Planimetric features encountered within the
project limits. The maps will properly depict the existing site conditions as necessary for
the proper use of their intended purpose. The final mapping product generated by the
surveyor will comply with and contain but not be limited to the following:

a.  Terrain features/contour development. The contour interval will be 0.5 m or 1.0
m (for terrain slope < 10°, contour interval 0.50 m and for terrain slope > 10,
contourinterval 1.0 m) for hill and 0.25 m for Terai. Contours will be legible
and drawn sharp and clear as solid lines. Every second contour will be
accentuated as a heavierline than the intermediate contour. Half-interval or 0.25
m supplemental contours will be added as designated. Labeling or numbering
of contours will be placed so the elevations are readily discernible. Labeling of
intermediate contours may be required in areas of low relief.

(1) Turning points that define drainage channels, ditches, etc., will be
consistent in depicting correct alignment and direction of drainage.

(2) Spot elevations will be established and shown on the maps at water
surfaces on shorelines of rivers, lakes, reservoirs, ponds, canals and
like high and low points at hilltops and depressions; at intersections
and along center lines of linear elements and, where applicable, on
canal embankments; at top and bottom of vertical walls and other
structures and at center lines of ends of bridges. Ground spot
elevations should sufficiently supplement contoured elevations. Spot
elevations shown on the map sheets will be accurate to 1.0m or 0.5
m/0.25 m designated contour interval.

3) Digital Elevation Models (DEM)should be generated by grid or trace
methods on a network of random pointssupplgmented with break-line
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points to properly establish the terrain model. Contours will be
generated using standard DTM/CAD application software.

Planimetric feature data detailing. The strip maps should contain all Planimetric
features encountered within the project limits and compatible with the
objectives of conceptual planning through final design and construction.
Features should include all infrastructure, but not be limited to hydraulic
structures, buildings, walls, roads, pipelines; surface and subsurface utility and
irrigation facility systems including all appurtenances, such as water supply
pipelines, overhead power lines, storm drainage features, and structures,
bridges, culverts, ramps, waste ways, channel systems; forest areas, landscapes
and individual trees that are recognized as such; water supply access areas;
cemeteries; etc. Features should be sketched in detail and shown on the map
sheet(s) properly indexed in relation to location.

(1 Surface utility data: Locate and identify all hydraulic structures,
irrigation turn-outs, culverts (pipes or box drains — dimensions, end
points crowns and inverts), water systems including valves and flow
measuring devices, catch basin inlets and outlets, manholes,
meter/valve boxes, overhead powerpole location and type, low wire
heights, overhead towers, and transformers. Obtain photographs
and/or sketches as designated.

(2) Roads and cart tracks: Obtain names, descriptions, classifications;
center- line profiles or sections as designated; route classification;
pavement widthand type and condition of surface. Where applicable,
show curb and gutter and joint layout for concrete pavement.

3) Bridges and culverts: Obtain dimensions and structural type and
condition; measure deck, flow line, and clearance elevations;
horizontal clearances between abutments and piers, if any; and width
of piers. Include detailed plan and elevation sketches, obtain
photographs upstream and downstream.

Final Site Plan Map and/or Digital Data Contents.
The Surveyor should incorporate the following criteria into the final site plan maps and
Digital data contents:

a.

Coordinate grid. The grid system will be established on the Universal
Transverse Mercator (UTM). Grid ticks will be placed on the map sheets at
125 mm intervals with coordinate values properly annotated and shown at
the top and right edge of each map sheet.

All horizontal and vertical controls will be plotted on the maps to accuracy
relative to their true position. Primary control set to control construction
phasesshall be labeled as such.

Multiple map sheets should contain an ipdex of the sheet layout oriented
north on each sheet. Clear dashed lines/matth grid will be provided and
properly labeled such that each sheet ma joined accurately to adjacent
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sheets.
Symbols used on the map sheets will be in accordance with CAD standards.

The title block, sheet index, and legend should be placed on the map sheets
to thedesignated size and arrangement per CAD standards

All design files with supporting data will be furnished on transferable
media.The format specified will be dependent on the operating system of the
designworkstation [dxf] [dgn] other.

Master DGN Files

)

2)

3)

4)

5)

6)

7)

The survey data (DTM data points) points will be provided in one or more
master DGN file, attached as a reference file to all sheet files utilizing the
clip bounds methods.

The contours will be provided in one or more master DGN files, attached as
a reference file to all sheet files utilizing the clip bounds methods.

The control and baselines will be provided in one or more master DGN file,
attachedas a reference file to all sheet files utilizing the clip bounds methods.

The Planimetric detail, canal prescribed limits, and alignments will be
providedin master DGN files, attached as a reference file to all sheet files
utilizing the clip bounds methods.

The break lines will be provided in master DGN files, attached as a reference
file toall sheet files utilizing the clip bounds methods.

The cadastral data will be depicted in one or more master DGN files,
attached as areference file to all sheet files utilizing the clip bounds methods.
Label bearings anddistances on Section lines.

The Survey Data and Deliverables finished products will be delivered in
CAD (*.dgn) and *.dtm format, or equivalent.

1.1.3.1.23. OTHER ACTIVITIES ON THE FIELD

Geological Study & Geomorphologic study (Optional)

In this study the following points related to river, its catchment area and all the
considered head work/canal alignment/command area will be studied in detail.

i)

ii)
iii)
iv)

v)

Topography

Nature and structure of the surface soil

Nature and structure of local as well as regional geology
Possibility of change of catchment

Nature, size and quantities of debris carried by the river
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vi) Intensity, duration and distribution of rain in the catchment
vii)  Vegetation, cultivation etc. of the catchment
viil)  Existence of reservoirs, lakes etc in the catchment

iX) Existing and/or existed head work/intake/canal alignment or other hydraulic
structures across the river/drainage in the vicinity of the proposed head work G
site with their details as much as possible. If the proposed head work/canal
is suggested to build in lieu of the existing/damaged structure, the salvage
value of the same must be worked out and provided in the report |

X) Other information as per need

Seismological Study (Optional)

Nepal being a seismic prone zone, a seismic consideration needs to be taken into

account while designing a major hydraulic structure. To work out the seismic coefficient

— the design standard and criteria RRRSDP (recently proposed by BS) or IRC: 6-2017 -

(Reprint 2019) may be followed.

Subsurface Exploration (Optional) -
After the selection of proposed headwork/major structure site with alternatives and
preparation of topo sheets, the surveyor along with the hydrological data and the
following points will consider to carry out the soil exploration. -,

e Design discharge

e Scour depth, maximum scour depth

o Waterway

e Anticipated soil condition for foundation
e The most feasible proposed site

e River training and access roads

e Type of proposed foundation, sub-structures and superstructure

The soil investigation will be carried out including relevant required tests etc. as o
mentioned hereunder

A. Bore holes/Core drilling
> No. of bore holes (depending upon the river) each to a depth as explained in h
preferably at a possible location of abutments and piers with conduction of
Standard Penetration Test (SPT).
> No. auger holes in the river to a required depth for determination of mean
particle size of riverbed materials in each layer.

J » The depth of soil exploration from existing ground level must not exceed as

mentioned below (unless otherwise necessitatdd by the type of structure): —
e In the silty sand and other sand strata — 4 tirheg of the designed scour depth
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¢ Instrata of gravel and boulders — 2.5 times of designed scour depth
e In soft rock — a maximum of 8m, and
¢ In hard rock — a maximum of 3 m

- » Depth of soil exploration carried out must be certified by the concerned
authority for each bore hole and should be submitted in plastic bags duly labeled
for further testing.

. »  Determination of bearing capacity including other engineering properties of
each layer of soil with respect to assumed factor of safety and proposed type of
foundation

» Recommendation of type of headwork/structure, and its foundation, depth of
foundation

> Other necessary soil survey as found essential for design and construction of the
headwork/structure and canals.

B. Geophysical exploration
» As and when required in headworks with command area more than 500 ha and
— in very large cross drainage works.

Hydro- meteorological Study
- Hydro-meteorological survey is one of the important tasks for assessing crop water
requirements of various crops to be proposed in the project area and the design flood
discharge of the headworks/drain crossings. Under this task, relevant hydro-
meteorological data of the rivers/drains will be collected, if they are gauged, from
secondary sources (published and unpublished data of DHM). The long-term data of
these rivers shall be collected and the low flow as well as flood discharge will be
analyzed. The hydrological analysis of these river systems shall be carried out with the
help of frequency analysis in case the long-term data are available. In case of absence
of long-term data, other methods such as regional, rational, or empirical methods shall
be adopted to analyze the hydrological information. Climate change risks shall be
— assessed, adaptation measures to climate proof infrastructures shall be suggested and

climate risk assessment report shall be prepared.

Beside collection of hydro & meteorological data from DHM, for determination of all
design data the hydrologist will carry out a detailed hydrometrical survey and
hydrological study of the river along with the headwork/intake and cross drainage site
which will include but not limited to the following:

i) Catchment area of the river up to head work/intake and cross drainage site

. ii) Length of the river from origin up to head work/intake and cross drainage site

iii) Slope of the river from the critical point (origin) of the river up to head work/
intake site and cross drainage site

iv) Cross-sections covering 100 m beyond flood lines/firm bank (depending on
sitecondition) of the river at proposed head work/intake site, at about 1000 m
: up- stream and 1000 m down-stream wherein High Flood Level (HFL), Low
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WaterLevel (based on local enquiry, LWL), Lowest Bed Level (LBL), arca of
cross-section, and geological profile with silt factor of each strata (at proposed
head work/intake site only) shall be indicated. However, the scale of the
drawing forhorizontal and vertical should be the same.

v) The drawing should include the slope of the river at the proposed head
work/ intake axis which should be extended 1000 m U/S and 1000 m D/S

along the thalweg (lowest level) of the river

vi) Maximum discharge shall be calculated by established formulas with 50
yr/100 yr return periods

vii) 80% reliable flow of the source river at headworks/intake site shall be
calculated.

viii) The peak discharges calculated for a returned of 50/100-years shall be taken
as a maximum discharge

ix) Area of flow, velocity and depth of the flow at the time of survey (for
Discharge Calculation) and sediment concentration for design of silt
excluding devices, settling basin etc.

x) Study of horizontal & vertical shifting of the river

xi) Other information required for river control, design, construction and/or
maintenance of the head work/intake and cross drainage

After the selection of proposed head work/intake site with alternatives and preparation
of topo sheets, the surveyor must evaluate along with the collected hydrological data
and the following points to carry out the soil exploration and design of the head

work/intake:

Design discharge

80 % reliable flow

Sediment concentration

Scour depth, maximum scour depth

Waterway

Anticipated soil condition for foundation

The most feasible proposed site

River training and approach roads

e  Type of proposed foundation, sub-structures and superstructure

Soil Test (Optional)
Soil exploration will be carried out (for command area sample from a 90 cm depth will

be collected whereas for head work depending on site requirements). Soil sample will
be collected from head work site, cross drainage site, canal alignment and different
location of command area (head, middle & tail) as follows;

» For Headwork with command area upto 500 ha: 3 nos of excavation pit at river
bed of size 1.50m x 1.50m x Sm
» For Headwork with command area more than| 500 ha: 3 nos of excavation pit at
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river bed and 1 no in each bank of size 1.50m x 1.50m x 5Sm

> For canal alignment: excavation pit of size 1.50m x 1.50m x 2m in every | km
length of main canal

> For very large Cross drainage: 3 nos of excavation pit at river bed and 1 no in
cach bank of size 1.50m x 1.50m x 5m

>  For other Cross drainage: 2 nos of excavation pit at river bed of size 1.50m x
1.50m x 2m

Generally Following Tests will be carried out

Head Work/Intake Site and cross drainage site
a) Natural moisture content
b) Sieve analysis
¢) Hydrometric analysis
d) Atteberg’s limit
e) Specific gravity
) Unconfined compression test
g) Direct shear test
h) Consolidation test
i) Tri-axial tests

J) Other tests as per need

Canal alignment
a) Infiltration Test

b) Dispersion Test

Command Area
¢) Infiltration Test

d) Percolation Test

Environmental Study:

Initial Environmental Examination/Environmental Impact Assessment as per TOR
prepared (TOR for IEE/EIA will be prepared separately), Environment Management
Plan (EMP) based on Environment Safeguard Guideline (ESG) will be prepared. If
environmental study is not included in the contract even then consultant shall take into
account following environmental aspect:

The most suitable site for the headwork/canal alignment based on the above
characteristics of the site as well as the catchment area will be selected. The selected site
will be clearly indicated in the map and all the characteristic features of the chosen head
work  site/ canal alignment will be given, in order to facilitate easy reference while
designing the head work/canal. The environmental study will be carried out i.c.
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identifying the environmental changes due to the proposed structures and the outcomes
of the study need to be presented clearly in the form of recommendations and
subsequently be considered in detail design. DWRI Environmental Safeguard Guideline

is to be followed.
Vulnerable area of landslide/soil erosion will be evaluated & mitigation measures will

also be proposed.

Socio-Economic Study

The socio-economic survey will be carried out to determine the social structure of the
community and its economic status. The survey includes the collection of quantitative
and qualitative data and information on social structure, socio-cultural institutions, and
economic activities of the farmers of the scheme command area. Some of social and
economic indicators of the community are as follows:

Social indicators:

¢ Willingness/commitment- verbal request, formation of committee, submission of
request form;

e Social composition- homogeneity, diversity;

e Education- literacy, school and college, awareness about irrigated agriculture,prior
experience on irrigation;

e Rural organization- Parma, Guthi, etc;

e Family size- male/female, economically active members,

e Migration- temporary, permanent, foreign/urban areas;

e Economic indicators:

o Land holding size- land less, marginal land holding (for Terai < 1 ha & for hills <
5 ropani), land lords (for Terai> 10 ha & for hills > 2 ha);

e Main occupation- agriculture, service, labor, foreign service, business;
e Source of income- agriculture, service, remittance etc;
e Standard Formats will be used

e Expenditure- food, cloth, schooling, festivals, livestock, agriculture

Social Safeguard (SS) Studies & Gender Equality and Social Inclusion (GESI) studies
will be carried out complying Social Safeguard & GESI guidelines prepared for
Department of Irrigation.

With reference to above guidelines, Indigenous People (IP) inventory &
Involuntary/Voluntary Resettlement (IR) plan, and Gender Action Plan (GAP) will be
prepared.

An assessment of activities of WUA will be made, if exists; if a WUA doesn’t exist,
what is the possibility of creating a viable WUA?

With interaction with beneficiary farmers/Municipalities records, the number of
beneficiary households/population, woman headed HH/population d presence of
mafginalized farmers, disadvantage group, landless population, land holding size, land
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use will be evaluated.

With interaction with beneficiary farmers/ Municipalities, the average income of the
project area & other economic parameters will be assessed, including seasonal
migration/permanent migration, education level & other source of income than

agriculture, percentage of population involve in agriculture, gross income from
agriculture & other business.

Agriculture Survey

For Irrigation schemes agricultural survey will include data and information regarding
the soil type, land use and agriculture practices of the command area to be proposed.
The soil survey will include the assessment of the type of soil in the command arca and
its suitability for irrigated agriculture. The soils may be alluvial, sandy, gravel and
boulder mixed.

The land use survey will include the general assessment on land use in the command

area which may classify in percent the agricultural land, forest land, grazing land,
wetlands, National Parks and reserve forest area,

The agriculture survey includes the collection of data and information on:
e Existing cropping pattern,
e Existing crop yields,
* Inputs used and its availability,
e Marketing facility and labor situation
e Food Security

» Existing & Anticipated Irrigation/Water Management Practices
* Accessibility

Existing cropping pattern

An assessment of existing cropping calendar/pattern interacting with beneficiary
farmers/ nearby Agriculture Service Center & other related offices will be made, Based
on above interaction, assessment will also be made for anticipated cropping

calendar/pattern & possibility of commercial agriculture (introduction or extension of
cash crops)

Existing crop yields

An assessment of existing crop yield interacting with beneficiary farmers/nearby
Agriculture Service Center & other related offices will be made.

Inputs used and its availability

An assessment of agriculture input interacting with beneficiary farmers/nearby
Agriculture Service Center & other related offices will be made.

Marketing facility and labor situation

An assessment of market facilities for selling of agriculture products, buying of seeds,
fertilizer etc., in case of implementation of the project availability of construction
materials will be made.

. =
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Food Security
Assessment of the Food Security Situation of the project area will be made with

preparing list of food unsecured areas/ Municipalities with Higher Index & it will be
clearly mentioned whether the project area has excess food to supply or shortage to
import (if yes ! for how many months)

Existing & Anticipated Irrigation/Water Management Practices

With existing users’ group or beneficiary farmers’ interaction, existing Irrigation/Water
Management Practices will be carried out, if any.

With the proposed intervention and assessment of anticipated cropping pattern will
evaluate possible Water Management Plan.

Construction Material Survey

Borrow Pits:
Borrow pits may be situated on both sides of the embankment depending on the

availability of the soil. It shall be located in places approved by the client, but shall not
be within ten (10) metres from the toe of a completed embankment or other works.
Possibility of utilizing the borrow pits in future as fish ponds by the owners of the land
shall be explored. In case the owners wish to use borrow pits as fish ponds, the depth of
the pits may be up to 3 m. In such cases, the borrow pits shall not be continuous over
lengths of more than 100 m. A strip of no less than 30 m at the level of the original
ground shall be left between the pits. In other cases, borrow area shall be arranged in
such a manner that the ground elevation of so arranged borrow areas will be more or
less the same as the neighboring arca, so that rain water will not stagnate in the borrow
areas. The required type of tests of borrow material shall be carried out as per standard

set by the project.

Other construction materials:

Source of other natural construction materials, such as course and fine aggregates, sand,
stone etc shall be explored in the vicinity of construction sites as far as possible. The
required of tests of these materials shall be carried as per standard set by the project.

Accessibility
Distance of the project area from the nearest road head, cost of construction material at

site, district rates for labor, materials & equipment shall be assessed.

Canal alignment, strip covered by cross-section survey/topygraphic survey, details
around the proposed structures using appropriate software shall be plotted. Each of this
information shall be plotted in suitable layers to be overlaid on the topographical maps.

Preparation of Maps %g

e Prepare strip contour maps of suitable contour interval of the strip covered by
cross-section survey/topographic survey using appropriate software and make a
separate layer of the same.

contour layer using appropriate software and plot them in a sgale of 1:5000 (H)

& ¥ W\ T o @

w/ e Prepare L-Section along the alignment using the canal alignpent layer and strip
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and 1:100 (V) using AutoCAD. Plot on the L-section features such as design
bed level, water level, bed width, freeboard, longitudinal slopes, side slopes etc
as per existing condition. Prepare Cross-sections of all the canals based on the
survey data and plot them using AutoCAD. Show in the cross-section the
designed section of the canal, bed level, water level and top level of the canal
embankment suitably.

* Prepare detailed designed drawings of all the individual structures proposed to
be constructed new ones and replacement or rehabilitation of existing, if any,

DATA ANALYSIS, EVALUATION AND DESIGN
The detailed data obtained from field survey and investigation shall be analyze and
evaluated with respect to:

Available discharge in the source river for round the year irrigation.

Type of headworks/intake

Safety of headworks/intake with respect to surface flow, sub surface flow and
tloatation

Command area and FSL in the main canal

X-section, L-profile, berm width, side slope, bank top-width, service road and
corresponding existing data

Safety of canal section with respect to design discharge carrying capacity, surface
drainage system, public encroachment and use, and life span of structures etc.

River bed level at, upstream and downstream of all individual cross-drain
structures,

Location of individual or combination of structures and their type (HR, CR, Drops,
Escapes, VRBs, H-W Bridges etc)

Location and capacity of settling basin and flushing arrangements

Existing cropping pattern and cropping intensity

Incorporation of other existing/pipe lined/potential surface/ground water irrigation
systems in the planning and designing of this study

Conjunctive use of ground and surface water.

The above-mentioned analysis and evaluation will be followed by the following
detailed design:

N
Wy

TN
SEANN,

On the basis of proposed cropping pattern and calculated field crop water
requirement, the design capacity of different canals shall be calculated for different
reaches including intakes, main canals and their structures, flow diagrams will have
to prepared for the whole command area and L-section and x-section shall have to
be designed accordingly.

Design of settling basin shall be based on the size and concentration of sediments to
be settled, available volume for settling basin, available head to flush sediment
deposited for hydraulic flushing, silt/sand excluding mechanism (hydraulic,
mechanical), arrangement of and type of settling basin {(continuous or
intermittent).

Design of head works and settling basin shall be validated using additional river
discharge and sediment data collected during contract period, if any.
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e All the canal structures shall be designed and drawn individually by making use of
Auto CAD software.

e Design discharge of headworks and all cross-drains shall be estimated separately
and the structures will be designed for the designated returned period flood for the
headworks and CD structures

e Quantity calculation shall be done for individual structures. Earthwork calculation
shall include different category for different haulage distance and lift.

Detail Cost - Estimate
Approved District Rates for labor and materials at the project sites will be collected or
analyzed. Detail rate analysis, detail quantity & cost estimates along with bill of quantity

(BOQ) will be prepared.

The following methodology shall be applied for estimation of the cost of each
component of the project.

1

2. Hydraulic Steel Works: %X
o fd; \

& 7 W

For Civil Works
The cost estimates shall be based on unit rates developed from prevailing labour
rate, construction equipment rate and materials taking also into account the local
situation and bill of quantities derived from design drawings.
The cost estimate shall be done by breaking down major structures into a
number of distinct construction activities or measurable pay items.
Due consideration shall be given to local labours. The rates for locally available
labours can be obtained either from District Rates of concerned districts or
prevailing market rates of the project area and can be used after appropriate
adjustments.
The rates of construction equipment can be taken from regularly updated cost
data, a quotation from the suppliers/manufacturers.
The construction materials to be used for construction work shall be divided
into:
= Materials locally available nearby project area.
= Materials available in local market.
= Materials to be imported from neighboring countries.
= Materials to be imported from overseas.
The rates of construction materials shall be derived as per their source of
supply. While calculating the construction materials’ rate, sufficient attention
shall also be given to the mode of transportation and their corresponding costs
shall also be included.
From labour cost, material cost and equipment cost, the direct cost per unit of
construction activity can be calculated.
The estimate shall be of contractor's type and, therefore, shall also include all
other indirect costs such as office overheads, contractor's financing cost,
insurance bonds, and profit and risk margin.
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e The cost of hydraulic steel works shall be based on a quotation of supplier(s) or
on market price, if they are locally available. Transportation and installation
cost shall also be added.

3. Land Acquisition and Access Road:
Due attention shall be given to the cost of land acquisition and construction of
access roads.

e Cost of land acquisition shall be determined considering detailed risk
assessment, future development of project area, accessibility and public
demand.

4. Camp and Other Facilities:

e The costs of construction camps and permanent buildings required for operation
and also of construction power facilities required shall be included in cost
estimation. A lump sum amount for this can be allocated depending upon the
size of the project.

5. Diversion of Flow:
The cost of diversion of river flow during construction shall be incorporated in
cost estimate.

6. Resettlement/Rehabilitation
Relocation and environment impact mitigation costs shall be as per existing
Environmental Protection Act and Rules. This cost can be derived as a lump
sum taking a reasonable percentage of the project base cost.

Economic Analysis

Crop Budget without and with Irrigation System will be prepared and Benefit/Cost Ratio
and Economic Internal Rate of Return (EIRR) will be evaluated; Conclusion and
Recommendation will be made based on economic & other indicators.

1.1.3.1.24. Annexes

Annexes will include details of compiled data, designs and calculations, bidding
drawings, minutes of community meetings and consent letters of land donation, besides
that photographs of sites/location (Intake, command area, alignment, community
meeting) will be included. Total station/GPS data will be presented in hard copy.

Terms of Reference for Design of the Irrigation Project

After completion of required field surveys and data collection, data shall be processed,
analyzed and evaluated for different alternatives and designed for the best one.
Innovative idea shall be employed to address the present problems making allowances
for the future prospect while carrying out design of canal and structures. PDSP manuals,
hand books/text books, relevant literature and the design data of existing similar nature
and size project, shall be referred while designing and drawing canals and structures.
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The study would include sound engineering designs, quantity of work and cost estimate
as well as proposals and analysis related to the following matters: institutional
management; implementation and beneficiary participation, arrangements in detailed

design,

construction, and operation activities; agriculture development and benefits;

environmental impact assessments and mitigation measures, if included in the contract;
economic and financial aspects and investment program. The detailed design report shall
include all the design calculations that would be at par with the report acceptable to any
funding agency.

The report should clearly enunciate how the planned and designed work shall be
implemented to fit in the present context making provision for the future
prospect.

Lay out the system on suitable base maps will be prepared.

If necessary, new features such as roads and houses will be added from field
survey.

Cadastral maps or ALOS Satellite Imagery can also be used for base mapping
The location of the headwork, settling basin location, canal layout, major
structures’ locations, land slide or other vulnerable zone and command area will
be shown in base map; beside base map, irrigation infrastructures should also be
shown on GIS/Google map

Hydrological Analysis and Water Requirement Assessment
The criteria for the selection of maximum design discharge are based on technical and
economic considerations. The major criteria for the selection of design flood are:

e Importance of structure to be constructed,

e Effect of overtopping of the structure,

e Potential loss of life and downstream damage, and
e Cost of the structure

e Climate Change effect on flood hydrograph hence design flood

Flood Frequency Analysis

The flood frequency analysis is a statistical method to show that flood events of certain
magnitude may on average is expected once every n year. It is generally carried out to
estimate the design flood from the recorded flow data of more than 10 years. The most
commonly used methods for frequency analysis are:

Gumbel’s distribution,
Log Pearson Type I1I distribution, and
parameter Log Normal distribution

The details of these methods are available in the chapter 5 of updated PDSP Planning
and Design Manual Volume I or chapter 6 of PDSP Design Manual M3. Hydrology and
Agrq—Metrology, beside above analysis; climate chagge risk should also be given due
cgnsideration (if such analysis is available with DHM a&r other agencies)
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Regional Analysis

When the recorded hydrological data of the river is absent or too short a regional
analysis is adopted to estimate the flood flow, and low flow of required return periods.
In this method a hydrological homogeneous region is considered from statistical point of
view. There are various methods of estimating flood flow of given return period based
on regional analysis. In Nepal following methods are used to estimate the flood flow:
WECS/DHM (1990) Method- based on regression analysis, Tahal et al (2002) Method —
based on Index Flood Method,

Sharma and Adhikari (2004) - based on regression analysis

In addition, there are rational method and empirical methods such as Modified Dickens
method, Ryve’s method. The most commonly used methods in Nepal is Sharma and
Adhikari Method based on regional analysis and Rational Method as empirical method:
if available, analysis based on climate change risk will be given due consideration.
Besides above methods Design Flood will be evaluated using appropriate
method/software which includes climate change effects
Evaluation of Stage Discharge Curve will be made at Intake/Head Work location with
appropriate method/software

Water Availability for Irrigation

The assessment of water availability for irrigation is carried out on 80% reliability of full
supply. This means 80% of the time there is at least enough water available to meet full
demand of irrigation. For gauged river the reliability assessment is carried out by
frequency analysis while for ungauged river regional regression analysis for long term
mean flow is adopted in Nepal. As far as possible, the recorded flow of the source at the
diversion point shall be used to calculate available reliable flow for irrigation. DHM’s
evaluation of 80% reliable flow considering climate change impact will be taken as
reliable flow.

The details of these methods are available in the chapter 5 of PDSP revised Planning and
Design Manual Volume I or chapter 3 of PDSP Design Manual M3. Hydrology and
Agro- Metrology

Effective Rainfall

The total crop water requirement is met from two sources: rainfall and irrigation.
However, not all rain falling on the field will be "effective” in terms of crop growth;
some percolates to depths below the root zone, some is lost to evaporation, and some
runs off to contribute to stream flow. For calculation of effective rainfall (Pe), 80%

homogeneous reliable rainfall values based on DHM’s new climate change parameter
will be used.

Irrigation Water Requirement & Water Balance

Calculation of Irrigation Water Requirement should follow the steps mentioned in the
chapter 5 of CMIASP/PDSP revised Planning and Design Manual Volume I but the
evaluation will be based on irrigation scheduling & crop arrangements using
CROPWATS or appropriate software (mentioned in FAO-56 or FAO-66); hence
ﬁnaliziniwater balance with optimization of water use and irrigation efficiency
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The diversion requirement should be evaluated based on above mentioned water balance
Design of canal & related structures should be carried out based on bottom up approach,

hence the pond level will be fixed
Selection of type of head work/intake an
hydraulic & structural engineering concepts
Sensitivity analysis of hydraulic design of head works & other hydraulic structures will
be carried out using available software (WINFLUME/HEC-RAS or other soft wares)
Detail Cost Estimation of the project making sure that proper allocation has been made
for Resettlement Plan (RP), Environment Management Plan (EMP)

Detail Economic Analysis and Evaluation of EIRR & BC ratio will be made.

d design will be carried out using standard

MODE OF PAYMENT

A. For Departmental Employees:
The amount shall be paid to the employees assigned for the study as follows:

For mobilization and field work 40% of the total amount as an advance.
Upon submission of brief field Report 30% of the total amount.
Upon submission and acceptance of Final Survey Report 30% of the total amount.

Final payment shall not be made if the mentioned work is not completed as per TOR,
and the assigned team will be fully responsible ensuring the quality of report as per

requirement.

B. For Consultant (if employed):
Mode of Payment for consulting services shall be decided by the Client based on the

duration of services, stage of reporting, prevailing procurement rules and regulations,
donor agencies’ guidelines, if any, and availability of funds.

Key Person Qualifications

The general guidelines for qualification of key persons have been given below, however
qualifications of key persons may be project specific and client may modify accordingly.

1. Team Leader
Academic Qualification

Master’s Degree in Water Resources/Irrigation/Hydraulic structure/Dam Engineering.

Work experience
Minimum 15 years general work experience with minimum 10 years’ experience in

irrigation

2. Hydraulic Design Engineer
Academic Qualification
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Work experience
Minimum 10 years general work experience with minimum 5 years’ experience in

irrigation

3. Structural Engineer
Academic Qualification

Master’s Degree in structure.

Work experience

Minimum 10 years general work experience with minimum 3 years’ experience in
water related structure design.

4. Surveyor
Academic Qualification

Bachelor’s Degree in Civil Engineering/Surveying.
Work experience

Minimum 10 years general work experience with minimum 3 years’ experience in
irrigation related survey

5. Hydrologist
Academic Qualification

Master Degree in Water Resources/Hydrology.

Work experience

Minimum 10 years general work experience with minimum 3years’ experience in
hydrological survey, river morphology survey and hydro-metrological data analysis.

6. Agronomist/Agriculturist
Academic Qualification

Master Degree in agricultural science or equivalent.
Work experience
Minimum 5 years general work experience with minimum 3years’ experience in

estimating crop water requirement, cropping pattern design and cropping intensities
forecast.

7. Sociologist/Socio-economist
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Master Degree in economics.

Work experience
Minimum 5 years working experience in economic analysis of agriculture related
sector.

8. Geologist

Academic Qualification

Master Degree in Engineering Geology/Geo-technical Engineering

Work experience

Minimum 5 years working experience in geological/geo-technical survey, geological
mapping, geotechnical analysis and geo technical design of hydraulic structures.
9. GIS Expert

Academic Qualification

Master Degree in GIS/remote sensing, computer science, earth science, or equivalent.

Work experience

Minimum 5 years working experience in GIS mapping.

10. Procurement Expert

Academic Qualification

Bachelor Degree in civil engineering or related fields

Work experience

Minimum 5 years working experience procurement sector.

11. Construction Planner

Academic Qualification

Bachelor Degree in civil engineering or related fields

Work experience

Minimum 5 years working experience construction planning and/or construction

activities.

12. Engineer
./. :
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Academic Qualification

Bachelor Degree in civil engineering or related fields

Work experience

Minimum 5 years working experience in related assignments.
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1.1.4. NORMS FOR DETAILED ENGINEERING DESIGN & TENDER DOCUMENTS
1.1.4.1.FIELD WORK
1.1.4.1.1. CANAL ALIGNMENT

A. Setout of the Layout of the canal network including canal structures

i- Human Resource required :

Team Leader 0.10
Engineer/Surveyor 1
Sub-Engineer 2
Labour 5 J

ii- Performance criteria:

Hills 3 km/day
Terai 6 km/day

B. New canal alignment and/or canal alignment not surveyed during
feasibility, if any
Follow the Feasibility norms.

1.1.4.1.2. MAJOR STRUCTURES
C. Major structures that have been relocated and/or not surveyed during
feasibility, if any
Follow the Feasibility norms.
1.1.4.1.3. HYDROLOGY

Generally, data gathered during Feasibility Study will be sufficient, no further data will
be required.

1.1.4.1.4. AGRICULTURE AND SOIL SURVEY

Soil and land survey shall be carried out in specific areas identified during Feasibility
study, if any. In such case, Feasibility norms will be used but the intensity of infiltration
tests will be between 11T per Im to 15m grid.

N
\i

1.1.4.1.5. SOCIO-ECONOMIC SURVEY

\:\7 further study will be required.
.\\\,) ./_

L SO

)




d Irrigato®

\g,\\\\“
> Q? xe
ﬁ? ;
%paf
an,
al

<
O/I'py
Yep

il &
o
o, oVern met S

7 ; R
S I “a‘e‘:\\\«\%@ Study Norms, 2081

D
Department of'Water Resources and Irrigation

1.1.4.1.6. CONSTRUCTION MATERIAL SURVEY

No further data will be required.

1.1.4.1.7. SITE INVESTIGATION
Further site investigations will be required if structures are relocated or added and/or
feasibility study recommends. In such case, follow the feasibility norms.

1.1.4.1.8. MISCELLANEOUS - for Hills and Terai

A. Transportation
Estimate for transportation facility shall be made based on means of transportation,
numbers of visit to the field, market rate of transportation means and days required for
the field works including to and fro to the field. In case of international expat number of
visit from his/her country to the site and return back.

OFFICE WORK
1.1.4.1.9. DESK STUDY
A. Additional map Collection & Updating, Compilation and Report presentation

i - Human Resource required:

Team Leader !
Engineer 1
GIS expert 0.5
Sub-Engineer 1
Auto CAD expert 1
Office Assistant 1

11 - Performance criteria:

Pond Irrigation Scheme Not required

Command area: Small/ Medium
(RoR)irrigation Project
Large (RoR) Irrigation Project 3 days

Not required

&
o
5

Mega (RoR) Irrigation Project 5 days
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1.1.4.1.10. TOPOGRAPHIC SURVEY

A. Updating of topographic map prepared during feasibility with additional data
collected, if any

i - Human Resource required:

Team Leader 0.1
Engineer 1

GIS expert 0.5
Sub-Engineer 2
AutoCAD expert 1
Office Assistant 1

ii - Performance criteria :

ﬁ All project 500 ha/day J

1.1.4.1.11. HEADWORK SITE

A. Review of Contour, L-section and X-section

If the Headworks site is not relocated no need, otherwise follow feasibility norms.

B. Review of Hydrological data

i - Human Resource required :

Team Leader 0.10
Hydrologist 1
GIS expert 0.25

Assistant 1
Office Assistant 1

ii - Performance criteria:

River type days
[ Class 1 River 1
II Class 2 River 1
[II Class 3 River ‘ Not required
[V Classless River ' Not required
i & /

Diregtor General
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C. Review of hydraulic design and drawings and prepare detail structural Design
and Drawings. Review of hydro mechanical and electro mechanical design,

drawing

i - Human Resource required:

@pa/
7 *
o0y ° Migation
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Team leader 0.25
Hydraulic Design Engineer 0.25
Structural Engineer 1
Geotech Engineer 0.1
Mechanical Engineer 0.1
Electrical Engineer 0.1
GIS expert 0.25
Sub-Engineer 1
Auto CAD expert 1
Office Assistant 1
ii -Performance criteria:
River type days
[ Class 1 River 30
[I  Class 2 River 20
IIT Class 3 River 10
IV Classless River 7
Pond Irrigation Not required
D. Review and updating of cost Estimate
1 - Human Resource required :
Team Leader 0.10
Engineer/Quantity Surveyor 1
Sub-Engineer 1
Office Assistant ]
ii - Performance criteria :
River type days
I Class | River 5
I Class 2 River 5
IIT Class 3 River 3

.
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IV Classless River

Pond Irrigation

1.1.4.1.12. Settling Basin

A. Review of Contour, L-section and X-section

If the Settling basin site is not relocated no need, otherwise follow feasibility norms.

B. Review of hydraulic design and drawings and prepare detail structural Design
and Drawings. Review of hydro mechanical design, drawing

i - Human Resource required:

Team leader

0.10

Hydraulic Design Engineer

0.50

Structural Engineer

Mechanical Engineer

0.25

Sub-Engineer

AutoCAD expert

Office Assistant

i - Performance criteria :

r 1 settling basin

2 days

1.1.4.1.12.1. Review and updating of cost Estimate

i - Human Resource required :

Team Leader

Engineer/Quantity Surveyor

Sub-Engineer

Office Assistant

ii - Performance criteria :

F 1 settling basin

1 day

]

1.1.4.1.13. CANAL ALIGNMEN WITH CANAL STRUCTURE

A. Layout verification

i - Human Resource required:

Team Leader )

0.10
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Water Resource Engineer 1
GIS expert 0.5
Sub-Engineer 1
Auto CAD expert 1
Office Assistant 1
ii - Performance criteria:
Command Area Days
<=500 ha 2
<= 10000 ha 3
<=25000 ha 4
>25000 ha (4 + (hectarage more than
25000ha)*(1/15000))

B. Contour, L-section and X-section

Not needed if alignment is not changed, otherwise follow feasibility
~ norms

C. Review of Design and Drawings of Canal Sections

1 - Human Resource required:

Team leader

0.10

Hydraulic Design Engineer

GIS expert

0.25

Sub-Engineer

AutoCAD expert

Office Assistant

ii - Performance criteria :

Command Area

<=500 ha

<= 10000 ha

<=25000 ha

>25000 ha

(4 + (hectarage more than 25000
ha)*(1/15000))

W B
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D. Hydraulic Design and Drawings review and prepare detailed structural design

and drawings of Canal Structures

i - Human Resource required:

Study Norms, 2081
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asnyo

Team leader 0.10
Hydraulic Design Engineer 0.25
Structure Engineer 1
Sub-Engineer 1
AutoCAD expert 1
Office Assistant 1
ii - Performance criteria:
Type Km (canal length)/day
All types of canal structures along canal alignment 5
except cross drainage
E. Review and update of cost Estimate
i - Human Resource required:
Team leader 0.10
Engineer/Quantity Surveyor 1
Sub-Engineer 1
Office Assistant 1
ii - Performance criteria :
ﬁ All projects 10 km/day

1.1.4.1.14. CROSS DRAINAGE WORKS

A. Contour, L-section and X-section

Not required if structures are not relocated or changed, otherwise follow feasibility

norms

AR N
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B. Review of Geological data

Not required if structures are not relocated or changed or feasibility study has not
recommended for additional study, otherwise follow feasibility norms

C. Review of Hydrological data

i - Human Resource required :

Team leader 0.10

Hydrologist 1

Office Assistant 1

ii - Performance criteria :

River type Days
1 I Class I river 5 CD/day
I Class 2 river 7 CD/day
I Class 3 river 10 CD/day
R IV Classless River 15 CD/day

D. Review of hydraulic Design and Drawings and prepare detailed structural
o Design and Drawings

i - Human Resource required :

Team leader 0.10
Hydraulic Engineer 0.25
~ Structural Engineer 1
Geologist/Geotech Engineer 0.10
GIS expert 0.25
Sub-Engineer 0.50
Auto CAD expert 1
B Office Assistant 1
ii - Performance criteria :
= River type days
I Class I river 1 CD/ 3day
Il Class 2 river 1 CD/ 2day
0 1T Class 3 river 1 CD/ lday
IV Classless River 2CD/ day

; @n/’%’}$c@
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E. Review and Update of Cost Estimate

i - Human Resource required :

Team leader 0.10 j
Engineer/Quantity Surveyor 1
Sub-Engineer 1
l Office Assistant 1

ii - Performance criteria :
B All Projects 5 CD/day |

1.1.4.1.15. COMMAND AREA - for Hills and Terai

A. Review of Topography maps

i - Human Resource required :

[i Team Leader 0.1 j
Engineer 1 \
GIS expert 0.25
h Sub-Engineer 1
AutoCAD expert 1
| Office Assistant | J
ii - Performance criteria :
E All Project 500 ha/day ;\

B. Agriculture and Soil Survey

Not required if feasibility study has not recommended.

C. Material Quarry (Verification of Quality and Quantity and preparation of
Quarry Location Maps)

i - Human Resource required : \

r Team leader \ /
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Geologist 1

Engineer 1

Office Assistant 1

11 - Performance criteria :

Quarry site Days

1 quarry site 1

1.1.4.1.16. Review and update Construction Planning and Management

i - Human Resource required:

Team leader 0.10
Engineer/Construction Planner l
Sub Engineer 1
Office Assistant 1

11 - Performance criteria:

Small irrigation scheme 2 days
Medium irrigation scheme 3 days
Large irrigation schemes 5 days
Mega Irrigation Schemes 7 days

1.1.4.1.17. Review and update of Environmental Study

Scope of the study will depend on the status of previously carried out study. Generally, one
of the following studies is carried out during detailed design based on the size and
complexity of the project and status of the available environmental study:

* Update IEE (if there are changes in project design)

¢ Carry out EMP updates in EIA, if there are minor changes in the project design and get
approved from the Ministry of Forrest and Environment.

e Carry out supplementary EIA, if there are major changes in project design and get
approved from the Ministry of Forest and Environment.
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1.1.4.1.18. Specifications and Tender Documents preparation

i - Human Resource required :

Study Norms, 2081
Department of Water Resources and Irrigation

Team Leader 0.25
Specification Expert 1
Procurement Expert 1
Legal Expert 1
Office Assistant 1
ii - Performance criteria :
Small irrigation scheme 5 days
Medium irrigation scheme 10 days
Large irrigation schemes 15 days
Mega Irrigation Schemes 30 days
1.1.4.1.19. Review, Update and Revision of Rate Analysis
i - Human Resource required:
Team leader 0.10
Engineer 1
Sub-Engineer 2
Office Assistant 1
ii - Performance Criteria
Small irrigation scheme 2days
Medium irrigation scheme 3 days
Large irrigation schemes 5 days
Mega Irrigation Schemes 7 days
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1.1.4.1.20. Update and Revision of Economic Analysis

i - Human Resource required :

Team leader 0.10
Economist 1
Assistant 1
Office Assistant 1

il - Performance criteria:

Small irrigation scheme 2 days
Medium irrigation scheme 3 days
Large irrigation schemes 5 days
Mega Irrigation Schemes 7 days

1.1.4.1.21. Numerical and /or Physical Hydraulic Modelling:

For large projects numerical and / or physical hydraulic modelling may be carried out, if
needed.

The rate of numerical and physical modelling can be obtained from prevailing market
price or approved rate from other GoN entity.

1.1.4.1.22. Report Preparation

i - Human Resource required :

Team leader 1

Hydraulic Engineer 1
Surveyor 0.25
Structural Engineer 0.25
Hydrologist 0.25
Geologist/Geotech Engineer 0.25
Agriculturist 0.20
Sociologist 0.20
Economist 0.10
Legal Expert 0.10
Construction planner 0.05
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Procurement Specialist 0.05
Assistant 2
Office Assistant 1

ii - Performance criteria

Small Irrigation Schemes 10 days
Medium Irrigation Schemes 20 days
Large Irrigation Schemes 30 days
Mega Irrigation Schemes 45 days

MISCLLEANEOUS:
¢. Office Space, Office equipment and consumables & Field equipment and
consumables;
Field Equipment, Field Consumables and 15 % of Total Cost of Human
office space, office equipment such as Resources (Office+ Field)

Computer, Scanner, Photocopy, Printer,
Plotter, Toner, Cartridge, Binder, Stationary,
All Consumables etc

1.1.4.1.23. Transportation Cost:

Estimate for transportation facility shall be allocated based on means of transportation,
numbers key personnel entitled to use vehicles, market rate of transportation means and
days required to complete the works. In case of international expert number of visit from
his/her country to the working station shall also be considered.

Sample Terms of Reference for Detailed Design and Tender Documents
1.1.4.1.24. OBJECTIVE OF THE STUDY

The overall objective of the study is to dimension and specify the works to a
sufficiently accurate standard for tenders for construction to be held. The project
works are normally packaged into one or number of contracts, depending on the scale
and time of contracts.

Scope of Works

The product of detailed designs are sets of tender documents
comprising:
e Instructions for tendering; \
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e Condition of contracts;
e Specifications;

¢ Bills of quantities;

® Drawings.

Design team (here onwards “the team”) will perform detailed technical study along
with related works herein to attain the desired objectives. The team will be responsible
for accuracy, interpretation, analysis of all data received and packaging of the works in
their report. The mentioned scope of work to be carried by the team will broadly
include but not limited to the following;

a) Desk study

A desk study will be carried out collecting all the data, maps and information relevant
to the project and review of previous study reports including feasibility Report. In
addition to this additional maps and updated images shall be collected as required.

b) Topographical Survey:

1. The topographical maps prepared during the feasibility study shall be reviewed and
updated them to reflect the changes, if any.

2. Additional survey shall be carried out if there are changes in alignment or any
addition or change of location of project component(s)

3. The coordinates of control points established during the feasibility study shall be
verified and revised, if necessary.

~ 4. When and where necessary, updated topographic maps shall be used by updating
topographic maps prepared during feasibility study.

¢) Hydrology and Sediment

1. All the Information regarding hydrological data and analysis obtained from the
feasibility study shall be reviewed, verified and updated.

~ 2. Findings of feasibility study regarding sediment data and analysis shall be reviewed
and updated, if necessary.

- d) Geology and Geotechnical Investigations
I. Review, and update maps and reports of previous geological studies. Conduct
detailed mapping, if major component’s locations are changed.
& 2. All geotechnical investigations including exploratory core drillings recommended in

the feasibility study shall be carried out.
3. Conduct additional geophysical investigations, if required.

e) Construction Material Survey

— : %%\ 7// y
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1. Collect previous laboratory reports and results and verify the quality and quantity of
construction materials.

2. Carry out further investigations and laboratory tests, if required.

3. Prepare construction materials quarry site and burrow area location map. —

f) Selection of Project Components and Project Layout

1. Review and verify the project layout and components’ design.

2. In case of significant changes to the layout, update the feasibility study.

3. Carry out the detailed design of all components such as weir, intake, settling basin,
cross drainages etc.

4. Follow the relevant national and international guidelines, norms and codes to design

the project components.
g) Project Description and Design
v' Civil Components %

1. The final project layout recommended in the feasibility study and the approved
IEE/EIA report shall be reviewed and verified, if necessary.

2. Component-wise detailed design shall be carried out for the final/updated project
layout.

3. Project definition report defining all project information, parameters and components
shall be prepared. 53

4. Detailed hydraulic design and dimensioning of all components/structures carried out
during the feasibility study shall be reviewed and updated/refined/revised where
necessary.

5. Foundation Design -

» The results from the geophysical investigation shall be used to design the
foundations.

> If foundation has to be placed in inferior soil type, a suitable foundation
treatment method shall be specified.

» Detailed seepage analysis under the weir/barrage foundation and other water L
retaining structures shall be carried out. Uplift pressure and under piping
mechanism for cutoff wall, apron and protection works shall be analyzed and
proper measures shall be proposed to prevent damage related to foundation
undermining.

» The allowable bearing capacity of the foundation may be increased in extreme
loading conditions as provisioned in the design codes. Similarly, the allowable
bearing capacity may need to be reduced when fully water saturation =t
conditions occur and placing foundation on steep slopes or adjacent to them.

6. Stability Analysis of Structures _
The following loadings shall be considered for stability analysis of project

components:

§/ Dead load ; )

X
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Live load

Water pressure

Weight of water
Hydro-dynamic load

Active earth pressure

At rest pressure

Passive earth pressure
Earthquake load

In-situ stresses

Impact load

Thermal

Uplift (buoyancy and seepage)
Surcharge/overburden loads
Wind

Construction and moving surface loads:
Additional loads, if any

For the purpose of evaluating the stability and structural analysis, different load
combinations that may occur during different phases of the project implementation
and operation shall be considered. Individual components/elements must be
designed for the most unfavorable load combination.

The appropriate type of water stops shall be provided at
expansion/contraction/construction joints.

\

101/

Detailed Structural Analysis and Design

Appropriate codes (concrete, steel) should be referred for the detail design. All
possible loading conditions shall be considered.

The durability of the structure shall be ensured in the design.

Material properties and allowable stresses for concrete, structural steel,
reinforcement, etc. shall be specified.

The structures shall be analyzed using acceptable methods manually or by using
software.

All structures shall be safe against internal and external forces/stresses and all
kind of climatic conditions.

Reinforcement calculation shall be done considering temperature and shrinkage
effects.

Water Tightness

Control of cracking in concrete shall be as per the requirement specified in IS
456:1978 and 2000 or BS 8007:1987 or BS 8110 Part 11, BS 2007 or equivalent
codes.

The type and location of joints shall be specified. Contraction/expansion joints
shall be located in appropriate spacing. Construction joints shall be provided
considering construction sequence.
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9. Detailing and Drawings
e The reinforcement shall be detailed considering the ductility of the structure.
e Reinforcement arrangement shall be shown in drawings in appropriate scale.
Special attention shall be given at joints.
e Prepare construction drawings, reinforcement drawings and bar bending
schedules.

10. Field Verification of Design/Layout
The arrangement of all project components shall be verified at the site by laying

setting out points. Any changes that may occur shall be addressed in the design.

11. Report Preparation
After finalizing the design, a detailed design report shall be prepared showing all
hydraulic, geotechnical, stability and structural analyses calculations. Based on the
detailed design report, a draft operation and maintenance manual shall be prepared.

v Hydro- Mechanical Components

e This design is generally carried out by hydro-mechanical equipment
manufacturers/suppliers, thus only preliminary design for preparing Terms of
Reference of tender/contract documents shall be carried out in consultation with
potential manufacturers/suppliers.

e Design and dimensioning of all components/structures carried out during the
feasibility study shall be reviewed and updated where necessary and presented in
the project definition report.

e The type of gate/stoplogs with embedded parts and its hoisting mechanism shall
be fixed.

e The materials to be used for skin plates, stiffeners, girders, embedded parts and
other components shall be specified.

e Types and material of seals shall be mentioned.

e Power-operated gates shall normally be capable of operation by alternate means
in case of power supply failure.

h) After finalizing the design, a report shall be prepared showing all hydraulic, and
structural calculations. Similarly, operating conditions, hoisting mechanisms, opening
sizes, design pressures, and dimension of all major components/elements shall be
mentioned. Based on the detailed design report, a draft operation and maintenance
manual shall be prepared.

i) Environmental Study

e Update IEE (if there are changes in project design).

e Carryout EMP updates in EIA, if there are minor changes in project design and
get it approved from Ministry of Forests and Environment.

e Carryout supplementary EIA, if there are major changes in project design and get
it approved from Ministry of Forests and Enviropment

j) Resettlement Study, if any
.. evigw and update the data/information taken in Ar¢vious studies.
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* Estimate the total resettlement cost including all requirements such as opportunity
- loss, educational and environmental effects, physiological, mental and physical
health effect, security, social and economic impacts etc.
e Update and finalize resettlement schedule and settlement area.

k) Benefit Estimation

Benefit estimated in feasibility study shall be updated, if required.

I) Cost Estimation

 The criteria and assumptions for feasibility level study shall be applied but shall
be based on detailed design with inclusion of items not included in the feasibility
level study.
* The methodology for feasibility level study shall be applied but shall be based on
& a detailed design with inclusion of items not included in the feasibility level study.
* Carry out necessary updates such as revision of rate analysis.

m) Base Cost and Total Project Cost
At the detailed design level, due to use of more detailed information collected and
minor items included and designs updated/improved, level of uncertainties will
decrease particularly in civil works/HM works component.

n) Cash Disbursement Schedule
Cash disbursement schedule shall be based on updated project implementation
schedule, if required.

0) Construction Planning and Schedule
—~ * Review the construction planning and schedule prepared during the feasibility
study and update as necessary
* Plan and confirm the availability, quality and quantity of all construction
materials.
p) Project Evaluation
Update the economic analysis based on additional information and data available at
this stage.

q) Sensitivity Analysis
Update the sensitivity analysis carried out in the feasibility study based on current
= market conditions and new information/data available at this stage.

r) Presentation Drawings, Maps, Charts and Tables

& * Prepare location map in appropriate scale.
Map showing physiographic regions and geographical regions shall be included.
e Updated (if any) survey maps, data and d-cards with photographs shall be
— documented and presented
* Control survey benchmarks or traverse stations with their x, y, z coordinates (in
separate sheet) shall be given in general arrangement drawings (with contours) for

=3
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all components for reference and further use during construction and operation
phases of the project.

Updated geological drawings, if any.

Updated hydrology report.

Prepare civil general arrangement drawings of all components, showing
benchmarks, setting out points with their coordinates and all necessary details.
Reinforcement drawings of ell structures with bar bending schedules shall be
prepared.

Preliminary drawings of all hydro- mechanical components with necessary
dimensions/schedules shall be prepared.

v Drawing of Civil Structures
Civil Structures drawings, but not limited to the followings shall be
prepared and provided:

General arrangement/layout of selected project in appropriate scale.

Headworks (general arrangement, elevations and sections) in appropriate scale
Headworks components, weir, under sluice, intake etc. plan, sections (L-section,
cross sections) and elevations in appropriate scale.

Settling basin plan, L-section and cross sections in appropriate scale.

Canal system plan, L-section and cross sections in appropriate scale.

Cross Drainage works plan, L-section and cross sections in appropriate scale.
Other canal structures drawings.

Reinforcement drawings shall be prepared based on Civil General Arrangement
drawings in appropriate scale.

Protection works drawings in appropriate scale

v Drawing of Hydro-Mechanical Components
Hydro mechanical component’s drawings, but not limited to the followings shall be
prepared and provided:

Gates and accessories parts shall be shown in appropriate scale.
Expansion joints, gates driving system etc. shall be shown in appropriate scale.
Other HM components shall be prepared in appropriate scale.

s) Detailed Design Report:

outcomes of such studies. \
\3 104

Project Definition Report: This is generally prepared at the beginning of detail
design phase as guidelines for further design/development of the project. In the
report, all base line data, up to date salient features of the project and project
engineering parameters including relevant codes adopted, cost and benefit
calculations, economic indices, project implementation schedule, etc. shall be
briefly described. )

When numerical and physical hydraulic model studies are carried out, separate
reports shall be prepared recommending further design refinements based on the
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Main outcomes of the detailed design are reports, drawings (general arrangement and

_ reinforcement), and specifications. The reports, drawings and specifications together
with design calculation sheets can be structured in different volumes. An example of
detailed design report volume is suggested below:

*  Volume-1: Detailed design main report
* Volume-2: Detailed design annexes and appendices
* Volume-3: Detailed design drawings:
*  Volume-3A: Detailed design civil drawings
*  Volume-3B: Reinforcement drawings
* Volume-4: Technical specifications

— The abovementioned report and documents will be the basis for the preparation of
tender documents which are prepared during detailed design phase

In case of significant change(s) to the layout, design and or any other project
parameters, such change(s) should be reported on time to the client and regulating
authorities with necessary supporting documents for necessary approval.

- t) Tender Documents and Procurement Plan
¢ Procurement risk assessment shall be carried out.
e Capacity of national contractors shall be assessed for executing works of similar
- nature and size.
® Procurement plan including packaging of works (NCB and/or ICB, as per
requirement) with estimated time and cost shall be prepared.
. * Bidding documents following national and/or international practices shall be
prepared. A bidding document shall comprise the followings:
* [Instructions For Biddings;
* Condition Of Contracts;
= Specifications;
= Bills Of Quantities;
® Drawings.

MODE OF PAYMENT

A. For Departmental Employees:

The amount shall be paid to the employees assigned for the study as follows:

For mobilization and field work 30% of the total amount as an advance.

Upon submission of Draft Report 40% of the total amount.

Upon submission and acceptance of Final Survey Report 30% of the total amount.

= Final payment shall not be made if the mentioned work is not completed as per TOR,
and the assigned team will be fully responsible ensuring the quality of report as per

requirement. N
B (f'/ \ 105
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B. For Consultant (if employed) :
Mode of Payment for consulting services shall be decided by the Client based on the

duration of services, stage of reporting, prevailing procurement rules and regulations, donor
agencies’ guidelines, if any, and availability of funds.
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1.2. IRRIGATION STORAGE DAM: SMALL EARTHEN DAM (HEIGHT UPTO 15M)

1.2.1. NORMS FOR IDENTIFICATION STUDIES

Office Works

1.2.1.1.1. Report Preparation

A. Compilation, Analysis and Report Preparation
T— T Human Resources required:

Engineer / Surveyor

Computer Operator

Sub Engineer/Supporting Staff/ Assistant

Association organizer

Office Assistant

ii- Performance criteria:

All Projects

7 day/ project

Field Works:

1.2.1.1.2. Headworks/ Dam site:

A. Location and Hydrology Survey
i- Human Resources required:

Engineer / Surveyor

Sub-Engineer

Labour

ii- Performance criteria:

’ All Projects

1 day/ project

107
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1.2.1.1.3. Canal Alignment:
A. Layout Survey
i- Human Resources required:
Engineer / Surveyor 1
Labour 2
ii- Performance criteria:
All Projects 1 day/ project
1.2.1.1.4. Command Area
A. GPS Survey
i- Human Resources required:
Sub Engineer/Supporting Staft / Assistant 1
Labour 2
ii- Performance criteria:
All Projects 1 day/ project J
B. Socio-economical Survey
i- Human Resources required:
Association Organizer 1
Labour 1
ii- Performance criteria:
All Projects 1 day/ project

1.2.1.1.5. MISCELLANEOUS

i. Transportation
Estimate for travel expenses shall be made based on means of transportation,
market rate of transportation means and days refuired for travelling (to reach the
field (work site) and return back).
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ii. Office and Field Equipment and consumables

Study Norms, 2081
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Field Equipment, Field Consumables and
office equipment such as Computer,
Scanner, Photocopy, Printer, Plotter,

Toner, Cartridge, Binder, Stationary, All

Consumables etc

15 % of Total Cost of Human
Resources (Office+ Field)
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1.2.2. NORMS FOR DETAILED FEASIBILITY ST UDIES
Office Works
1.2.2.1.1. Desk study- Data collection, compilation and preparation of secondary data

i- Human Resources required:

Engineer / Surveyor 1
Sub Engineer/Supporting Staft/ 1
ii- P Assistant ,
e GIS Expert 1
iﬁ AutoCAD Expert 1
L o Office Assistant 1
T

mance criteria:

r All Projects 5 day/ project J

1.2.2.1.2. Headworks/Dam site
A. Contour, L Section and X section

i- Human Resources required:

Team Leader/Water Resources Engineer/ 0.1
Hydraulic Engineer

Engineer / Surveyor 1

Sub Engineer/Supporting Staff/ Assistant 1

GIS Expert 1

AutoCAD Expert 1

Office Assistant 1

ii- Performance criteria:

Projects — Reservoir Area —up to 10 Ha 4 days/ project
Projects — Reservoir Area -up to 20 Ha 6 days/ project
Projects — Reservoir Area —20 Ha+ every 10 6 +1 days/ project
e &
B. Geology

i- Human Resources requiked:
Y @ & -
C% /ffﬁ o
"\,\/W iyector General ((/]))




% Governme‘\\
L/ fnergy, Wae
Singh Dyroas.

Study Norms, 2081
Department of Water Resources and Irrigation

Geologist

GIS Expert

AutoCAD Expert

Office Assistant

ii- Performance criteria:

All Projects 5 days/ project
C. Hydrology
i- Human Resources required:
Team Leader 0.25
Hydrologist 1
GIS Expert ]

AutoCAD Expert

Office Assistant

ii- Performance criteria:

All Projects

3 days/ project

D. Design and Drawing

i- Human Resources required:

Team Leader/Water Resources Engineer/ 0.5
Hydraulic Engineer
Engineer 1
Sub Engineer 2

GIS Expert

AutoCAD Expert

Office Assistant

ii- Performance criteria:

All Projects

5 days/ project
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E. Estimate
i- Human Resources required:
Engineer/Surveyor 1 -
Sub Engineer 2
Office Assistant 1 —
ii- Performance criteria:
r All Projects 4 days/ project J
Field Works
1.2.2.1.3. Headworks/ Dam Site
A. Site Selection
Follow Feasibility Study Norms of RoR Schemes
B. Contour Survey
i- Human Resources required:
Engineer / Surveyor 1
Sub Engineer/Supporting Staff/ Assistant 1
Labour 8
ii- Performance criteria:
Projects — Reservoir Area —up to 10 Ha 1 days/ project
Projects — Reservoir Area —10 Hat every 10 14+0.5 days/ project
Ha J
C. L-section and X-section Survey
i- Human Resources required:
Engineer / Surveyor 1
Sub Engineer 1
Labour 5
ii- Performance criteria:
L 1 day/ Project J

J r All Projects
IR 4
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D. Benchmark survey
Follow Feasibility Study Norms of RoR Schemes

E. Geological Survey
i- Human Resources required:

Team Leader 1
Geologist/Senior Geotechnical Engineer 1
Labour 7x3 = 21

7 labours can dig 1 pita day in river
bed of size 1.50m x 1.50m x 5m

ii- Performance criteria:

All Projects (3 nos of pits at river bed of 1 day
size 1.50m x 1.50m x Sm)

Note: Pit excavation can be replaced by hand auger or core drilling of Sm

depth. Cost of hand auger or core drilling can be obtained from related work
norms or market price.

F. Hydrological Survey
i- Human Resources required:

Team Leader 1
Hydrologist 1
Engineer 1

ii- P Sup Engineer 1
- Labour 3

formance criteria:

All Projects 4 day/ Project —’

G. Lake routing and Sedimentation Survey
i~ Human Resources required:

Silt Expert/Geotechnical Engineer 1

Water Resource Engineer 1
Hydrologist 1 /
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ii- Performance criteria:

f All Projects \ 2 day/ Project J

H. Operation and Maintenance Plan Preparation

i- Human Resources required:

Water Resource Expert 1 \
Engineer 1
Hydrologist 1 ‘\
ii- POffice Assistant 2 J
T

rformance criteria:

r All Projects 4 days/ project J

e Ficld and office works for Canal alignment, Command Area, Cross Drainage works, Socio-
economical study, and Construction material survey shall be taken same as ROR Scheme
feasibility Study.

e Miscellaneous works, geophysical exploration, Socio-economical study, economic
analysis, Rate analysis, Report preparation other study required will shall be taken same as
ROR Scheme feasibility Study.

MISCLLEANEOUS:

1.2.2.1.3.1.Transportation
Estimate for travel expenses shall be made based on means of transportation,

market rate of transportation means and days required for travelling (to reach the
field (work site) and return bac k).

1.2.2.1.3.2.0ffice Space , Office and Field E.quipment and consumables
Field Equipment, Field Consumables and 15 % of Total Cost of Human
Office space, Office equipment such as Resources (Office+ Field)

Computer, Scanner, Photocopy, Printer,
Plotter, Toner, Cartridge, Binder, Stationary,
All Consumables etg/ \ f
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SAMPLE TERMS OF REFERENCE FOR WATER STORAGE EARTHEN DAM UPTO 15M
HEIGHT

d. OBJECTIVE

The Main objective of the study is preparation of the Detailed Feasibility Study Report
for storage dams with gravity/lift irrigation system within the capacity of storage
water.

e. SCOPE OF WORKS

* Interact with client personnel to understand and prepare plan of activities to conduct
the job.
* Carry out desk study
— * Review/update available relevant past reports/data.
* Identify the appropriate dam site in the rivers/rivulets of assigned storage sites by
considering the hydrological study, topography, uses of river in multipurpose use
- etc.
* Identify the dam axis, dam height, dam body, volume and influence project areas
including possible submergence area due to the construction.
~ * Identify the approximate volume of storage water.
* Study the environmental impact due to dam construction in prefeasibility level.
* Prepare project cost estimate including distribution system using either gravity or
lifting.
* Prepare financial analysis based on project cost, implementation schedule etc.
* Preparation of design, drawings and report of above storage dams including
distribution system using either gravity or lifting.
* Prepare cost estimate of the project based on approved district rates and market
rates
* Conduct stakeholder consultation meeting along with local governments
* Prepare Draft and Final report including all above mentioned points

* Prepare operation and maintenance plan of Dam considering dam safety and safe
passage to excess water.

J-  Field Survey, Data Collection and Preparation of Maps
In general, the following main activities to be carried out for data collection, planning
and designing of headworks/intakes, canal networks and detailed feasibility study:

i) System Planning
ii) Benchmark Survey

iii) Head Work site survey
iv) Discharge measurement
i v) Canal alignment survey
vi) Command area survey
o /
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i) System Planning

Digital topographical maps (1:25,000 scales) of the area from Survey Department shall
be acquired and layout plan of irrigation and drainage network shall be prepared. An
interactive procedure shall be followed in the irrigation system planning. The planning
shall be overlaid on recent Google Earth maps or other satellite images and refined
considering recently added infrastructure and development in the area. Once the
tentative plans are verified in the field during rapid appraisal, more detailed planning
for the irrigation and drainage system shall be started. The major activities that shall
be carried out during the irrigation canal system planning are;

% Location of Headworks/Dam;

» Delineation of proposed gross command area and net command area to be
covered by the study, existing and potential surface irrigation schemes, standalone
groundwater irrigation schemes and conjunctive use of water;

% Identification and marking of the natural features including existing drainage,
high ground, roads, villages, forests and public places;

»

ldentification and marking the alignment for canals and corresponding drains;

» Identification and locating the appropriate locations of off-take points.

ii) Benchmark Survey

Reference bench mark and its value shall be obtained from Department of
Survey/Project. Specified bench marks shall be established in the vicinity of
Headworks/Intakes, settling basin location. command area at the spacing of one BM
per 50 ha and at 1 km in Terai and at 0.50 km interval along canals. D-card shall be
prepared and attached with the field report. All benchmarks will be located in sites that
should remain stable and undisturbed throughout project construction activities and
will be constructed as per specifications.

Bench mark levelling shall be conducted precisely using appropriate tools. Each
survey section shall be levelled in two directions and the difference in levels shall not
exceed 7 Yk mm where k is the distance between benchmarks in kilometers.

iii) Intake/Head work Site Survey
» The location of Headworks/Dam located during system planning and rapid
appraisal shall be verified and finalized in the field using appropriate survey tool.

> Site plan for an Intake/Dam to be investigated situated on the River Bank will be
prepared (Covering total width of the river & at least 100 m both side from the
firm bank (depending upon the site condition) or 5 meters above high flood level
wherever possible or depending upon the site conditions).

\/ » The profile and cross-section will be taken 1 kip u/s and 1 km d/s of intake location
(with at least an interval of 100 m, depending uppn fayout & topography, interval can
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be shorter). All the cross section and profile of the river must show the river bed
level, high flood level mark and bank top levels.

River morphology and Sedimentation study will be carried out during field survey.

All mapping work will be performed using appropriate instrumentation and
procedures for establishing control, field data acquisition, and compilation in
accordance with the functional accuracy requirements to include all quality control
associated with these functions.

» Topographic and Planimetric feature detail maps will be compiled at a target scale

of 1:1000 for the head works upto storage limit,

» Planimetric feature detail will be compiled in accordance with the horizontal

accuracy.

Contours will be developed at 0.25 m intervals for Terai and 0.5 m or 1.0 m
intervals (for terrain slope < 10°, contour interval 0.50 m and for terrain slope >10°,
contour interval 1.0 m) for hill.

iv) Discharge Measurement
The discharge measurement will be done at the headwork/intake location, using
appropriate methods.

v) Canal Alignment Survey

General activities and extent of survey works during the canal alignment survey shall
be as follows:

> Initially, a baseline shall be established for L-section survey along the refined

»

-Q% N W/W'/%wf‘

canal alignment by marking on the ground the turning points and other reference
points using wooden pegs or concrete pillars as appropriate. Then the longitudinal
survey at an interval of 50 m along the proposed canal alignment shall be done
using level instrument and tape.

X-Section survey along the proposed canal alignment with reference to the
baseline and the BMs shall be carried out using level instrument and tapes. The X-
sections shall be taken at an interval of not exceeding 100 m in Terai and at an
interval of 50m in Hill along the alignment or at closer intervals in case of sharp
changes in the topography. In case of steep area, the X-sections shall be taken
suitably by other methods. The width of each of the X-Sections shall cover an area
at least 100 m to the left and 100 m to the right in case of Main Canal and at least
50 m to the left and 50 m to the right in case of other canals of the proposed canal
alignment in Terai and cover suitable width in both left and right direction as
permitted by terrain slope in case of hill. Each of the X-sectional readings shall
bear latitude and longitude values along with elevation, which shall be compatible
to the available topographic maps.

Off-take points from the canal under consideration shall be located. For this, walk
through along with the project representatives and beneficiary farmers/ shall be

ma; along the canal alignment to identify and finalize the off-take poixts. Process
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shall be repeated for all the canals under consideration. The finalized off-take
points shall then be marked and superimposed on the topographic maps.

% In the course of the walkthrough important structures of the systems shall be
located and marked.

vi) Command area survey
Closed Traverse Survey of the command area indicating Gross Command Area,

Culturable Command Area including minor canals network and other important
physical features will be carried out.

Feature and terrain data should be delivered in both hard copy and digital
format.
The detailed survey will be completed in four parts;
| Benchmark Survey (Closed loop traverse)
2. Topographic Survey
3. Command Area Survey (Closed loop traverse)
4. Profile and Cross-Section Survey

1. Bench Mark Survey
In the first step of the survey, Surveyor needs to start vertical & horizontal control

point survey by closed traverse. All of the calculations for error adjustments and
distribution of errors will be carried out properly; once the benchmark is finalized, the
Surveyor should proceed with the second step. The benchmarks will be established in
every 50 ha and at permanent structures or as per requirement. All benchmarks will be
located in sites that should remain stable and undisturbed throughout project
construction activities and will be constructed as per specifications.

2. Topographic Survey

Once control points (benchmarks) are fixed, the Surveyor will start topographic
surveys that will also cover fixing of alignment (for new canal/embankments). The
topographic map will be prepared in soft and hard copies. All of the readings (co-
ordinate readings) will be submitted in Excel Spreadsheet form or as per requirement.
Interpolation for contours should comply with the actual site conditions and accurately
reflect changes in slopes and ground configuration. Topographic surveys in structure
locations should be detailed and complete, to accurately reflect conditions and

elevations related to design requirements.

3. Command Area Survey
A closed loop traverse survey will be carried out to find the Gross Irrigable Command

Area and Net Cultural Command Area. In the command area map all minor
(secondary/sub secondary) canals and other important physical features should be

shown.

4. Profile and Cross Section Survey
Along the finalized alignment, the profile and|crogs-section survey will be carried out
ndently to the topographic survey atjan interval but not limited to 50 m.
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Whenever alignment crosses special features (Structures, Depressions or other
geographical features etc.), the closer cross-sections of that portion(i.e. u/s and d/s of
structure) must be taken. The plotted profile and cross section will be prepared in soft
and hard copies along with data in excel spread sheets.

Detail cross section and profile for the cross drainage work will be carried out
independently clearly indicating drain/river bed level and high flood level as
mentioned above. Similarly, detail cross section and profile for the settling basin
location/s will be carried out independently.

vii) Geological Study & Geomorphologic study
In this study the following points related to river, its catchment area and all the
considered head work (Dam)/canal alignment/command area will be studied in detail.

i)  Topography

i) Nature and structure of the surface soil

iii) Nature and structure of local as well as regional geology
iv) Possibility of change of catchment

v) Nature, size and quantities of debris carried by the river
vi) Intensity, duration and distribution of rain in the catchment
vii) Vegetation, cultivation etc. of the catchment

viii) Existence of reservoirs, lakes etc in the catchment

ix) Existing and/or existed head work/intake/canal alignment or other hydraulic
structures across the river/drainage in the vicinity of the proposed head work
site with their details as much as possible. If the proposed head work/canal is
suggested to build in lieu of the existing/damaged structure, the salvage value
of the same must be worked out and provided in the report

x)  Other information as per need

viii) Hydro- meteorological Study

Hydro-meteorological survey is one of the important tasks for assessing crop water
requirements of various crops to be proposed in the project arca and the design flood
discharge of the headworks/drain crossings. Under this task, relevant hydro-
meteorological data of the rivers/drains will be collected, if they are gauged, from
secondary sources (published and unpublished data of DHM). The long-term data of
these rivers shall be collected and the low flow as well as flood discharge will be
analyzed. The hydrological analysis of these river systems shall be carried out with
the help of frequency analysis in case the long-term data are available. In case of
absence of long-term data, other methods such as regional, rational, or empirical
methods shall be adopted to analyses the hydrological information. Climate change
risks shallpe assessed, adaptation measures to climate proof infrastructyfes shall be

s
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suggested and climate risk assessment report shall be prepared.

Beside collection of hydro & meteorological data from DHM, for determination of all
design data the hydrologist will carry out a detailed hydrometrical survey and
hydrological study of the river along with the headwork/intake and cross drainage site
which will include but not limited to the following:

» Catchment area of the river up to head work/intake and cross drainage site
> Length of the river from origin up to head work/intake and cross drainage site

> Slope of the river from the critical point (origin) of the river up to head work/
intake site and cross drainage site

» Cross-sections covering 100 m beyond flood lines/firm bank (depending on site
condition) of the river at proposed head work/intake site, at about 1000 m up-
stream and 1000 m down-stream wherein High Flood Level (HFL), Low Water
Level (based on local enquiry, LWL), Lowest Bed Level (LBL), area of cross-
section, and geological profile with silt factor of each strata (at proposed head
work/intake site only) shall be indicated. However, the scale of the drawing for
horizontal and vertical should be the same.

» The drawing should include the slope of the river at the proposed head work/
intake axis which should be extended 1000 m U/S and 1000 m D/S along the
thalweg (lowest level) of the river

» Maximum discharge shall be calculated by established formulas with 50 yr/100 yr
return periods

» 80% reliable flow of the source river at headworks/intake site shall be calculated.

» The peak discharges calculated for a returned of 50/100-years shall be taken as a
maximum discharge

> Area of flow, velocity and depth of the flow at the time of survey (for Discharge
Calculation) and sediment concentration for design of dam for possible siltation.

Study of horizontal & vertical shifting of the river

» Other information required for river control, design, construction and/or
maintenance of the head work/dam/intake and cross drainage

ix) Environmental Study S

The most suitable site for the headwork/canal alignment based on the above
characteristics of the site as well as the catchment area will be selected. The selected
site will be clearly indicated in the map and all the characteristic features of the chosen
head work site/ canal alignment will be given, in order to facilitate easy reference
while designing the head work/canal. The environmental study will be carried out i.e.
identifying the environmental changes due to the proposed structures and the outcomes
of the study need to be presented clearly in the form of recommendations and
subsequently be considered in detail designﬂwm Environmental Safeguard
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Vulnerable area of landslide/soil erosion will be evaluated & mitigation measures will
also be proposed.

X) Socio-Economic Study

The socio-economic survey will be carried out to determine the social structure of the
community and its economic status. The survey includes the collection of quantitative
and qualitative data and information on social structure, socio-cultural institutions, and
economic activities of the farmers of the scheme command area. Some of social and

economic indicators of the community are as follows:
Social indicators:

* Willingness/commitment- verbal request, formation of committee, submission
ofrequest form;

* Social composition- homogeneity, diversity;

* Education- literacy, school and college, awareness about irrigated agriculture,
prior experience on irrigation;

* Rural organization- Parma, Guthi, etc;
* Family size- male/female, economically active members,

* Migration- temporary, permanent, foreign/urban areas;

e Economic indicators:

* Land holding size- land less, marginal land holding (for Terai < 1 ha & for hills
<5 ropani), land lords (for Terai> 10 ha & for hills > 2 ha);

* Main occupation- agriculture, service, labor, foreign service, business;
e Source of income- agriculture, service, remittance etc;
e Standard Formats will be used

* Expenditure- food, cloth, schooling, festivals, livestock, agriculture

Social Safeguard (SS) Studies & Gender Equality and Social Inclusion (GESI) studies
will be carried out complying Social Safeguard & GESI guidelines prepared for
Department of Irrigation.

With reference to above guidelines, Indigenous People (IP) inventory &

Involuntary/Voluntary Resettlement (IR) plan, and Gender Action Plan (GAP) will be
prepared.

An assessment of activities of WUA will be made, if exists; if a WUA doesn’t exist,
what is the possibility of creating a viable WUA?

With interaction with beneficiary farmers/Municipalities records, the number of
beneficiary households/population, woman headed HH/population and presence of

marginalized farmers, disadvantage group, landless population, land holding size, land
use will be evaluated.

With interaction with beneficiary farmers/ Municipalities, the average income of the
project area & other economic parameters will be assessed, including seasonal
migration/permanent migration, education level & othef source of income than
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agriculture, percentage of population involve in agriculture, gross income from
agriculture & other business.

xi) Agriculture Survey
For Irrigation schemes agricultural survey will include data and information regarding

the soil type, land use and agriculture practices of the command area to be proposed.
The soil survey will include the assessment of the type of soil in the command area
and its suitability for irrigated agriculture. The soils may be alluvial, sandy, gravel and
boulder mixed.

The land use survey will include the general assessment on land use in the command
area which may classify in percent the agricultural land, forest land, grazing land,

wetlands, National Parks and reserve forest area.

The agriculture survey includes the collection of data and information on:
e Existing cropping pattern,
e Existing crop yields,
e Inputs used and its availability,
e Marketing facility and labor situation
e Food Security
o Existing & Anticipated Irrigation/Water Management Practices

e Accessibility

xii) Construction Material Survey
Borrow Pits: Borrow pits may be situated on both sides of the embankment

depending on the availability of the soil. It shall be located in places approved by the
client, but shall not be within ten (10) metres from the toe of a completed embankment
or other works. Possibility of utilizing the borrow pits in future as fish ponds by the
owners of the land shall be explored. In case the owners wish to use borrow pits as fish
ponds, the depth of the pits may be up to 3 m. In such cases, the borrow pits shall not
be continuous over lengths of more than 100 m. A strip of no less than 30 m at the
level of the original ground shall be left between the pits. In other cases, borrow area
shall be arranged in such a manner that the ground elevation of so arranged borrow
areas will be more or less the same as the neighboring area, so that rain water will not
stagnate in the borrow areas. The required type of tests of borrow material shall be

carried out as per standard set by the project.

Other construction materials:
Source of other natural construction materials, such as course and fine aggregates,

sand. stone etc shall be explored in the vicinity of construction sites as far as possible.
The required of tests of these materials shall be carried as per standard set by the

project.

1.2.2.1.4. DATA ANALYSIS, EVALUA TION AND DESIGN

&

The detailed data obtained from field survey and investigatiop shall be analyzed and
valuated yith respect to:
o |
b @' 1
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* Available discharge in the source river for round the year irrigation.
* Type of Dam and height of Dam

e Storage Capacity

* Submergence area

* Safety of Dam/intake with respect to surface flow, sub surface flow and
floatation

* Type and Capacity of Spillway

*  Operation and Maintenances Plan of Dam with due consideration of Maximum
Design flow and spillway capacity

* Gravity pipe/open canal system or lift system

* Existing cropping pattern and cropping intensity

* Incorporation of other existing/pipe lined/potential surface/ground water
irrigation systems in the planning and designing of this study

¢ Conjunctive use of ground and surface water.

1.2.2.1.5. DETAIL COST - ESTIMATE

Approved District Rates for labor and materials at the project sites will be collected or
analyzed. Detail rate analysis, detail quantity & cost estimates along with bill of
quantity (BOQ) will be prepared.

1.2.2.1.6. ECONOMIC ANALYSIS

Crop Budget without and with [rrigation System will be prepared and Benefit/Cost
Ratio and Economic Internal Rate of Return (EIRR) will be evaluated; Conclusion and
Recommendation will be made based on economic & other indicators.

1.2.2.1.7. TENDER DOCUMENTS AND PROCUREMENT PLAN

* Procurement risk assessment shall be carried out.

¢ Capacity of national contractors shall be assessed for executing works of similar
nature and size.
* Procurement plan including packaging of works (NCB and/or ICB, as per
requirement) with estimated time and cost shall be prepared.
* Bidding documents following national and/or international practices shall be
prepared.
1.2.2.1.8. ANNEXES

Annexes will include details of compiled data, designs and calculations, bidding
drawings, minutes of community meetings and consent letters of land donatio
besides that photographs of sites/location (Intake, command area,
community meeting) will be4ncluded. Total station/GPS data will be i hard
copy.
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1.2.2.1.9. STUDY TEAM

am for field and office work shall consists of minimum but not limited,

The working te
with adequate supporting Human Resources.

to the following key personnel together

Personnel

Professional Staff

1 Team Leader/Civil Engineer
G

2 cotechnical Engineer/Civil Engineer

3 Hydrologist

4 \ RS/GIS Expert
B Supporting Staff

Agronomist

Sociologist

Economist

Sub Engineer

Auto Cad Expert

Assistant

Office assistant

Prism man

I I 0 I 0 I R A o e

1
2
3
\7 GESI Expert
5
6
7
8
9
1

0 Labour
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1.3. INTERBASIN TRANSFER MULTIPURPOSE IRRIGATION PROJECTS

Note : This section covers all components of Interbasin Transfer Multipurpose Irrigation
Projects till tail race or H/W site of Canal intake. Field work and desk work related to H/W site
of Canal Intake, settling Basin, Command area, Canal Alignment, Cross Drainage Works; etc
shall refer from Section 1.1. ROR Schemes and Pond Irrigation from respective stage of study.

1.3.1. IDENTIFICATION OF INTERBASIN TRANSFER MULTIPURPOSE IRRIGATION
PROJECTS
Field Work

— i- Human Resources required:

Team leader/Water Resource Expert 1

Hydropower Engineer 1

Hydraulic Design Engineer 1

Geologist ]

Environment Engineer |

Transmission line Engineer |

Sociologist 1

Surveyor I
RS/GIS Expert |
= Hydrologist 1

Sociologist 0.50
Supporting Staff 2
Labour 4

ii- Performance criteria:

All Projects 7 days

Office Work
1.3.1.1.1. Compilation, Analysis and Report presentation

i- Human Resource required:

Team leader/Water Resource Expert 1
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Hydropower Engineer I

Hydraulic Design Engineer 1

Geologist 1
Environment Engineer 0.5

Electrical Engineer 1
Transmission line Engineer 0.5
Surveyor 0.25

RS/GIS Expert I

Draft Person 1
Financial Analyst 0.5

Hydrologist 1
Sociologist 0.5
Construction Planner 0.25
Road Engineer 0.25

Office Assistant 1

ii- Performance criteria:
All Projects 21 days
1.3.1.1.2. Office space, Office and Field Equipment

Field Equipment, Field Consumables and
office space, office equipment such as
Computer, Scanner, Photocopy, Printer,
Plotter, Toner, Cartridge, Binder, Stationary,
All Consumables etc

15 % of Total Cost of Human
Resources (Office+ Field)

1.3.1.1.3. Transportation

Estimate for travel expenses shall be made based on means of transportation,
market rate of transportation means and days required for travelling(to reach the

field (work site) and return back).
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TERMS OF REFERENCE FOR IDENTIFICATION OF INTERBASIN TRANSFER
MULTIPURPOSE IRRIGATION PROJECTS

1.3.1.1.4. GENERAL:

Department of Electricity Development (DoED) has prepared and issued the national
standard guidelines for studies of hydropower projects in Nepal. The DoED
Guidelines, in general, cover the scope of work in defined formats for different phases
of studies and also provide specific details for each of the phases. The Guidelines have
categorized the study phases in following manners:

¢ Reconnaissance/Preliminary or Desk Study

e Pre-feasibility Study

e Feasibility Study and

e Detailed Design Study

It has been assumed that scope of hydropower component studies (different phases of
studies as mentioned above) cover the study work from headworks (Dam, weir/barrage

- ) up to the tail race of power house and from there the study fall under the scope of
irrigation component studies.

1.3.1.1.5. IDENTIFICATION/ RECONNAISSANCE/ DESK STUDY:

Hydropower studies often start from a reconnaissance or desk study phase where a
quick assessment is made to determine whether a full feasibility study of the project
should be carried out. This is because feasibility studies of a hydropower project
require more time and investments based on the size of the project. A multi-
disciplinary team of experts is required to carry out the feasibility study. Similarly, a
- number of investigations and tests (flow measurements, sediment analysis and
geophysical tests etc.) have to be carried out during the course of the study.
The desk study, on the other hand, is done based on available information about the
- site, although a quick site visit is also sometimes carried out. If the findings of the desk
study indicate the project could be technically feasible and financially viable, then a
full feasibility study (or a pre-feasibility study) can be carried out.
The identification/reconnaissance or desk study report, for all capacity ranges and
types, should include at a minimum, the following salient features of the project with
following information:
1. Project location including boundary points (four corners) of the project area in
longitude and latitude.
2. Basic information about the river hydrology such as catchment area, expected mean
annual flow, minimum mean monthly discharge and proposed design discharge.
— 3. Proposed project components with design parameter
a. Dam/weir location and type, type of intake (side, frontal) weir, side intake,
settling basin Settling basin: length, width and number of chambers.
_ b. Details about other waterways such as headrace tunnel, headrace canal or pipe,
' forebay or surge shaft and penstock pipe.
Powerhouse: tentative dimensions of the structures and whether this [wi
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surface or underground type of structure
d. Generating units: number of turbine/generator units, type and capacity
Transmission line: estimated length to interconnection point in the national

electricity grid and voltage level.

Power and energy estimate:
a. Gross head

b. Installed capacity
c. Total annual encrgy
d. Total dry energy
e. Total wet energy

If based on the information available, the installed capacity cannot be ascertained, then

a feasible range for the capacity can also be proposed. The proposed layout should be

tentatively shown on the available topographic map.

The requested study area coordinates should also be shown in this topographic map. A

brief description of the regional geology, as well as the geology of the project area,
should be provided. This should also include discussions on seismicity in the project
site. Based on current market prices or unit cost of recently built hydropower plants in
the vicinity of the project area (or in similar areas), attempts should be made to
estimate the cost of the proposed project. Based on estimates of energy generation and
project cost, the desk study should recommend whether a full feasibility study should
be carried out.

Similarly, any environmental study (IEE or EIA) that is required according to the
prevailing acts of the Government of Nepal should be mentioned. If there are water
sharing issues in the project area or downstream requirements, these issues should also

be mentioned in the study.

1.3.1.1.6. MODE OF PAYMENT

Mode of Payment for consulting services shall be decided by the Client based on the
duration of services, stage of reporting, prevailing procurement rules and regulations,
donor agencies’ guidelines, if any, and availability of funds.
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1.3.2. PRE-FEASIBILITY STUDY OF INTERBASIN TRANSFER MULTIPURPOSE
IRRIGATION PROJECTS

Field Work
1.3.2.1.1. Headwork Site, Intake and Settling Basin

A. Site Selection
i- Human Resources required:

Team Leader 0.1 _

Hydropower Engineer 1

Geologist 1 -
Dam Expert 1
Hydrologist 1

Surveyor 1 N
Sociologist 1

Environmental Expert 1

Civil Engineer 5

Sub-Engineer/Assistant Geologists/ Assistant 1 N
Hydrologists/Assistant Surveyor

Assistant 2

Labour 4
ii- Performance criteria:

River Width <25 m 2 day
River Width 25-100m 2.5 day
River width > 100m 3 day

B. Benchmark survey —
i- Human Resources required:

Hydropower Engineer 0.1 -

Surveyor 1

Civil Engineer 1

Sub-Engineer/Assistant Geologists/ 2
Assistant Hydrologists/Assistant Surveyor
Assistant 2 =
Labour 4

o 129




Study Norms, 2081
Department of Water Resources and Irrigation

ii- Performance criteria:

All Projects 10 BM/Day

C. Geological Survey
= i- Human Resources required: -

Hydropower Engineer 0.1
- Geologist 1 -
Engineering Geologist/ Geotechnical 0.1
- Engineer L
Assistant 1
Labour 4
- ii- Performance criteria: -
B All Projects 1 Sq. Km/day B

D. Hydrological Survey
- i- Human Resources required:

Hydropower Engineer 0.1

B Hydraulic Engineer 0.1 B
Hydrologist 1

- Civil Engineer 3 -
Assistant 1

- Labour 3 —

ii- Performance criteria:
. All Projects 2 days -

— E. River Morphology & Sedimentation -~
i- Human Resources required:

= Geologist 1 -

Hydraulic Engineer 0.1

- Structural Engineer 0.1

Hydrologist

- -

CATECEE T .

o
/4

——




Study Norms, 2081
Department of Water Resources and Irrigation

Surveyor 1

Civil Engineer 6

Assistant 1

I Labour 3

ii- Performance criteria:

All Projects 2 days

1.3.2.1.2. Canal Alignment/Tunnel Alignment

A. Site Selection
i- Human Resources required:

Team Leader 1
Hydropower Engineer 0.1
Geologist 1

Hydrologist 1

Electrical Engineer 1
Construction Planner 1
Surveyor 1

Sociologist |
Environmental Expert 1

Civil Engineer 4
Sub-Engineer/Assistant Geologists/ 1

Assistant Hydrologists/Assistant Surveyor

Assistant 1

Labour 4

ii- Performance criteria:

All Projects Skm/day

/
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B. Benchmark survey
i- Human Resources required:

Hydropower Engineer

0.1

Surveyor

Civil Engineer

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

Labour

ii- Performance criteria:

All Projects

5 km/day

C. Geological Survey
i- Human Resources required:

Geologist

Engineering Geologist/ Geotechnical
Engineer

0.1

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

Labour

ii- Performance criteria:

All Projects

5 Km/day

1.3.2.1.3. Surge shaft/Forebay

A. Site Selection
i- Human Resources required:

Team Leader

Hydropower Engineer

Geologist

Engineering Geologist/ Geotechnical

Q} /;@J; 4}/—/ 132 %@U
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Engineer

Hydraulic engineer

Structural engineer

Dam Expert

Hydrologist

Mechanical Engineer

Electrical Engineer

Construction Planner

Surveyor

Sociologist

Environmental Expert

Civil Engineer

CAD Expert

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

Labour

ii- Performance criteria:

All Projects

| day

B. Benchmark survey
i- Human Resources required:

Hydropower Engineer

0.1

Dam Expert

0.1

Surveyor

Civil Engineer

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

Labour




ii- Performance criteria:
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B All Projects

10 BM/day

C. Geological Survey

i- Human Resources required:

Geologist

Engineering Geologist/ Geotechnical
Engineer

0.1

Sub-Engineer/Assistant Geologists/
 Assistant Hydrologists/Assistant Surveyor

Assistant

Labour

ii- Performance criteria:

All Projects

lday j

1.3.2.1.4. Powerhouse
A. Site Selection

i- Human Resources required:

Team Leader

Hydropower Engineer

Geologist

Engineering Geologist/ Geotechnical
Engineer

Dam Expert

Hydrologist

Mechanical Engineer

Electrical Engineer

o Construction Planner

/o‘)// Sociologist
% Q\ %{k 134
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_ Environmental Expert 1
Civil Engineer 2
B Sub-Engineer/Assistant Geologists/ 1
Assistant Hydrologists/Assistant Surveyor
Assistant 1
— Labour 6 -

ii- Performance criteria:

All Projects | day

B. Benchmark survey
i- Human Resources required:

Hydropower Engineer 0.1
] Surveyor 1 Rl
Civil Engineer 1
& Sub-Engineer/Assistant Geologists/ 1
Assistant Hydrologists/Assistant Surveyor
N Labour - -

ii- Performance criteria:

All Projects 10 BM/day

C. Geological Survey
i- Human Resources required:

Geologist 1
Engineering Geologist/ Geotechnical 0.1
— Engineer
Sub-Engineer/Assistant Geologists/ 1
Assistant Hydrologists/Assistant Surveyor
] Assistant 1
Office Assistant 1
~ Labour 6 —

5 13 »
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- ii- Performance criteria:

All Projects 1 sq km/day

1.3.2.1.5. Tailrace Tunnel/Canal

A. Site Selection
i- Human Resources required:

g Team Leader 1
Hydropower Engineer 1 B
Geologist 1
» Engineering Geologist/ Geotechnical 1 -
Engineer
- Hydraulic engineer 1 o
Structural engineer 1
- Dam Expert 1
Hydrologist 1 N
Mechanical Engineer 1
' Electrical Engineer 1 T
Construction Planner 1
- Surveyor 1 -
Sociologist 1
e Environmental Expert 1 —
Civil Engineer 5
- Sub-Engineer/Assistant Geologists/ 1 _
Assistant Hydrologists/Assistant Surveyor
Assistant 1
- Labour 6 e

ii- Performance criteria:

B All Projects
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B. Benchmark survey
i- Human Resources required:

[ Hydropower Engineer 0.1
Surveyor 1
Civil Engineer 1
Sub-Engineer/Assistant Geologists/ 1 7
Assistant Hydrologists/Assistant Surveyor |
Labour 4 7

ii- Performance criteria:

| All Projects 10 BM/day ]

C. Geological Survey
i~ Human Resources required:

Geologist 1

Engineering Geologist/ Geotechnical 0.1
Engineer
Sub-Engineer/Assistant Geologists/ |
Assistant Hydrologists/Assistant Surveyor
Assistant 1

Labour 6

N

ii- Performance criteria:

All Projects 3 km/day j

1.3.2.1.6. Penstock Alignment

A. Site Selection
I-  Human Resources required:

Team Leader 1 j}

Hydropower Engineer 1 7

Geologist 1 7

Engineering Geologist/ Geotechnical I 7
Engineer
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r Structural Engineer 1

Mechanical Engineer

Civil Engineer

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

Labour

ii- Performance criteria:

E All Projects 1 day j

B. Benchmark survey
i- Human Resources required:

Hydropower Engineer 0.1

r Surveyor
\' Civil Engineer I

|

l

|

Sub-Engineer/Assistant Geologists/ 1 {
|

Assistant Hydrologists/Assistant Surveyor

L Labour 4
r

ii- Performance criteria:

All Projects 10 BM/day

C. Geological Survey
i- Human Resources required:

Geologist

Sub-Engineer/Assistant Geologists/

Assistant Hydrologists/Assistant Surveyor J

Assistant

Labour

ii- Performance criteria: ‘
\/ y) All Projects
B /-
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1.3.2.1.7. Study of Water Recipient River

A. Geological Survey
I i~ Human Resources required:

Hydropower Engineer

0.1 ]

Geologist

Engineering Geologist/ Geotechnical
B Engineer

0.1

Dam Expert

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

Labour

ii- Performance criteria:

L All Projects

5 km/day ]

B. Hydrological Survey
i~ Human Resources required:

Hydropower Engineer

0.1

Hydraulic Engineer

B Dam Expert

Hydrologist

Civil Engineer

Assistant

Labour

ii- Performance criteria:

— L All Projects ’

, N

2 days T
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C. River Morphology and Sedimentation
i- Human Resources required:

Hydropower Engineer 0.1
Hydraulic Engineer 1
Structural Engineer 0.1 '
Dam Expert 1
Hydrologist 1
Surveyor 1
Civil Engineer 6
Assistant 1

E Labour 3

ii- Performance criteria:

r All Projects 2 days J

1.3.2.1.8. Transmission Line (Power Supply and Evacuation)

A. Electrical Survey
i-  Human Resources required:

Hydraulic Engineer 0.1
Dam Expert 1
Hydrologist 1

Electrical Engineer 1

Civil Engineer 3
Assistant 1
Labour 3

ii- Performance criteria:

li //) All Projects 5 km/day j
W @ /
v, 7
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B. Geological/Geotechnical Survey
i-  Human Resources required:

f Team Leader 1 7

Engineering Geologist/ Geotechnical
Engineer

Assistant

1
o L Labour 4

ii- Performance criteria:

0.1

L All Projects 5 km/day T

Office Work
1.3.2.1.9. Compilation and Report Preparation

i- Human Resources required:

Team Leader

Hydropower Engineer 1

Geologist 1

Engineering Geologist/ Geotechnical 1
B _ Engineer

Hydraulic Engineer |

Hydrologist 1

Mechanical Engineer 1

L Electrical Engineer 1

ii- Performance criteria:

N 5 days [rrigation Project without Hydropower component
10 days Irrigation Project with Hydropower <5 MW
20 days Irrigation Project with Hydropower 5 -20 MW
B L 30 days Irrigation Project with Hydropower >20 MW
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1.3.2.1.10. Socio Economic Analysis

i- Human Resources required:

Study Norms, 2081

Department of Water Resources and Irrigation

Team Leader 1 j
Surveyor 1 J
Agronomist 1 J
Sociologist 1 J
r Economist 1 41
L Office assistant 1 J
{i- Performance criteria:
\f 2 days Irrigation Project without Hydropower component J
3 days Irrigation Project with Hydropower <5 MW
5 days Irrigation Project with Hydropower 5 -20 MW
7 days j Irrigation Project with Hydropower >20 MW

1.3.2.1.11. Rate Analysis and Cost Estimation

J@@m\‘/

i- Human Resources required:

Team Leader

Hydropower Engineer

Engineering Geologist/ Geotechnical
Engineer

Hydraulic Engineer

Structural Engineer

Mechanical Engineer

Sociologist

|
:

Electrical Engineer
Construction Planner

Economist

Civil Engineer

CAD Expert

Sub-Engineer/Assistant Geologists/

Assigfant Hydrologists/Assistant Surveyor

/é/\ 142
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Office assistant

ii- Performance criteria:

1 days Irrigation Project without Hydropower component
2 days Irrigation Project with Hydropower <5 MW

3 days Irrigation Project with Hydropower 5 -20 MW

5 days Irrigation Project with Hydropower >20 MW

1.3.2.1.12. Report Preparation and Printing

i- Human Resources required:

Team Leader

Hydropower Engineer

Engineering Geologist/ Geotechnical
Engineer

Hydraulic Engineer

Structural Engineer

Mechanical Engineer

Electrical Engineer

Construction Planner

Sociologist

Economist

Civil Engineer

CAD Expert

Sub-Engineer/Assistant Geologists/

Assistant Hydrologists/Assistant Surveyor

Office assistant

ii- Performance criteria:

2 days Irrigation Project without Hydropower component

3 days Irrigation Project with Hydropower <5 MW

5 days Irrigation Project with Hydropower 5 -20 MW

7 days Irrigation Project with Hydropower >20 MW

.
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1.3.2.1.13. Geotechnical Investigation

Geophysical Investigations (seismic or electrical or electromagnetic) at main structural
locations i.e. axis of headworks, settling basins, tunnel entry and exit portals, faults,
shear zones, folds along tunnel alignment or other location, surge shaft/ forebay,
penstock alignment, power house, tailrace and other geological abnormalities that
shall be encountered during the construction of the project shall be carried out as per
the norms of geophysical investigation that gives the subsurface information up to the
depth of 30m.

1.3.2.1.14. Office Space and Office and Field Equipment

Field Equipment, Field Consumables and 15 % of Total Cost of Human
office space, oftice equipment such as Resources (Office+ Field)
Computer, Scanner, Photocopy, Printer,

Plotter, Toner, Cartridge, Binder. Stationary,

All Consumables etc

1.3.2.1.15. Transportation

Estimate for travel expenses shall be made based on means of transportation, market
rate of transportation means and days required for travelling (to reach the field (work
site) and return back). Local transportation facility shall also be provisioned, if
required. In case of International Expat provision shall also be made for his/her
transportation from country of origin to and from Nepal.

Note 1: Guidelines for Study of Hydropower Projects prepared by Department of Electricity

Development (DoED) shall be referred for the Terms of Reference and scope of work for the Pre-

Feasibility Study.
Note 2: Survey related to Command area like Area verification survey, Agricultural Survey,

Agricultural Soil Survey, Socio-Economical Survey and others as per required shall be followed

from 1.1 ROR Schemes and Pond Irrigation respective level of Study

(/ A
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1.3.3. FEASIBILITY STUDY OF HYDROPOWER /INTERBASIN TRANSFER
COMPONENT OF MULTIPURPOSE/ IRRIGATION PROJECTS

Field Work
1.3.3.1.1. Headwork Site and Intake

A. Site Selection —~
i- Human Resources required:

Team Leader ]

Hydropower Engineer 2

Geologist |

Engineering Geologist/ Geotechnical 1
Engineer

Hydraulic Engineer 2 ' =

Structural Engineer 1

Dam Expert 1 —

Hydrologist |

Mechanical Engineer 1

Electrical Engineer 1

Construction Planner 1
Surveyor 1
Sociologist 1

Environmental Expert 1

Civil Engineer 5
CAD Expert 1 B

Sub-Engineer/Assistant Geologists/ Assistant |
Hydrologists/Assistant Surveyor

Assistant 3
Labour 8

ii- Performance criteria:

River Width <25 m 2 day
River Width 25-100m 2.5 day -
River width > 100m 3 day
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b B. Layout survey
' i- Human Resources required:

- Team Leader 0.1
Structural Engineer 0.1
[ Surveyor 1
Civil Engineer 1
Sub-Engineer/Assistant Geologists/ 1
- Assistant Hydrologists/Assistant Surveyor
Assistant 1
s Labour 4
ii- Performance criteria:
- All Projects 0.5 sq km/day

— C. Topographic survey
i- Human Resources required:

- Team Leader 0.1

Hydraulic Engineer 1

Surveyor 1

Sub-Engineer/Assistant Geologists/ I
Assistant Hydrologists/Assistant Surveyor

- Assistant |
Labour 4

ii- Performance criteria:

All Projects 0.2 sq.km/day

D. L-Sec & X-Sec Survey
i- Human Resources required:

Hydropower Engineer 0.1

Ll Hydraulic Engineer yn,f 0.1 V\§
:Q%% N A /g/\ %&V@/’Wﬁﬂ/}“\
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Surveyor 1

Sub-Engineer/Assistant Geologists/ 1
Assistant Hydrologists/Assistant Surveyor

Assistant 1

Labour 4

ii- Performance criteria:

L All Projects ‘_L 5 days/km :)

E. Benchmark Survey
i- Human Resources required:

Team Leader f 0.1
Hydropower Engineer l 0.1
Surveyor I
Civil Engineer 1
Sub-Engineer/Assistant Geologists/ 2
Assistant Hydrologists/Assistant Surveyor
Assistant ‘l
Labour 4 T

ii- Performance criteria:

L All Projects 5 km/day :}

F. Geological Survey
i-  Human Resources required:

o Team Leader 0.1
Hydropower Engineer 0.1

Geologist 1
Engineering Geologist/ Geotechnical 0.1

Engineer

Dam Expert 1

Assistant 1

Labour 4

o
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ii- Performance criteria:

All Projects 1 Sq.km/day

G. Hydrological Survey
i-  Human Resources required:

Hydropower Engineer 0.1

Hydraulic Engineer

Dam Expert

Hydrologist
Civil Engineer
Assistant

Labour

ii- Performance criteria:

All Projects 2 days

H. River Morphology & Sedimentation
i- Human Resources required:

Team Leader 0.1

Hydropower Engineer

Geologist
Hydraulic Engineer
Structural Engineer

Dam Expert
Hydrologist
Surveyor
Civil Engineer
Assistant

Labour
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ii- Performance criteria:

L All Projects 2 days j

1.3.3.1.2. Settling Basin /Desander

A. Site Selection
i- Human Resources required:

Team Leader 0.1 T

Hydropower Engineer 1

Geologist 1

Engineering Geologist/ Geotechnical 1 ’
Engineer

Hydraulic Engineer 1

Structural Engineer 1

Electrical Engineer 1

Construction Planner 1

Surveyor 1

Sociologist 1

Economist |

Environmental Expert 1

Civil Engineer 2
L CAD Expert |

ii- Performance criteria:

River Width <25 m 1 day
River Width 25-100m 1.5 day
L River width > 100m 2 day

Ll ] ]

B. Layout survey
i-  Human Resources required:

Team Leader 0.1

Structural Engineer 0.1

Surveyor 1

L Civil Engineer n | /
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Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

Labour

ii- Performance criteria:

E All Projects

‘ % a ';$Q-Km/Day

C. Benchmark survey
i-  Human Resources required:

Py

]

Team Leader

]

Structural Engineer

Surveyor

Civil Engineer

Hydropower Engineer 5
Hydraulic Engineer 0.1

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

—

Assistant

H

Labour

.

ii- Performance criteria:

| All Projects 10 BM/day

—

D. L-Sec & X-Sec Survey
i Human Resources required:

0.1

Hydropower Engineer

Surveyor

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

/ Labour ‘

@ \
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ii- Performance criteria:

| All Projects 5 days/km ]

E. Geological Survey
i~ Human Resources required:

Team Leader 0.1
Geologist 1

Engineering Geologist/ Geotechnical 0.1

Engineer
Surveyor 1
Sub-Engineer/Assistant Geologists/ 1
Assistant Hydrologists/Assistant Surveyor

Assistant 1
Labour 8

ii- Performance criteria:

B All Projects 3 Km/day N

1.3.3.1.3. Canal Alignment/Tunnel Alignment

A. Site Selection
i- Human Resources required:

F Team Leader | T

Hydropower Engineer 1

Geologist 1

Engineering Geologist/ Geotechnical 1
Engineer

Structural Engineer 1

Dam Expert 1

L Hydrologist I

Electrical Engineer 1

Construction Planner 1

Surveyor |

/
_/ Agronomist A L /

é%/fy/;& 151\

o

Py




Q
CovernmeS, o & Study Norms, 2081

rergy W3« pepartment of Water R d Irrigati
Noh Durb’a‘-“\% epar ment o ater Resources an rrlga 10N

(2T
~

" Sociologist
Economist
Environmental Expert

Civil Engineer
Sub-Engineer/ Assistant Geologist/Assistant

Hydrologist/ Assistant Surveyor

r Assistant
r

Ju—

|-

—

Labour l 4

ii- Performance criteria:

[: All Projects ‘ 5km/ day j

B. Layout survey
i-  Human Resources required:

‘ Team Leader 0.1

r Structural Engineer 0.1

Surveyor 1

Civil engineer 1

Sub-Engineer/Assistant Geologists/ 1

Assistant Hydrologists/Assistant Surveyor

r Assistant 1

\i Labour 4 _l

ii- Performance criteria:

r All Projects 6 Km/Day 4)

C. Benchmark survey
i~ Human Resources required:

r Team Leader 0.1 j
r

Hydropower Engineer

Surveyor

Civil Engineer

Sub-Engineer/Assistant Geologists/

e



Study Norms, 2081
Department of Water Resources and Irrigation

Assistant Hydrologists/Assistant Surveyor

Assistant 2
Labour 4

ii- Performance criteria:

All Projects 5 Km/day

D. Topographic survey
i- Human Resources required:

Team Leader 0.1
Hydropower Engineer 0.1
Surveyor 1
Sub-Engineer/Assistant Geologists/ 1
Assistant Hydrologists/Assistant Surveyor
Labour 4

ii- Performance criteria:

All Projects 0.2 sq km/day

E. Geological Survey
i- Human Resources required:

Team Leader 0.1
Geologist |
Engineering Geologist/ Geotechnical 0.1
Engineer

Sub-Engineer/Assistant Geologists/ I
Assistant Hydrologists/Assistant Surveyor

Assistant 1
Labour 6

'/ 2 14
& 4 Q;jw 1y
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Study Norms, 2081
Department of Water Resources and Irrigation

ii- Performance criteria:

All Projects 1 sq.km/day

1.3.3.1.4. Surge shaft/Forebay

A. Site Selection
i- Human Resources required:

Team Leader 1
Hydropower Engineer | B
Geologist 1
Engineering Geologist/ Geotechnical 1 -
Engineer
Hydraulic Expert 1 "
Structural Expert 1
Dam Expert 1
Hydrologist | o
Mechanical Engineer 1
Electrical Engineer 1 .
Construction planner 1
Surveyor 1 -
Sociologist I
Environmental Expert 1 -
Civil Engineer 1
CAD Expert 1 |
Sub-Engineer/Assistant Geologists/ 1
Assistant Hydrologists/Assistant Surveyor
Assistant ) 1 —
Labour 6

ii- Performance criteria:

All Projects

% &




Study Norms, 2081
Department of Water Resources and Irrigation

B. Layout survey
i- Human Resources required:

Team Leader 0.1
Structural Engineer 0.1
Surveyor |

Civil engineer |

Sub-Engineer/Assistant Geologists/ I
Assistant Hydrologists/Assistant Surveyor

Assistant 1

Labour 4

ii- Performance criteria:

All Projects 0.5 Sgkm/day

C. Benchmark survey
i- Human Resources required:

Team Leader 0.1

Hydropower Engineer 0.1

 Dam Expert 0.1
Surveyor 1

Civil Engineer 1

Sub-Engineer/Assistant Geologists/ I
Assistant Hydrologists/Assistant Surveyor

Assistant 1

Labour 4

ii- Performance criteria:

All Projects 10 BM/day

D. Topographic survey
i- Human Resources required:

Team Leader 0.1

Hydropower Engineer 0.1
155
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Study Norms, 2081

Department of Water Resources and Irrigation

Surveyor

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Labour

ii- Performance criteria:

All Projects

0.2 sq km/day

E. Geological Survey
i- Human Resources required:

Team Leader

0.1

Geologist

Engineering Geologist/ Geotechnical
Engineer

0.1

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

Labour

ii- Performance criteria:

All Projects

lday

1.3.3.1.5. Powerhouse

A. Site Selection
i- Human Resources required:

Team Leader

Hydropower Engineer

Geologist

Engineering Geologist/ Geotechnical
Engineer

Dam Expert

Hydrologist
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Department of Water Resources and Irrigation

Mechanical Engineer 1 j

Electrical Engineer 1

Construction planner 1

Agronomist 1

Sociologist 1

Economist ]

Environmental Expert 1

Civil Engineer 2

]

Sub-Engineer/Assistant Geologists/ |
Assistant Hydrologists/Assistant Surveyor

Assistant 1

Labour 6
L

ii- Performance criteria:

L All Projects 1 day :}

B. Layout survey
i~ Human Resources required:

Team Leader 0.1

Structural Engineer 0.1
Surveyor 1
Civil Engineer 1

Sub-Engineer/Assistant Geologists/ 1
Assistant Hydrologists/Assistant Surveyor

Assistant |
Labour 4
ii- Performance criteria:

E All Projects ’ o-Ss G Kn/ Day T

A ox
G
C. Benchmark survey

i~ Human Resources required:

E Team Leafier 0 J 0.1 / j
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Study Norms, 2081
Department of Water Resources and Irrigation

Hydropower Engineer

Surveyor

Civil Engineer

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

Labour

ii- Performance criteria:

E All Projects 10 BM/day j
D. Topographic survey
i~ Human Resources required:
Team Leader 0.1
Hydropower Engincer 0.1
Surveyor 1
Sub-Engineer/Assistant Geologists/ 1
Assistant Hydrologists/Assistant Surveyor
Labour 4
ii- Performance criteria:
All Projects l 0.2 Sq km/day

L

E. Geological Survey
i Human Resources required:

Team Leader

Geologist

Engineering Geologist/ Geotechnical
Engineer

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

/ Labour




Study Norms, 2081
Department of Water Resources and Irrigation

ii- Performance criteria:

All Projects I sq km/day

1.3.3.1.6. Tailrace Tunnel/Canal

A. Site Selection
i- Human Resources required:

Team Leader 1

Hydropower Engineer 1

Geologist 1

Engineering Geologist/ Geotechnical 1
Engineer

Hydraulic Engineer 1

Structural Engineer 1

Dam Expert 1

Hydrologist 1

Mechanical Engineer 1

Electrical Engineer 1

Construction planner 1

Surveyor 1

Sociologist 1

Environmental Expert 1

Civil Engineer 5

Sub-Engineer/Assistant Geologists/ 1

Assistant Hydrologists/Assistant Surveyor
Assistant 1
Labour 6

ii- Performance criteria:

All Projects I day




Study Norms, 2081
Department of Water Resources and Irrigation

B. Layout survey
i- Human Resources required:

Team Leader 0.1
Structural Engineer 0.1 —
Surveyor 1
Civil Engineer 1 L
Sub-Engineer/Assistant Geologists/ 1
Assistant Hydrologists/Assistant Surveyor
Assistant 1 -
Labour 4

ii- Performance criteria:

All Projects 6 km/ Day

C. Benchmark survey
i- Human Resources required:

Team Leader 0.1

Hydropower Engineer 0.1

Surveyor 1

Civil Engineer I

Sub-Engineer/Assistant Geologists/ 1 —
Assistant Hydrologists/Assistant Surveyor

Labour 4

ii- Performance criteria:

All Projects 10 BM/day

D. Topographic survey
i- Human Resources required:

Team Leader

Hydropower Engineer

Surveyor
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Department of Water Resources and Irrigation

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

1
Labour

ii- Performance criteria:

[

All Projects

0.2 sq km/day
E. Geological Survey

]

i- Human Resources required

Team Leader

Geologist

0.1

1
Engineering Geologist/ Geotechnical
Engineer

0.1
Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

1
Assistant

Labour

ii- Performance criteria:

|

All Projects

3 km/day

1.3.3.1.7. Penstock A lignment

A. Site Selection

I- Human Resources required:

Team Leader

0.1
Hydropower Engineer
Geologist

1
Engineering Geologist/ Geotechnical
Engineer

|
Structural Engineer

Mechanical Engineer
L / Agronomist

3 ' %V -




Study Norms, 2081
Department of Water Resources and Irrigation

|

Sociologist

Economist \

Civil Engineer \

— W | -

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

(o))

Labour

ii- Performance criteria:

All Projects 1 day

B. Layout survey
i Human Resources required:

Team Leader 0.1

Structural Engineer 0.1

Surveyor 1

Civil Engineer 1

Sub-Engineer/Assistant Geologists/ 1
Assistant Hydrologists/Assistant Surveyor

Assistant 1

E Labour 4

ii- Performance criteria:

All Projects \ 6 km/ Day

C. Benchmark survey
i Human Resources required:

[k Team Leader \ 0.1

Hydropower Engineer

Surveyor

Civil Engineer

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

r/ /] Labour \ 4}
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Study Norms, 2081
Department of Water Resources and Irrigation

ii- Performance criteria:

= All Projects 10 BM/day ]

D. Topographic survey
i Human Resources required:

r Team Leader 0.1
Hydropower Engineer 0.1
Surveyor 1
Sub-Engineer/Assistant Geologists/ |

Assistant Hydrologists/Assistant Surveyor
Labour 4

ii- Performance criteria:

L All Projects 0.2 sq km/day T

E. Geological Survey
i Human Resources required:

Team Leader 0.1

Geologist 1

Engineering Geologist/ Geotechnical 1
Engineer

Sub-Engineer/Assistant Geologists/ |

Assistant Hydrologists/Assistant Surveyor
Assistant 1
Labour 6

ii- Performance criteria:

L All Projects 3 knmv/day j

1.3.3.1.8. Study of Water Recipient River

A. Topographic survey
; i-  Human Resources required:

=07 wﬁr %@(
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O . .
sfy’;";gg\f 8 Department of Water Resources and Irrigation

\f Team Leader 0.1
r Hydropower Engineer 0.1
Hydraulic Engineer 0.1
Surveyor 1
Sub-Engineer/Assistant Geologists/ 1 ‘
Ass1stant Hydrologists/Assistant Surveyor
Assistant 1
Labour 4 \
ii- Performance criteria:
r All Projects 0.2 sq.km/day
B. L-Sec & X-Sec Survey
i Human Resources required:
r Hydropower Engineer 0.1
Hydraulic Engineer 0.1
Surveyor

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

1]

Assistant

L

Labour

HEEE RN

ii- Performance criteria:

[: All Projects 5 days/km ;}
C. Benchmark Survey
i-  Human Resources required:
Team Leader 0.1
0.1

Hydropower Engineer

Surveyor

Civil Engineer

e—n

ub- Engmeer Assistant Geologists/

stant Hydr oglsts/Assmtant Surveyor
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Department of Water Resources and Irrigation

Assistant

Labour

ii- Performance criteria:

L All Projects 5 km/day ]

D. Geological Survey
i-  Human Resources required:

Team Leader 0.1
Hydropower Engineer 0.1
Geologist 1
Engineering Geologist/ Geotechnical 0.1
Engineer
Dam Expert 1
Assistant
Labour 4

ii- Performance criteria:

L All Projects I Sq.km/day 1

E. Hydrological Survey
i-  Human Resources required:

Hydropower Engineer 0.1

Hydraulic Engineer 1

Dam Expert 1

Hydrologist 1

Civil Engineer

3
Assistant 1
3

Labour

ii- Performance criteria:

All Projects

% AN
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Study Norms, 2081

Sing? Department of Water Resources and Irrigation

F. River Morphology & Sedimentation
i-  Human Resources required:

Fﬁ Team Leader

0.1

Hydropower Engineer

Geologist

Hydraulic Engineer

Structural Engineer

Dam Expert

Hydrologist

Surveyor

Civil Engineer

Assistant

Labour

W | == |

ii- Performance criteria:

r All Projects

2 days J

1.3.3.1.9. Transmission Line (Power Supply and Evacuation)

ode7e

A. Electrical Survey
i-  Human Resources required:

r Hydropower Engineer

0.1

Hydraulic Engineer

Dam Expert

Hydrologist

Electrical Engineer

Civil Engineer

W=

Assistant

Labour

ii- Performance criteria: ‘
ngf 4«)/ é 166 \
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Study Norms, 2081

Department of Water Resources and Irrigation

B All Projects

5 km/day

B. Geological/Geotechnical Survey
- Human Resources required:

Team Leader

Hydropower Engineer

Geologist

Engineering Geologist/ Geotechnical
Engineer

Assistant

L Labour

ii- Performance criteria:

L All Projects

S km/day

1.3.3.1.10. Headwork Site and Intake

A. Site Selection
i- Human Resources required:

Office Work (Data Collection, Compilation, Conceptual Design & Report Preparation)

Team Leader

Hydropower Engineer

Geologist

Engineering Geologist/ Geotechnical
Engineer

Hydraulic Engineer

Structural Engineer

Dam Expert

Hydrologist

Mechanical Engineer

Construction Planner

Surveyor

Sociologist 0

(%,aoj

=

v
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Study Norms, 2081

Department of Water Resources and Irrigation L

L

ii- Performance criteria:

Office Assistant

Environmental Expert 1

Civil Engineer 3

Sub-Engineer/Assistant Geologists/ 1
Assistant Hydrologists/Assistant Surveyor

Assistant \ 3

T ;

River Width <25 m

3 days

River Width 25-100m

5 days

=
i
:

River width > 100m

g

7 days

B. Topographic Survey including Benchma
i Human Resources required:

rk and Layout Survey

Team Leader

Hydropower Engineer

Engineer

Geologist
Engineering Geologist/ Geotechnical

Surveyor

CAD Expert

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

0.1 -
0.1
0.1 = i
0.1
1 - -
2
2
2

Office Assistant

Assistant

ii- Performance criteria:

River width > 100m

River Width <25 m 10 days
P River Width 25-100m 15 days
L 20 days
C.

Geological Study
i.  Human Resources required:

Team Leader

Geologist

_./"
"
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Study Norms, 2081
Department of Water Resources and Irrigation

Engineer

Engineering Geologist/ Geotechnical

CAD Expert

0.1

Sub-Engineer/Assistant Geologists/

Assistant

Assistant Hydrologists/Assistant Surveyor

Office Assistant

ii- Performance criteria:

River Width<25 m

River Width 25-100m

S days

River width > 100m

7 days

10 days

D. Hydrological Survey
i-  Human Resources required

Team Leader

Hydropower Engineer

0.1

Hydrologist

0.1

Civil Engineer

Sub-Engineer/ Assistant Geologist/Assistant

Hydrologist/ Assistant Surveyor

Assistant

Office Assistant

ii- Performance criteria:

River Width <25 m

River Width 25-100m

5 days

River width > 100m

7 days

10 days

E. Design, drawing of Headworks and Associated Structures
i-

Human Resources required:

Team Leader

Hydropower Engineer

o
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{ Study Norms, 2081
e Department of Water Resources and Irrigation

[ Geologist

0.1

Engineering Geologist /Geotechnical
Engineer

Hydraulic engineer

Structural Engineer

Dam Expert

Hydrologist

Mechanical Engineer

Electrical Engineer

Construction Planner

Surveyor

0.1

Civil Engineer

CAD Expert

Sub-Engineer/ Assistant Geologist/Assistant
Hydrologist/ Assistant Surveyor

Assistant

| Office Assistant

ii- Performance criteria:

River Width <25 m

20 Days

River Width 25-100m

25 Days

River width > 100m

30 Days

1.3.3.1.11. Settling Basin /Desander

A. Site Selection
i- Human Resources required:

ﬁ Team Leader

0.1

Hydropower Engineer

0.1

Geologist

0.1

Engineering Geologist/ Geotechnical
Engineer

0.1

Surveyor

CAD Expert




Study Norms, 2081
Department of Water Resources and Irrigation

Sub-Engineer/ Assistant Geologist/Assistant 2
Hydrologist/ Assistant Surveyor
Assistant 2
Office Assistant

ii- Performance criteria:

River Width <25 m 5 Days
River Width 25-100m 7 Days
River width > 100m 10 Days

B. Geological Survey
i- Human Resources required:

Team Leader 0.1
Geologist 1

Engineering Geologist/ Geotechnical 1
Engineer

CAD Expert 2

Sub-Engineer/Assistant Geologists/ 2
Assistant Hydrologists/Assistant Surveyor

Assistant 2

Office Assistant
ii- Performance criteria:

River Width <25 m 2 Days
River Width 25-100m 3 Days
River width > 100m 5 Days

C. Hydrological Survey
i- Human Resources required:

Team Leader 0.1
Hydropower Engineer 0.1
Hydrologist - [

Civil Engineer 1

Sub-Engineer/ Assistant Geologist/Assistant 2
Hydrologist/ Assistant Surveyor

171
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Study Norms, 2081
Department of Water Resources and Irrigation -

e

Assistant
Office Assistant 2
ii- Performance criteria:
River Width <25 m 2 days
River Width 25-100m 3 days
River width > 100m 5 days

D. Design, drawing of Settling basin/Desander and Associated Structures

i- Human Resources required:

Team Leader

Hydropower Engineer

Geologist

0.1

Engineering Geologist /Geotechnical
Engineer

Hydraulic engineer

Structural Engineer

Hydrologist

0.1

Mechanical Engineer

Electrical Engineer

Construction Planner

Surveyor

0.1

Civil Engineer

CAD Expert

Sub-Engineer/ Assistant Geologist/Assistant
Hydrologist/ Assistant Surveyor

Assistant

Office Assistant

Q\//éff&

ii- Performance criteria:

River Width <25 m

2 Days

River Width 25-100m

3 Days

River width > 100m

.

5 Days
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Study Norms, 2081

Department of Water Resources and Irrigation

1.3.3.1.12. Canal Alignment/Tunnel Alignment

L5
A
3

A. Alignment Finalization
i-  Human Resources required:

Team Leader

Hydropower Engineer

Geologist

Engineering Geologist/ Geotechnical
Enginecer

Hydraulic Engineer

Structural Engineer

Hydrologist

Construction Planner

Surveyor

Civil Engineer

CAD Expert

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

Office Assistant

ii- Performance criteria:

Tunnel Length<5 Km

2 Days

Tunnel Length 5-10 km

3 Days

Tunnel Length >10 km

5 Days

B. Topographic Survey including Benchmark and Layout Survey

i-  Human Resources required:

m’)/ |
2.

V

Team Leader 0.1
Hydropower Engineer 0.1
Geologist 0.1
Engineering Geologist/ Geotechnical 1
Engineer
Surveyor 1
| CAD Expert 2
sy 17




Study Norms, 2081
f Water Resources and Irrigation

Sub-Engineer/Assistant Geologists/

Assistant Hydrologists/Assistant Surveyor

Assistant

b

ii- Performance criteria:

Tunnel Length<5 Km 5 Days
Tunnel Length 5-10 km 7 Days
10 Days

-

Tunnel Length >10 km

C. Geological Study

-

i Human Resources required:

Team Leader

Geologist

Engineering Geologist/ Geotechnical

Engineer
CAD Expert

|
"
\

Sub-Engineer/Assistant Geologists/

Assistant Hydrologists/Assistant Surveyor

Assistant

ii- Performance criteria:

(— Tunnel Length<5 Km 2 Days J
r Tunnel Length 5-10 km 3 Days
r 5 Days

Tunnel Length >10 km

D. Design, drawing

i-  Human Resources required:

Team Leader

Hydropower Engineer

Geologist

of Tunnel/Canal and Including entry and exit portal

Engineer

Engineering Geologist /Geotechnical

Hydraulic engineer

Qémﬂw
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Study Norms, 2081
Department of Water Resources and Irrigation

Structural Engineer 1 T
Hydrologist 0.1
Mechanical Engineer 1
Electrical Engineer 1
Construction Planner 1
Surveyor 0.1
Civil Engineer 4 |
CAD Expert
Sub-Engineer/ Assistant Geologist/Assistant 4
Hydrologist/ Assistant Surveyor
Assistant 2

ii- Performance criteria:

, Tunnel Length<5 Km

20 Days
Tunnel Length 5-10 km 25 Days
Tunnel Length >10 km 30 Days

1.3.3.1.13. Surge shaft/Forebay

A. Site Selection
i- Human Resources required:

Team Leader 1
Hydropower Engineer 1
Geologist 1
Engineering Geologist/ Geotechnical I
Engineer
Hydraulic Engineer 1
Structural Engineer 1
Dam Expert 1
Hydrologist 1
Mechanical Engineer 1
Construction Planner 1
Surveyor 1
L Sociologist f
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Department of Water Resources and Irrigation _

—

‘ Environmental Expert

W

Civil Engineer

Sub-Engineer/Assistant Geologists/
Assistant derologists/Assistant Surveyor
Assistant

Office Assistant

ii- Performance criteria:

Project with Hydropower Capacity of <5 MW ‘ 2 Days
Project with Hydropower Capacity of 5-20 MW 3 Days

S Days

B. Topographic Survey including Benchmark and Layout Survey
i-  Human Resources required:

Droject with Hydropower Capacity of >20 MW
Team Leader 0.1

Hydropower Engineer 0.1 j
Geologist 0.1 T =
Engineering Geologist/ Geotechnical 0.1
Engineer L
Surveyor 1 -
CAD Expert 2

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant
l: Office Assistant

ii- Performance criteria:

Project with Hydropower Capacity of <5 MW 5 Days
Project with Hydropower Capacity of 5-20 MW 7 Days = -
Project with Hydropower Capacity of >20 MW 10 Days

C. Geological Stud
i~ Human Resources required:

for General
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Department of Water Resources and Irrigation

Study Norms, 2081

Team Leader

0.1
Geologist 1
Engineering Geologist/ Geotechnical 0.1
Engineer
CAD Expert 2
Sub-Engineer/Assistant Geologists/ 2
Assistant Hydrologists/Assistant Surveyor
Assistant 2
L Office Assistant 2 ]
li- Performance criteria:
Project with Hydropower Capacity of <5 MW 3 Days 7
Project with Hydropower Capacity of 5-20 MW 5 Days 7
Project with Hydropower Capacity of >20 MW 7 Days ‘J

D. Design, drawing of Surge shaft and Associated Structures

i- Human Resources required:

Team Leader

Hydropower Engineer

Geologist

Engineering Geologist /Geotechnical
Engineer

Hydraulic engineer

Structural Engineer

Hydrologist

Mechanical Engineer

Electrical Engineer

Construction Planner

Surveyor

Civil Engineer

CAD Expert

Sub-Engineer/ Assistant Geologist/Assistant
Hydrologist/ Assistant Surveyor

Assistant

M o
by

Jctor General
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Singh DU

Office Assistant 2 :‘

ii- Performance criteria:

Project with Hydropower Capacity of <5 MW 10 Days ]
Project with Hydropower Capacity of 5-20 MW 15 Days
Project with Hydropower Capacity of >20 MW \ 20 Days

1.3.3.1.14. Tailrace Tunnel/Canal

A. Site Selection
i- Human Resources required: -

Team Leader
Hydropower Engineer

r Geologist
Engineering Geologist/ Geotechnical _
Engineer
Hydraulic Engineer
Structural Engineer -
Dam Expert h
Hydrologist
Mechanical Engineer T
Surveyor 1
Sociologist 1 - _
_j

—_ o | =] -

N e R

—

Environment Expert

Sub-Engineer/Assistant Geologists/ 1
Assistant Hydrologists/Assistant Surveyor

Assistant 3
r Office Assistant 2

ii- Performance criteria:

Project with Hydropower Capacity of <5 MW 1 Days
Project with Hydropower Capacity of 5-20 MW 2 Days
Project with Hydropower Capacity of >20 MW 3 Days -

B. (Topographic Survey including Benchmark\and/Layout Survey

@/ i-  Human Resources required:
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Ourar, ka™™ Study Norms, 2081
Department of Water Resources and Irrigation

o

Team Leader 0.1
3 Hydropower Engineer 0.1 %
Geologist 0.1
B Engineering Geologist/ Geotechnical 0.1
Engineer
Surveyor |
] CAD Expert 2
Sub-Engineer/Assistant Geologists/
B Assistant Hydrologists/Assistant Surveyor
Assistant 2
Office Assistant 2

ii- Performance criteria:

] Project with Hydropower Capacity of <5 MW 2 Days T
Project with Hydropower Capacity of 5-20 MW 3 Days 7
- Project with Hydropower Capacity of >20 MW 5 Days ]

C. Geological Study
i- Human Resources required:

B B Team Leader 0.1
Geologist 1
Engineering Geologist/ Geotechnical 0.1
Engineer
CAD Expert 2
Sub-Engineer/Assistant Geologists/ 2
=3 Assistant Hydrologists/Assistant Surveyor
Assistant 2
B Office Assistant 2
ii- Performance criteria:
Project with Hydropower Capacity of <5 MW 1 Days 7
Project with Hydropower Capacity of 5-20 MW 1.5 Days
] Project with Hydropower Capacity of >20 MW 2 Days

~
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D. Design, drawing of Tailrace and Associated Structures
i Human Resources required:

Team Leader

Hydropower Engineer

Geologist

Engineering Geologist /Geotechnical
Engineer

Hydraulic engineer

Structural Engineer

Mechanical Engineer

Electrical Engineer

Construction Planner

Surveyor

Civil Engineer
CAD Expert ‘

Sub-Engineer/ Assistant Geologist/Assistant
Hydrologist/ Assistant Surveyor

Assistant

Office Assistant

ii- Performance criteria:

Project with Hydropower Capacity of <5 MW
Project with Hydropower Capacity of 5-20 MW
Project with Hydropower Capacity of >20 MW

1.3.3.1.15. Penstock Alignment

A. Site Selection
i- Human Resources required:

r Team Leader

Hydropower Engineer

Geologist
\Engineering Geologist/ Geotechnical [ /

— | | o |

Engineer
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F Hydraulic Engineer 1

Structural Engineer 1

Dam Expert 1

Hydrologist 1

Mechanical Engineer 1

Construction Planner 1

Surveyor l

Sociologist 1

Environment Expert I T

Civil Engineer 3

_ Sub-Engineer/Assistant Geologists/ 1
Assistant Hydrologists/Assistant Surveyor

Assistant 3

Office Assistant 2

ii- Performance criteria:

Project with Hydropower Capacity of <5 MW 1 Days T
Project with Hydropower Capacity of 5-20 MW 2 Days
] L Project with Hydropower Capacity of >20 MW 3 Days

o B. Topographic Survey including Benchmark and Layout Survey
i~ Human Resources required:

Team Leader 0.1 T

i Hydropower Engineer 0.1

Geologist 0.1
- Engineering Geologist/ Geotechnical 0.1

Engineer

Surveyor 1
B CAD Expert

Sub-Engineer/Assistant Geologists/

- . Assistant Hydrologists/Assistant Surveyor

Assistant 2

Office Assistant 2

(M) 181
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ii- Performance criteria:

C. Geological Study
i Human Resources required:
Team Leader
Geologist

Engineering Geologist/ Geotechnical
Engineer

CAD Expert

Sub-Engineer/Assistant Geo logists/
Assistant Hydrolo ists/Assistant Surveyor

Assistant

Office Assistant

D. Design, drawing of Penstock and Associated Structures
i- Human Resources required:

Team Leader

Hydropower Engineer
Geologist

Engineering Geologist /Geotechnical
Engineer

Hydraulic engineer
Structural Engineer

Mechanical Engineer

Electrical Engineer
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Construction Planner

Surveyor

Civil Engineer

CAD Expert

Sub-Engineer/ Assistant Geologist/Assistant
Hydrologist/ Assistant Surveyor

Office Assistant

ii- Performance criteria:

Project with Hydropower Capacity of <5 MW 5 Days
Project with Hydropower Capacity of 5-20 MW 7 Days
Project with Hydropower Capacity of >20 MW 10 Days

1.3.3.1.16. Powerhouse and Switch Yard Complex

A. Site Selection
i- Human Resources required:

Team Leader

Hydropower Engineer

Geologist

Engineering Geologist/ Geotechnical J 1

Engineer

S (
& V\Q A = <§f‘7 N

Hydraulic Engineer 1

Structural Engineer 1

Dam Expert 1

Hydrologist 1

Mechanical Engineer 1

Construction Planner

Surveyor

Sociologist

Environment Expert

Civil Engineer [ 3
Sub-Engineer/Assistant Geologists/ J 1
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Assistant Hydrologists/Assistant Surveyor
Assistant
Office Assistant

ii- Performance criteria:

Project with Hydropower Capacity

Project with Hydropower Capacity of 5-20 MW

Project with Hydropower Capacity of >20 MW

B. Topographic Survey including Benchmark and Layout Survey

i-  Human Resources required:

Team Leader
Hydropower Engineer
Geologist

Engineering Geologist/ Geotechnical
Engineer

Surveyor
CAD Expert

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

Office Assistant

ii- Performance criteria:

C. Geological Study
i- Human Resources required:

Team Leader

Geologist

Engineering Geologist/ Geotechnical l

@\U /\ 184
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Engineer :
CAD Expert 2 %
Sub-Engineer/Assistant Geologists/ 2
Assistant Hydrologists/Assistant Surveyor
Assistant
L Office Assistant 2

ii- Performance criteria:

Project with Hydropower Capacity of <5 MW 1 Days T

Project with Hydropower Capacity of 5-20 MW 1.5 Days
Project with Hydropower Capacity of >20 MW 2 Days

D. Design, drawing of Powerhouse and Associated Structures

i Human Resources required:

F Team Leader
Hydropower Engineer 2

Geologist 0.1

L]

Engineering Geologist /Geotechnical I
Engineer

Hydraulic engineer 1

Structural Engineer 1

Mechanical Engineer 1

Electrical Engineer 1

Construction Planner 1

Surveyor 0.1

Civil Engineer
CAD Expert

Sub-Engineer/ Assistant Geologist/Assistant 2
Hydrologist/ Assistant Surveyor

Assistant 2
L Office Assistant 2

ii- Performance criteria: ‘&

redtdr General
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Project with Hydropower Capacity of <5 MW \ 5 Days
Project with Hydropower Capacity of 5-20 MW \ 7 Days
Project with Hydropower Capacity of >20 MW \ 10 Days

1.3.3.1.17. Transmission Line

A. Alignment Selection
i- Human Resources required:

Team Leader 1
Geologist 0.1
Engineering Geologist/ Geotechnical 1
Engineer
1

Mechanical Engineer

Construction Planner j 1
Surveyor
Environment Expert

—

Civil Engineer

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

Office Assistant

N

ii- Performance criteria:

E All Project ﬁ 10 Km/Days

B. Geological Study
i-  Human Resources required:

Team Leader

Geologist

Engineering Geologist/ Geotechnical
Engineer

CAD Expert

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant
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L Office Assistant

-

ii- Performance criteria:

L All Project

| 10 Km/Days

C. Design, drawing of Transmission Line
i-  Human Resources required:

Team Leader

Hydropower Engineer

Geologist

Engineering Geologist /Geotechnical
Engineer

Hydraulic engineer

Structural Engineer

Mechanical Engineer

Electrical Engineer

—_— o |

Construction Planner

Surveyor

0.1

Civil Engineer

CAD Expert

Sub-Engineer/ Assistant Geologist/Assistant
Hydrologist/ Assistant Surveyor

Assistant

Office Assistant

ii- Performance criteria:

L All Project

10 Km/Days

1.3.3.1.18. Water Recipient River Study

A. Site Selection
i- Human Resources required:

L Team Leader ’




N
iF
al
d Irrigato™

A
%
S an

g

()
%
e,
'Vepal

3 & Study Norms, 2081
b Durpar, k™ Department of Water Resources and Irrigation

r Hydropower Engineer ‘ 1

r Geologist \ 0.1

Engineering Geologist/ Geotechnical 0.1
Engineer

Hydrologist 1

Mechanical Engineer

Construction Planner
Surveyor
Environment Expert
Civil Engineer

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

Office Assistant 2

— w — p—

I 1 T N B

ii- Performance criteria:

River Width <25 m 1 Days
River Width 25-100m 2 Days
| River width > 100m 3 Days

B. Topographic Survey including Benchmark and Layout Survey
i- Human Resources required:

Team Leader 0.1
0.1

Hydropower Engineer

Engineer

Surveyor

CAD Expert

Sub-Engineer/Assistant Geologists/ 2
Assistant Hydrologists/Assistant Surveyor

Assistant

Office Assistant

Geologist 0.1
Engineering Geologist/ Geotechnical 0.1
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River Width <25 m

2 Days

River Width 25-100m

3 Days

L River width > 100m

5 Days

C. Geological Study
i- Human Resources required:

Team Leader

0.1

Geologist

Engineering Geologist/ Geotechnical
Engineer

0.1

CAD Expert

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

Office Assistant

ii- Performance criteria:

River Width <25 m

1 Day

River Width 25-100m

2 Days

River width > 100m

3 Days

D. Hydrological Analysis
i~ Human Resources required:

Team Leader

0.1

Hydropower Engineer

0.1

Hydrologist

Civil Engineer

Sub-Engineer/ Assistant Geologist/Assistant

Hydrologist/ Assistant Surveyor

Assistant

Office Assistant

L]
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ii- Performance criteria:

River Width<25 m

5 days j

River Width 25-100m

7 days

River width > 100m \

10 days

E. Design, drawing of Tail water mixing arrangement
i Human Resources required:

Team Leader

Hydropower Engineer

Geologist

0.1

Engineering Geologist /Geotechnical
Engineer

0.1

Hydrologist

0.1

Hydraulic engineer

Structural Engineer

Mechanical Engineer

Electrical Engineer

Construction Planner

Surveyor

Civil Engineer

CAD Expert

1 |
1
0.1
0.1
1
0.1
4
4
4

Sub-Engineer/ Assistant Geologist/Assistant
Hydrologist/ Assistant Surveyor

Assistant

Office Assistant

ii- Performance criteria:

River Width <25 m
River Width 25-100m

River width > 100m

20 days
25 days
30 days

1.3.3.1.19. Socio Economic Analysis (
i-  Human Resources required:
190 %
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Team Leader

0.1

Surveyor

Agronomist

Sociologist

Economist

L Office Assistant

ii- Performance criteria:

Irrigation Project without Hydropower component

10 Days

Irrigation Project with Hydropower <SMW

15 Days

[rrigation Project with Hydropower 5 -20 MW

20 Days

Irrigation Project with Hydropower >20 MW

30 Days

1.3.3.1.20. Rate Analysis and Cost Estimation

- Human Resources required:

Team Leader

0.1

Hydropower Engineer

Engineering Geologist/ Geotechnical
Engineer

Hydraulic Engineer

Structural Engineer

Mechanical Engineer

Electrical engineer

Construction Planner

Sociologist

Economist

Civil engineer

CAD Expert

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Office Assistant

= Ay Ramn
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ii- Performance criteria:

Study Norms, 2081

[ﬁrrigation Project without Hydropower component

5 Days

Irrigation Project with Hydropower <SMW

20 Days

Irrigation Project with Hydropower 5-20 MW

30 Days

l Irrigation Project with Hydropower >20 MW

B
45 Days J

1.3.3.1.21. Report Preparation and Printing

i~ Human Resources required:

Team Leader

Hydropower Engineer

Engineering Geologist/ Geotechnical
Engineer

Hydraulic Engineer

Structural Engineer

Mechanical Engineer

Electrical engineer

Construction Planner

Sociologist

s (L e | | | D] e

Economist

Civil engineer

CAD Expert

s|l—|+

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Office Assistant

ii- Performance criteria:

r Irrigation Project without Hydropower component 5 Days
Irrigation Project with Hydropower <SMW 15 Days
20 Days

Irrigation Project with Hydropower 5-20 MW

Irrigation Project with Hydropower >20 MW ¢

30 Days J
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1.3.3.1.22. Geotechnical Investigation

Geophysical Investigations (Core Drilling, Insitu testing and Laboratory Testing of
collected samples) at main structural locations i.e. axis of headworks, settling basins,
tunnel entry and exit portals, faults, shear zones, folds along tunnel alignment or other
location, surge shaft/ forebay, penstock alignment, power house, tailrace and other
geological abnormalities that shall be encountered during the construction of the
project shall be carried out. The cost estimate for the same shall be based on the
market rate and depth of the investigation may vary from envisaged subsurface
structure during prefeasibility level of study but in no case shall be less than the
influence zone of the foundation or the invert level of the structure.

1.3.3.1.23. Office Space and Office and Field Equipment

Field Equipment, Field Consumables and 15 % of Total Cost of Human
office space, office equipment such as Resources (Oftice+ Field)
Computer, Scanner, Photocopy, Printer,
Plotter, Toner, Cartridge, Binder, Stationary,
All Consumables etc

1.3.3.1.24. Transportation

Estimate for travel expenses shall be made based on means of transportation, market
rate of transportation means and days required for travelling (to reach the field (work
site) and return back). Local transportation shall also be provisioned, if required. If
International Expat is provisioned then transportation of his/her from country of origin
to and from Nepal shall also be considered.

1.3.3.1.25. Numerical modelling for Interbasin water transfer projects and storage projects
shall be carried our during feasibility study. The cost of numerical modelling
shall be based on prevailing market rate as it’s solely dependent on the cost of
the software, technical Human Resources and size of the project which is
difficult to quantify in the norms.

Note:

i- For hydropower component of large dam/reservoir multipurpose type project, the
norms prepared by DoED shall be followed.

ii- Guidelines for Study of Hydropower Projects prepared by Department of
Electricity Development (DoED) can be referenced for the Terms of Reference
and scope of work for the Feasibility Study.

iii- Survey related to Command area like Area verification survey, Agricultural
Survey, Agricultural Soil Survey, Socio-Economical Survey and others as per
required shall be followed from 1.1 ROR Schemes and Pond Irrigation respective
level of Study.

193 (W\.(tx\)’
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1.3.4. DETAILED ENGINEERING DESIGN OF HYDROPOWER /INTERBASIN
TRANSFER / COMPONENT OF MULTIPURPOSE IRRIGATION PROJECTS

Field Work -
1.3.4.1.1. Review of Site selection and Survey Works

A. Site Selection
i- Human Resources required:

Team Leader 1
Hydropower Engineer 1
Geologist 1 -
Engineering Geologist/ Geotechnical 1
Engineer —
Hydraulic Engineer 1
Structural Engineer 1 5
Dam Expert 1
Hydrologist 1
Mechanical Engineer 1 B
Electrical Engineer 1
Construction Planner 1 .
Surveyor 1
Environmental Expert 1 —
Civil Engineer 1
CAD Expert 1 i
Sub-Engineer/Assistant Geologists/ 1
Assistant Hydrologists/Assistant Surveyor
Assistant .
Labour 4

ii- Performance criteria: =

River Width <25 m % 0.5 day ( c

W o A
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River Width 25-100m 1 days
River width > 100m 1.5 days
1.3.4.1.2. Sertling Basin /Desander

A. Review of Site selection and Survey Works
i- Human Resources required:

Team Leader I

Hydropower Engineer 1

Geologist 1

Engineering Geologist/ Geotechnical 1
Engineer

Hydraulic Engineer 1

Structural Engineer 1

Hydrologist 1

Electrical Engineer I

Construction Planner 1

Surveyor 1

Economist 1

Sociologist 1

Environmental Expert 1

CAD Expert 1

Sub-Engineer/Assistant Geologists/ 1

Assistant Hydrologists/Assistant Surveyor
Assistant 1
Labour 2

ii- Performance criteria:

River Width <25 m 0.25 day
River Width 25-100m 0.5 day
River width > 100m 1 day

1.3.4.1.3. Surge shaft/Forebay

A. Site Selection and Review

ad b W/‘/é
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i- Human Resources required:

Team Leader

Hydropower Engineer

Geologist

Engineering Geologist/ Geotechnical
Engineer

Hydraulic Engineer

Hydrologist

Mechanical Engineer

Electrical Engineer

Sociologist

Civil Engineer

CAD Expert

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

Labour

(§)

ii- Performance criteria:

All Projects

1 day

1.3.4.1.4. Powerhouse

A. Review of Site selection and Survey Works
i- Human Resources required:

Team Leader

Hydropower Engineer

Geologist

Engineering Geologist/ Geotechnical
Engineer

Dam Expert

Hydrologist

Mechanical Engineer

Electrical Engineer

1

Construction Planner

1
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Environmental Expert 1

Civil Engineer 2

Sub-Engineer/Assistant Geologists/ 1
Assistant Hydrologists/Assistant Surveyor

Assistant ]
Labour 3

ii- Performance criteria:

All Projects 1 day

1.3.4.1.5. Tailrace Tunnel/Canal

A. Review of Site selection and Survey Works
i- Human Resources required:

Team Leader ]

Hydropower Engineer 1

Geologist I
Engineering Geologist/ Geotechnical 0.1
Engineer

Hydraulic Engineer |
Structural Engineer 1

Dam Expert 1
Hydrologist 1

Mechanical Engineer 1
Electrical Engineer 1

Construction Planner ]

Surveyor 1
Sociologist 1
Environmental Expert 1
Civil Engineer 5

197
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Sub-Engineer/Assistant Geologists/ 1
Assistant Hydrologists/Assistant Surveyor -y

Assistant 1

Labour 6

ii- Performance criteria:

All Projects 1 day

1.3.4.1.6. Penstock Alignment

A. Site Selection
i- Human Resources required:

Team Leader ]

Hydropower Engineer 1
Geologist I B

Engineering Geologist/ Geotechnical 1
Engineer —

Structural Engineer 1

Mechanical Engineer 1

Civil Engineer 3

Sub-Engineer/Assistant Geologists/ I
Assistant Hydrologists/Assistant Surveyor -

Assistant I

Labour 6

ii- Performance criteria:

All Projects 1 day

1.3.4.1.7. Study of Water Recipient River

A. Review of Site selection and Survey Works
i- Human Resources required:

198 X :
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Team Leader 1
Hydropower Engineer 1
Geologist 1

Engineering Geologist/ Geotechnical 1

Engineer

Structural Engineer 1
Mechanical Engineer 1

Civil Engineer 3
Sub-Engineer/Assistant Geologists/ 1

Assistant Hydrologists/Assistant Surveyor

Assistant 1

Labour 6

ii- Performance criteria:

All Projects | day
L ]

1.3.4.1.8.  Transmission Line (Power Supply and Evacuation)

A. Review of Site selection and Survey Works
i- Human Resources required:

Team Leader 1
Hydropower Engineer 0.1
Hydraulic Engineer 1

Dam Expert 1
Hydrologist 1
Electrical Engineer 1
Civil Engineer 3
Assistant l
Labour 3

ii- Performance criteria:

L All Projects

5 km/ day
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Office Work (Data Collection, Compilation, Design, Drawing & Report Preparation)

1.3.4.1.9. Headwork Site and Intake

A. Design, drawing of Headworks and Associated Structures
i- Human Resources required:

Team Leader

Hydropower Engineer

Geologist

Engineering Geologist/ Geotechnical
Engineer

Hydraulic Engineer

Structural Engineer

Dam Expert

Hydrologist

Mechanical Engineer

Electrical Engineer

Construction Planner

Surveyor 0.1

Civil Engineer
CAD Expert

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

Office Assistant

ii- Performance criteria:

B River Width <25 m 10 days
River Width 25-100m 15 days
River width > 100m 20 days

1.3.4.1.10. Settling Basin /Desander

A. Design, drawing of Settling Basin and Associated Structures
i- Human Resources required:

(\m lﬁ Team Leader y l
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Geologist
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Engineer

Engineering Geologist/ Geotechnical

Hydraulic Engineer

Structural Engineer

Hydrologist

Mechanical Engineer

Electrical Engineer

Construction Planner

Surveyor

Civil Engineer

CAD Expert

Sub-Engineer/Assistant Geologists/

Assistant Hydrologists/Assistant Surveyor
Assistant

Office Assistant

ii-

Performance criteria

River Width <25 m
River Width 25-100m

River width > 100m

1 days

2 days

3 days

1.3.4.1.11. Canal Alignment/T unnel Alignment

A. Site Selection

I-  Human Resources required
Team Leader 1
Hydropower Engineer 1
Geologist 0.1
Engineering Geologist/ Geotechnical 1
Engineer
Hydraulic engineer |
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r Structural Engineer 1

Hydrologist

Mechanical Engineer

Electrical Engineer

Construction Planner

LLL_L_L_L_

Surveyor

Civil Engineer
CAD Expert

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant 2 J

ii- Performance criteria:

5 Days
7 Days
10 Days

Tunnel Length<§ Km
Tunnel Length 5-10 km

HEN

| Tunnel Length >10 km

1.3.4.1.12. Surge shaft/Forebay

A. Design, drawing of Surge shaft and Associated Structures
i- Human Resources required:

Team Leader

Hydropower Engineer

Geologist

Engineering Geologist/ Geotechnical
Engineer

Structural Engineer

Mechanical Engineer

Electrical Engineer

Construction Planner

Surveyor

Civil Engineer
CAD Expert

Sub-Engineer/Assistant Geologists/
w Assistant Hydrologists/Assistant Surveyor

%
Fp

g irector General (i




. & N | ‘
L E Ay e

Irrigao®

B S5
2 P &S
B G S oS
o, "Ernme“\ &S

>

273 Wt RES
6}/7 @,V VHG.E‘“ p_’b“§

Study Norms, 2081
Department of Water Resources and Irrigation

Assistant 2

Office Assistant 2

ii- Performance criteria:

[; . . .
Project with Hydropower Capacity of <5 MW 5 Days
Project with Hydropower C apacity of 5-20 MW 7 Days
Project with Hydropower Capacity of >20 MW 10 Days

1.3.4.1.13. Tailrace Tunnel/Canal

A. Design, drawing of Tailrace and Associated Structures
i- Human Resources required:

Team Leader 1

Hydropower Engineer 2

Geologist 0.1

Engineering Geologist/ Geotechnical 1
Engineer

Hydraulic Engineer 1

Structural Engineer |

Mechanical Engineer 1

Electrical Engineer 1

Construction Planner 1

Surveyor 0.1

Civil Engineer 4
CAD Expert

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant 2

Office Assistant 2

ii- Performance criteria:

Project with Hydropower Capacity of <5 MW 1 Days
Project with Hydropower Capacity of 5-20 MW 1.5 Days
Project with Hydropower Capacity of >20 MW 2 Days

/
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1.3.4.1.14. Penstock Alignment

A. Design, drawing of Penstock and Associated Structures

i~ Human Resources required:

Team Leader

Hydropower Engineer

Geologist 0.1

Engineering Geologist/ Geotechnical
Engineer

Hydraulic Engineer

Structural Engineer

Mechanical Engineer

Construction Planner

Surveyor

Civil Engineer
CAD Expert

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant
‘ﬁ Office Assistant

ii- Performance criteria:

Project with Hydropower Capacity of <5 MW
Project with Hydropower Capacity of 5-20 MW
L Project with Hydropower Capacity of >20 MW

B

ﬂ
—
——
J

:
i
a

1.3.4.1.15. Powerhouse and Switch Yard Complex

A. Design, drawing of Penstock and Associated Structures
i- Human Resources required:

Team Leader 1 J
Hydropower Engineer 2
Geologist N 0.1
Engineering Geologist/ Geotechnical \\ gl
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Engineer
Hydraulic Engineer 1
Structural Engineer 1
Mechanical Engineer 1
Electrical engineer 1
Construction Planner 1
Surveyor 0.1

Civil Engineer
CAD Expert

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant 2

Office Assistant 2

ii- Performance criteria:

Project with Hydropower Capacity of <5 MW 3 Days
Project with Hydropower Capacity of 5-20 MW 5 Days
Project with Hydropower Capacity of >20 MW 7 Days

1.3.4.1.16. Transmission Line

A. Design, drawing of Transmission Line
i-  Human Resources required:

Team Leader 1
Hydropower Engineer 2
Geologist 0.1

Engineering Geologist/ Geotechnical 1

Engineer

Structural Engineer 1
Mechanical Engineer 1

Electrical engineer 1

Construction Planner 1
Surveyor A 0.1

> W )ZX@X\/%
S, T . -




é- “f%?’:: \8' ) :

4%,0 Goverm““‘\g?; 3;9'
/Energy, W% & Study Norms, 2081

Sy . .
"9h Du¥Department of Water Resources and Irrigation

Civil Engineer
CAD Expert

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant
Office Assistant

ii- Performance criteria:

r All Projects 5 Km/day J

1.3.4.1.17. Water Recipient River Study

A. Design of Tail water mixing arrangement
i- Human Resources required:

Team Leader

Hydropower Engineer

0.1
0.1

Geologist

Engineering Geologist/ Geotechnical
Engineer

Hydraulic engineer

Structural Engineer

0.1
0.1
0.1

Hydrologist

Mechanical Engineer

Electrical engineer

Construction Planner

Surveyor 0.1

Civil Engineer
CAD Expert

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Assistant

Office Assistant 2

ii- Performance criteria:
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River Width <25 m

7 day —’
River Width 25-100m 10 day
| River width > 100m 15 day

1.3.4.1.18. Socio Economic Analysis

i-  Human Resources required:

[‘ Team Leader

Surveyor

Agronomist

Sociologist

Economist

L Office Assistant

ii- Performance criteria:

Project with Hydropower Capacity of <5§ MW

5 Days T

Project with Hydropower Capacity of 5-20 MW

10 Days

Project with Hydropower Capacity of >20 MW

15 Days

1.3.4.1.19. Rate Analysis and Cost Estimation

i-  Human Resources required:

Team Leader

Hydropower Engineer

Engineering Geologist/ Geotechnical
Engineer

Hydraulic Engineer

Structural Engineer

Mechanical Engineer

Electrical engineer

Construction Planner

Sociologist

Economist

Director General

2
O/

3
%




§ o (‘FA %.

& Pl
. wf S
= o, o IS (R;:
05 % R > &
3.2, iy RN
25 &, rentot Y oS

Study Norms, 2081
Department of Water Resources and Irrigation

Civil Engineer 4
CAD Expert
Sub-Engineer/Assistant Geologists/ 4
Assistant Hydrologists/Assistant Surveyor
L Office Assistant 1
ii- Performance criteria:
Irrigation Project without Hydropower component 3 Days ‘1
Irrigation Project with Hydropower <SMW 5 Days
Irrigation Project with Hydropower 5 -20 MW 10 Days
Irrigation Project with Hydropower >20 MW 15 Days J
1.3.4.1.20. Report Preparation and Printing
i~ Human Resources required:
‘f Team Leader 1 j
Hydropower Engineer 1
1

Engineering Geologist/ Geotechnical
Engineer

Hydraulic Engineer

Structural Engineer

Mechanical Engineer

—_— | | — |

Electrical engineer

Construction Planner

[u—

Sociologist

Economist

Civil Engineer

CAD Expert

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

Hl—=|+

Office Assistant

ii- Perforrhance criteria:
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B Irrigation Project without Hydropower component

3 Days

Irrigation Project with Hydropower <SMW

5 Days

Irrigation Project with Hydropower 5 -20 MW

10 Days

Irrigation Project with Hydropower >20 MW

15 Days

Tender Drawings

N i-  Human Resources required:

1.3.4.1.21. Preparation of Bidding Documents including technical specifications and

Team Leader

. Hydropower Engineer

Geologist

0.1

Hydraulic Engineer

Structural Engineer

ot

Dam Expert

Mechanical Engineer

Electrical engineer

—

- ’ Construction Planner

0.1

Surveyor

Agronomist

—_—

Civil Engineer

CAD Expert

Sub-Engineer/Assistant Geologists/
Assistant Hydrologists/Assistant Surveyor

NN

Assistant

Office Assistant

ii- Performance criteria:

Irrigation Project without Hydropower component

30 Days

Irrigation Project with Hydropower <SMW

45 Days

Irrigation Project with Hydropower 5 -20 MW

60 Days

- Irrigation Project with Hydropower >20 MW

75 Days
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1.3.4.1.22. Office Space and Office and Field Equipment

15 % of Total Cost of Human

Field Equipment, Field Consumables and
Resources (Office+ Field)

office space, office equipment such as
Computer, Scanner, Photocopy, Printer,
Plotter, Toner, Cartridge, Binder, Stationary,
All Consumables etc

1.3.4.1.23. Transportation

| be made based on means of transportation, market

Estimate for travel expenses sha
d for travelling (to reach the field (work

rate of transportation means and days require
site) and return back).
Local transportation shall als
Expat provision of transportation from
provisioned.

1.3.4.1.24. Exclude the Input of Dam Expert if the project under consideration
involve the construction of dam of height greater than 15m.

o be provisioned, if requires. In case of International
his/her country to and from Nepal shall also be

does not

1.3.4.1.25. Numerical modelling for Interbasin water transfer projects and storage projects
shall be carried our during feasibility study. The cost of numerical modelling
shall be based on prevailing market rate as it is solely dependent on the cost of
the software, technical Human Resources and size of the project which is

difficult to quantify in the norms.

Note:
i-

Guidelines for Study of Hydropower Projects prepared by Department of
Electricity Development (DoED) can be referenced for the Terms of Reference
and scope of work for the Detailed Engineering Design.

-




KD Study Norms, 2081
-7?5;13,;,"_. pf Water Resources and Irrigation
0, Rz R
% 4f "rn nto \‘X‘g\ =
4’03"}' of 8% \&‘Q'
Soyrces an
2074

SECTION 2: GROUNDWATER
IRRIGATION AND GEOLOGICAL
STUDY
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Hydrogeological and Engineering Geological Survey

e Mapping

>
>
>

1:1000
1:5000
1:10000

¢ Geophysical Investigation

e Hydrogeological Survey
'» Identification.

>
>

Pre-Feasibility
Detail Feasibility

o Sampling and testing of soil and rock

YVVVVYVY

Surface sampling of in-situ materials
Sub-surface sampling
Auger method (for unconsolidated fine sediments):
Core drilling method (for consolidated sediments):
Analysis and testing of field samples

Soil

Rock

212
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2.1. MAPPING

2.1.A. (Geological, Engineering Geological, Hydrogeological, Soil Depth Survey,

Rock Slope Stability, Joint Analysis Jor (1:1,000; 1:5,000; 1:10,000 per topographical
grid/l1 km?2)

Desk Study

(Collection of data, Literature review, Preparation of

survey plan and preparation of
inception report)

i- Human Resource required:

Expert/Senior geologist 0.5
Geologist/Eng. Geologist 1
GIS/RS expert 1

Assistant Geol. /Asst. Geo Tech 0.5
Computer operator 1
Office assistant 2

ii- Performance criteria (all scale)

1 km? 4 days
n km’ (3*n+1) days

Field Work

(Survey command area/ geol. structure mapping and collection of data from the command
area)

i- Human resources required:

Human resources 1:1,000 1:5000 1:10,000
Expert/Senior geologist 2 1.5 1
Geologist/Eng. Geologist 4 3 2
Assistant Geol./Asst. Geo Tech 8 6 4
Surveyor/Peg man 4 3 2
Unskilled 8 6 4
ii- Equipment required:
Equipment All Scale
Four-Wheeler Drive 1.5 f
Total station set 1.0 /
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iii- Performance criteria:

- Terrain (1 km’) 1:1,000 1:5000 |1:10,000 |
Fx. Hill Slope/ Intermountain Basin/ 6 4.5 3

Tunnel face/ Rock exposure

(days)

Terai /Dun Valley (days) 2 1S 1 -
L For n km’ n*a; n*b n*a; n*b | n*a;n*b

Report Preparation

(Data processing, Analysis, interpretation of surface and geological features including
preparation of map in digital format, draft, report preparation)

i- Human resources required:

Expert/Senior geologist 0.5 ;‘
Geologist/Eng. Geologist
GIS/RS expert
Assistant Geol. /Asst. Geo Tech.
CAD expert
Computer Operator
Office Assistant

ii- Performance criteria (all scale):

1 km® 7 days |
(4*n+3) days J L

n km’

Topographical map and consumable, Software for interpretation,

Stationaries, Satellite imaginary,
% of Total Cost of Human Resources (Office+

survey equipment, Report Preparation etc @ 15
Field)

ade based on means of transportation, market rate of —

Estimate for travel expenses shall be m
for travelling (to reach the field (work site) and return

transportation means and days required
back).

Field allowances: DWRI survey norms.

Mode of Payment: DWRI survey norms and according to TOR.

> €
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2.2. GEOPHYSICAL SURVEY

2.2.4. (Electrical, Seismic, Radio Frequency Survey)
Desk Study

(Collection of geological terrain data: geophysical survey site selection; survey method and
array selection; determination of best electrode spacing, investigation depth, resolution of
geophysical data; finalization of survey plan and preparation inception report)

i- H
Exper;tJéSenior geologist 0.5
Hydra./Eng. Geologist 1
@eophysicist 1
Assistant Geol. 0.5
Coré\puter Operator 1
Office Assistant 2
Resources required:
ii- Performance criteria for all types of surveys:
a.For a single survey site (B.4) 3 days
b.For n >a (n+2) days

Field Work

(Optimum area/alignment selection, topographical and geological alignment survey,
equipment layout, field data acquisition based upon survey selection criteria A.4)

(o

i- Human Resources required:

Expert/Senior geologist 0.5
Hydro. /Eng. Geologist 1
Geophysicist 1
Asst. Hy. Geologist 2
Surveyor 1
Unskilled 6
ii- Equipment required:
Four-wheeler drive 2.0
Geophysical instrument 1.0
Total station set 1.0

[2/ L RN
-
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iii- Performance criteria:

a. 2D, Electrical/ERT, For a

single line survey site of
1000 m with spacing 10 m
electrode spacing (B.4)

1 day

. 2D, Electrical/ERT, For a

single line survey site of 600
m with spacing S m
electrode spacing (B.4)

0.9 day

. 2D, Electrical/ERT, For a

single line survey site of 300
m with spacing 1 m
electrode spacing (B.4)

0.8 day

. 1D, Electrical/Vertical
Electrical Sounding

0.8 Day

. 2D, Radio Frequency,
GPR 00 m profile length

1 Day for Plain Surface

1.5 days for hills and mountains rough

surface

f. 2D, Seismic, SRT, Micro

seismic survey 200 m
profile length

1 day

g. Forn>a

n*(n+1) days

Report Preparation

(Data processing, analysis, identificati
depth, lateral spread, resolution, corre
parameters, including preparation of inverted map and interp
format, draft report preparation)

i- Human Resources required:

on of geological features, interpretation in terms of
lation with surface features and nearby geological
reted profile figure in digital

Man-power All Scale
Expert/Senior geologist 0.5
Hydro./Eng. Geologist 1

Geophysicist 1.5

Assistant Geologist 0.5
Computer Operator 1
Office Assistant 1
ii- - Performance criteria:
a. Single survey site (B.4) \ 6 days

b. Forn>a

\ / 3*(n+1) days

2 216
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Geophysical survey method selection table (For single survey site):
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S.N (a)Type of (b)Relation between the lateral spread of geophysical
. Geophysical Survey profile and depth of investigation. {Geophysical Profile
profile Length (m)/ Area of survey (mz)}
(Single sutvey site) ®1) (62) Total (©3) (b4) Data
Approximat | profile spread | Maximum array(s)
e subsurface | length (m)/ | electrode
information Area (m?) spacing
depth (m) (m)
1 3D, 60-120 (360mx360m 6-12 two
Electrical/Tomography ; 2x2 grid) or
(720m by
720m; 1X1
grid)
2 2D, 200 1000 10 two
Electrical/ERT(CST)
- for Hydrogeological - -
Survey
3 2D, 100 500 S two
Electrical ERT(CST)
4 2D, 100 300 3 two
Electrical/ERT(CST)
for Sub surface
engineering survey
S 2D, 12 180 1 two
Electrical ERT(CST)
6 1D, Electrical/Vertical 300 AB:1500 A/B=10 | Perpendicula
Electrical Sounding m*2 nos r profiles
7 1D, Electrical/Vertical 100 AB:600 m*2 | A/B=2.5 | Perpendicula
Electrical Sounding nos r profiles
8 2D, Radio Frequency, | 250m - 50m 1200 - 10 MHz -
GPR 250 MHz
9 2D, Seismic, SRT, 300 900 30 -
Micro seismic
10 | 2D, Seismic, SRT, 10-100 300 10 -
Micro seismic
2.2.1.1.1.  Single survey site (unit) of a geophysical survey is defined as Sfollows:

1.

Deep tube well irrigation scheme: Terai plain: <=50 Ha; Hill: <=25 Ha, for command
area greater than Terai plain: 50 Ha; Hill: 25 Ha, number of geophysical
investigation profiles depends upon either recommendation from identification
survey or field requirement from the hydrogeological aspect.
Landslide and Slope stability study: 0.25 Ha area, if CA>0.25 Ha, the number of
geophysical investigation profiles depends upon either recommgndatjon from
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identification survey or field requirement from engineering geological aspect.
3. Unit geophysical survey point: Investigation well, Mountain aquifer, Tunnel face,
Rock exposure, Single abutment foundation. (Remark: additional survey points can —

be calculated in ‘n’ multiple survey locations.)

4. For Headworks, Cross drainage, Dam, Headworks, Trail race, Canal alignment,
Reservoir, Basins, and other Engineering structures where the unit cost is required
for estimation purposes; the total cost resulting from the sum of B. 1+B.2+B.3 should
be divided by the length or area in the (b2) Total profile spread length (m)/Area
(m2) of 1. Geophysical survey method selection table to calculate cost per meter
or square meter after maintaining constant factors from b1; b3; b4.

2.2.1.1.2. Geophysical method of the survey:

For each single survey site; the geophysical survey type is not limited to one but may
combine Electrical Resistivity Survey, Vertical Electrical Sounding, Ground
Penetrating Radar, and Seismic method of subsurface investigations as per field —

conditions and verification purposes for the same site.

Stationaries, Satellite imaginary, Topographical map and consumable, Software for interpretation,
survey equipment etc @ 15 % of B of respective areas.

Estimate for travel expenses shall be made based on means of transportation, market rate of
transportation means and days required for travelling (to reach the field (work site) and return

back).
Field allowances: DWRI survey norms.

Mode of Payment: DWRI survey norms and according to TOR.

2.3. HYDROGEOLOGICAL SURVEY

2.3.A. IDENTIFICATION SURVEY B

Desk Study

(Collection of data, Literature review, Preparation of survey plan and Inception report)

i- Human Resources required:

Expert/Senior Geologist 0.25
Hydrogeologist 1
Engineer 0.5 _
Asst. Hydrogeologist 2
Computer operator
¢

Q,,ON Office assistant 2 -
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ii- Performance criteria:

Small Projects (<=500 ha at Terai and | day
<=250 ha at hill)

Medium Projects (<=1000 ha at Terai 2 days
and <=500 ha at hill)

Large Projects (>=1000 ha at Terai 3 days
and >=500 ha at hill)

Field Work

(Survey command area for existing irrigation system, Hydrological and Hydrogeological
data collection, Tubewell Irrigation System area identification and Commend area
verification)

i- Human Resource required:

Hydrogeologist 2

Irrigation Engineer 0.5
Asst. Geologist/ Sub-Engineer 3/1

Labour 4

ii- Performance criteria:

Small Projects (<=500 ha at Terai and <=250 ha 2 days
at hill)

Medium Projects (<=1000 ha at Terai and <=500 4 days
ha at hill)

Large Projects (>=1000 ha at Terai and >=500 ha 6 days
at hill)

Socio-Economical Survey

i- Human Resources required:

Sociologist/Association Organizer (AO) 1
Labor 1

ii- Performance criteria:

Small Projects (<=500 ha at Terai 1 day
and <=250 ha at hill)

Medium Projects (<=1000 ha at 2 days
Terai and <=500 ha at hill) ’
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Large Projects (>=1000 ha at Terai 3 days
and >=500 ha at hill)

Office work and Report Preparation
(Compilation, Analysis and Report presentation)

i- Human Resource required:

Expert/Senior geologist 0.5
Hydrogeologist 1

Irrigation Engineer 0.5
Sociologist/AO 1
Computer operator 1
Office assistant 2

ii- Performance criteria

Small Projects (<=500 ha at Terai 7 days

and <=250 ha at hill)

Medium Projects (<=1000 ha at 11 days
Terai and <=500 ha at hill)

Large Projects (>=1000 ha at Terai 15 days
and >=500 ha at hill)

o Stationaries, Satellite imaginary, Topographical map and consumable, survey equipment
Report Preparation etc @ 15 % of Total Cost of Human Resources (Office+ Field)

e Estimate for travel expenses shall be made based on means of transportation, market rate of
transportation means and days required for travelling (to reach the field (work site) and return

back).
e Field allowances: DWRI survey norms.

e Mode of Payment: DWRI survey norms and according to TOR.

Q 220
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SEQUENCE OF ACTIVITIES:

(General activities/steps performed before and after initiation of groundwater project are
provided in following tables.)

f 1 H
’ Obtain authorization and |
identity ! I Fomrula(er:l‘l;mam l_J Define elements of financing of water Develop goals for | |
problem ™ m?nan:g:afl'::i obj::we { managemant plan | resources management i investigation al
| ! investigation |
L
Lowering water lovels, Water service at least cost, Pumping locations and Prepare report discussing
walerlogging, subsidence,  basin versus region, social, schedule, antificial recharge alternate management plans,
seawater intrusion legal, and economic con- locations and schadule, Including nonstructural
through offshore out- straints, aquiter management  boundary conditions, legal altematives, and recommend
crops and from excava- as part of the total water structure, monitoring, organ- a single plan. It is recognized
tion of harbors and canals,  supply and disposal system izational, and financial that iImplementation of a
waler quality degradation suitable plan is ultimate goal
as a result of improperty
oconstructed and
wells, percolation of waste-
walters, increasing salinity o ‘
from adverse salt balance,
:’rgboh}:‘n‘: —— Salect scope of Lol Develop work program L Create planning Commence !
investigation for investigation arganization Investigation {
Dsterrmine study area, Identify what must be Engineers, economists,
study schedule, and level accomplished to achigve geologists, attorneys, and
of study—preliminary planning goals, with emphasis  others
examination, reconnaiss- on need for historic baslc
ance, or feasibiiity data, continued data col-
lection, and EDP techniques. i
Include diagrams showing i
work elements, sequencs, !
and schadule s

Figure: Sequence of activities preceding start of a groundwater management
investigation (after Amer. Soc. Civil Engrs.).

r““ Projecting tuture
water demands

Surface and subsurface
axploration

f Assessment of

waler tgsources i

Capability of extraction
and recharga tacilities

L’ l

Present and tuture applied watear
and consumptive use demands
for irrigation, domestic, and ind-
ustrial uses

Geophysical techmques and
iest wells

Yields of iocal water resources
and availability of imported
supplies

inventory of existing extraction
and rechargse tacilities and cap-
ability of moditying existing system

Aquifer boundary
L conditions >

Legal and organizational
considerations

Alternate plans for water
resources management

Roport on the
investigation

Quantity and quality of subsurface
inflow and outflow

Water rights, rights to use of
storage, damages due to ground-
water leval lowering and water-
Iogging, legal implications of water
quality degradation, authority
required by management agency,
and types of agency required

Formulate plans considering
physical and economic aspects

Physical tactors: pattemns and
schedules of recharge and extrac-
tions, use of imported water, under-
ground storage for infiitration of
stonmilows, control of groundwater
levels to avoid severs lowering
and waterlogging, watec Quality,
seawater intrusicn controls,
subsidence, and integration intc
lotal water resources system

Economic tactors: costs and
benefits, financial feasivility

Report presenting study results,
with emphasis on altemative
plans

Most economical physically
feasible plan is desired

Figure: Sequence of activities during a feasibility investigation for groundwater
management (after Amer. Soc. Civil Engrs.).
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CRITERIA FOR SELECTION

The criteria for the selection of the project for identification may be:
» Beneficiaries signature in project request forms as per groundwater irrigation
guidelines /policy;
> No potential water right disputes;
» Beneficiaries’ commitment to take future O&M responsibilities, if required;

» Water availability in the source/subsurface aquifer;

chemes less or equal to 500 ha command area in hill and 1000

For groundwater irrigation s
h to carry out two levels of the study only:

ha command area in Terai will be enoug

> Identification Study
> Pre-Feasibility Study & Estimate

For groundwater irrigation schemes more 500 ha in hill and 1000 ha in Terai the study
will be carried out in three levels as follows:

» Identification Study

» Prefeasibility Study
» Detail Feasibility Study including Detailed Design & Estimate

nt type of survey depends upon depth of investigation and

The time span needed for differe
s specified in TOR/Identification/Prefeasibility, however

components to be investigated a

generalized minimum time span for various kinds of study will be as follows:
ldentification study 1-2 month
Prefeasibility study 3-6 months

etail feasibility study and estimate 6-12 months
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TERMS OF REFERENCE FOR IDENTIFICATION OF THE GROUNDWATER

IRRIGATION PROJECT (Study specific only, additional criterion could be derived from
DWRI and other GoN body TOR ’s)

Desk Study

- Review of Farmers' Request Form, if any, and other available documents (topographic
map, Borehole logs, Geophysical survey report, Aerial photography, Climatological

records, Hydrological records, Hydrogeological records, Geological maps, Socio-

demographic records etc) related with project area;

Locate the project area on available Topographic Map/Satellite Imaginary /GIS map/s;

Locate the tentative alignment and type of open or buried pipe distribution systems on
available topographic Map/ Satellite Imaginary /GIS map/s;

Field Work and Command Area

- Identify existing all types of irrigation system.
Verify gross command area by excluding all type year-round irrigated land.
- Assessment of groundwater/ water availability.

Identify type of aquifer (shallow or deep) and best economical method to extract ground
water.

- Reach out all potential tube-well construction sites (if possible).

Acquire GPS coordinates of TW construction site and boundaries of commend area.

- Existing WUA & its function, if any.

- Assessment of willingness of the farmers for providing land for developing system, if
required.

- Assessment of willingness of the farmers towards cost contribution as per Irrigation
Policy/Regulation (if possible).

Reporting

Based on the data and information collected during the field visit the team needs to analyze
the project findings and finalize the identification study. The analysis should be based on

technical, economic and social aspects of project implementation. In addition to technical
details, the analysis should cover but not limited to the following aspects:

- Groundwater availability;

- Declining levels of groundwater;

- Type of groundwater irrigation system (DTW/STW) requirements:

Size and type of command area (rain fed; partially irrigated; round-year irrigated);
General hydrogeological condition of subsurface aquifer (unconfined/confined aquifer;

aquitards; aquifer; karst topography; primary and secondary structures);
- Farmer’s interest/absence:

Recommendation Report

The recommendation may be based on, but not limited to the followingss
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- Genuineness of demands, if any;
- Gross and total command area;
- Groundwater/water availability;
Purpose least cost groundwater extraction method and su
- Hydrogeological complication;
Type of study needed further;
Number, location, and type of geophysical survey (If required);
Depth, location, and size of investigation tub wells. (If required);
Groundwater level measurement and water degradation analysis (

stainability project,

If required);

The Recommendation should clearly state whether the project should be abandoned,

proceed for further study, or adopt alternative irrigation approach.
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2.3.B. PREFEASIBILITY STUDY

Desk Study
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(Collection of data, Literature review, Preparation of survey plan and Inception report
preparation)
i~ Human Resource required:
Expert/Senior Geologist |
Hydrogeologist 2
GIS/RS expert 1
Engineer 0.5
Asst. Hy.Geol./Sub-Engineer 2/1
Computer operator 1
Office assistance 4
ii- Performance criteria:
Small Projects (<=500 ha at Terai and <=250 ha at hill) 3 days
Medium Projects (<=1000 ha at Terai and <=500 ha at hill) 5 days
Large Projects (>=1000 ha at Terai and >=500 ha at hill) 7 days

Field Work and Command Area

(Survey & command area mapping, command area delamination; collection of field data
from command area for hydrological, hydrogeological agricultural, demographic, Socio

economic and Environmental assessment)

i~ Human Resource required:

Expert/Senior Geologist

Hydrogeologist

N | —

Irrigation Engineer/Hydrologist

Agriculturist/Agronomist

Sociologist/ Economist

Environmentalist

Mech./ Elec.Sub-Engineer

Asst. Hy.Geol./Sub-Engineer

Surveyor

Labor

ii- Equipment required:
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Four-Wheeler Drive 3
Total station set 2
iii- Performance criteria:
Small Projects (<=500 ha at Terai and 4 days .
<=250 ha at hill)
Medium Projects (<=1000 ha at Terai and 8 days
<=500 ha at hill)
Large Projects (>=1000 ha at Terai and 14 days N
=500 ha at hill)

Hydrogeological Survey

nd alignment selection; aquifer, discharge, and other

(Possible geophysical survey site a
drogeological/geological parameter survey and

hydrogeological data collection; hy

verification)
i- Human Resource required: -
Expert/Senior Geologist 0.5
Hydrogeologist 1 -
Asst. Hy.Geologist 2
Labor 3
ii- Equipment required:
r Four-Wheeler Drive 1.5 J -
iii- Performance criteria:
Small Projects (<=500 ha at Terai 4 days o
and <=250 ha at hill)
Medium Projects (<=1000 ha at 7 days
Terai and <=500 ha at hill) e
Large Projects (>=1000 ha at Terai 10 days
and >=500 ha at hill) |

Geophysical Survey

(Total number of geophysical survey profiles and their types needed to deploy in the study
area could be analyzed from geophysical survey norm )
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Construction of Investigation Tube well and water level monitoring

(Total number of required Investigation Tubewell and their depth required in the study area
can be analyzed from DWRI Tubewell Drilling Norms).

Water quality test; source contaminant and degradation analysis (If needed):

(Water sample collection, identification of contaminants source, agricultural soil analysis,
testing of samples and labwork).

i- Human Resource required:

Hydrogeologist 0.25
Geochemist 0.5
Contaminant expert 0.5

Microbiologist 0.25
Labor 1.5

ii- Equipment required:

L Four-Wheeler Drive ' 1.0 j

iii- Testing of samples and lab work: (Derive from competitive market or
other GoN body’s norm)

iv- Performance criteria:

Small Projects (<=500 ha at Terai 7 days
and <=250 ha at hill)

Medium Projects (<=1000 ha at 14 days
Terai and <=500 ha at hill)

Large Projects (>=1000 ha at Terai 21 days
and >=500 ha at hill)

Office work and Report Preparation

(Data processing, Analysis, Interpretation including cost estimate and economic analysis.)

i- Human Resource required:

Expert/Senior Geologist
Hydrogeologist
[rrigation Engineer/Hydrologist
Agriculturist/Agronomist
Sociologist/ Economist
Environmentalist/Geochemist
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Economist

GIS/RS expert ]

Asst. Hy.Geol./Sub-Engineer
CAD expert 1

Office assistant 6

ii- Performance criteria

Small Projects (<=500 ha at Terai and <=250 ha at hill) 7 days
Medium Projects (<=1000 ha at Terai and <=500 ha at 11 days
hill)
Large Projects (>=1000 ha at Terai and >=500 ha at 15 days
hill)

Stationaries, Satellite imaginary, Topographical map and consumable, survey equipment Report
Preparation etc @ 15 % of Total Cost of Human Resources (Office+ Field)

Estimate for travel expenses shall be made based on means of transportation, market rate of
transportation means and days required for travelling (to reach the field (work site) and return

back).
Field allowances: DWRI survey norms.

Mode of Payment: DWRI survey norms and according to TOR.
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TERMS OF REFERENCE FOR PRE-FEASIBILITY OF THE GROUNDWATER

IRRIGATION PROJECT (Study specific only) additional criterion can be derived from

DWRI and other GoN body TOR’s)

The detail-feasibility study should be carried out for the large irrigation projects that will
decide project should be implemented or not. The study tentatively assesses the technical
feasibility, economic viability and institutional suitability of the project implementation. The
pre-feasibility study is carried out in the following steps:

VV VY V V V V

Desk study

Field survey work

Hydrogeological survey

Geophysical survey

Construction of Investigation Tube well
Water quality test and contamination analysis
Reporting and recommendation

Desk study:

Assessment of groundwater irrigation availability zonation & command area
delamination.

Review of farmers' request forms, if any,

Revision available documents (Topographic map, Borehole logs, Geophysical survey
report, ~ Aerial photography, Climatological records, Hydrological records,
Hydrogeological records, Geological maps, Socio-demographic records etc) related with
project area;

Locate the project area on Topographical/ Satellite Imaginary/GIS map/Arial map/
Hydrogeological map/s;

Locate the tentative alignment and type of open or buried pipe distribution systems on
available topographic Map/ Satellite Imaginary /GIS map/s;

Assess location of geophysical investigation in the command area;

Assess investigation tubewell construction location in the command area;

Assess density of ground water sampling; representative location of samples in the
command area;

Send field visit date and information to the farmers/local communities;

Field survey work

A e
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Identify existing all types of irrigation system.

Verify gross command area by excluding all type year-round irrigated land.
Assessment of groundwater/water availability and seasonal water demand.

Reach out all potential tube-well construction sites/ demand area.

Acquire geolocation of tubewell construction site and boundaries of commend area.

Y 3
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- Verify the appropriate groundwater irrigation availability zonation & command area
location,

- Take geolocation of total number proposed tube well construction site and clearly
demarcate the command area in field maps.

- Survey and measure total length of subsurface water distribution system, total number of
surge riser and water outlet and acquire their geolocations.

- Assess the availability of sources of electricity or it’s alternatives and acquire geolocation
of their access point around the command area.

- Survey along the perimeter of proposed command area and verify net command area;
take geolocation at specific locations.

. Assess localized existing subsurface water extraction techniques and viability of
extraction condition.

. Make Assessment of existing cropping pattern and water demand.

- Make Assessment of Existing Irrigation Practices, if any

. Make Assessment of Water Management Practices, if any

- Make Assessment on Accessibility of Project Area.

- Make Assessment of beneficiary Population/HH of the project

- Make Assessment of Social Composition of the area

- Make Assessment of market availability and food sufficiency of the project area

. Make Assessment of willingness of the farmers for providing land and cost contribution
for developing system.

- Existing WUA & its function, if any.

Hydrogeological Survey

- Identify types of aquifer (shallow or deep) and best economical method to extract ground
water.

- Make assessment of ground water availability and zonation based on discharge capacity.

- Collect Borehole log data, geophysical survey data of nearby tube wells.

- Correlate borehole logs. Geophysical report and asses’ subsurface aquifer status.

- Acquire pump test data and locate existing drinking/ irrigation tube wells.

- Collect and verify data with existing nearby functioning tube wells.

- Provide guideline for geophysical survey team and correlate hydrogeological data with
geophysical data (If necessary).

- Provide guideline for investigation tube well construction team and correlate
hydrogeological data.

- Provide guideline for investigation tube water quality and contaminant analysis team.

- Make assessment on quality and quantity of inflow and outflow and water balance
condition.

. Schedules of artificial recharge system, méfnaged aquifer recharge to balance

groundwategequilibrium.
Q 230
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- Make assessment on severe lowering of ground and subsidence due to over exploitation.

Geophysical Survey

- Assess best alignment, depth of investigation, resolution of survey.

- Make sure depth of geophysical investigation covers the tentative depth of investigation
tube well and future production deep tube well.

- Perform at least two types of survey along/across the same profile with at least two
electrode configurations (arrays).

- Correlate acquired data with existing geophysical reports, hydrogeological survey data
and borehole logs.

- Provide tentative thickness of water bearing aquifer, aquifer material identification,
aquifer status in terms of discharge and screen length for cost estimation purpose.

Construction of Investigation Tube well

- Access investigation tube well construction location at typical anomalous
hydrogeological locations.

- Make record of drilling time rate, collection of samples at appropriate intervals of depth
and determine position and nature of subsurface aquifers.

- Sieve analysis of samples to determine screen opening/size and correlation with grain
size obtained from geophysical logs.

- Perform and correlate drilling time log, lithological log, resistivity logs, self-potential log,
radiation logs, other borehole logs and reports.

- Perform pump test (Continuous, Recovery, Step drawdown) to determine pump capacity,
specific capacity, discharge, aquifer properties needed to extract subsurface water to meet
project requirement and farmer demand.

- Determine method of tubewell construction, total depth of tubewell to be constructed,
primary housing, screen length and optimum well size.

- Well interference, subsurface interchange through wells, water table variation, declining
water level and other aquifer properties.

- Schedules of artificial recharge system, managed aquifer recharge to balance
groundwater equilibrium.

Water quality test and contamination analysis

- Geochemical analysis of water samples and agricultural soils and their treatment.

- Sources of contaminations (natural, artificial, agricultural).

- Effect of wastes on hydrologic system.

- Water quality degradation due to improper management of constructed and destroyed
wells.

Reporting:

Based on the data and information collected during the field visit the team needs to
analyze the project findings and finalize the prefeasibility study. The analysis should be
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based on technical, economic, and social aspects of project implementation. In addition to
technical details, the analysis should cover but not limited to the following aspects:

Farmer’s interest/absence; number of beneficiaries; local job creation by project.
Groundwater availability, zonation, well interference, Tubewell spacing;
Hydrogeological complications and declining levels of groundwater;
Best economic type of groundwater irrigation system (DTW/STW) and its requirements;
Size and type of command area (rain fed; partially irrigated; round-year irrigated);
General hydrogeological condition of subsurface aquifer (unconfined/confined aquifer;
aquitards; aquifer; karst topography; primary and secondary structures);

Suitability of subsurface water quality for irrigation purpose.

Depth of primary housing, screen length, total depth of tube well based on locality;

Total amount of discharge, pump and transformer capacity, length of transmission line
length per deep/shallow tube well irrigation system.

Length and spread of subsurface distribution system, surge riser, number of outlets per
irrigation system.

Total number of groundwater tube well irrigation systems in single command area.
Quality of surface soil, groundwater, and possible treatment method;

Preparation of Project area/hydrogeological/contaminant map//other maps at 1:10,000
scale.

Make Assessment of cost of the project and cost per hector.

Evaluate economic indicators (NPV, Internal Rate of Return and Benefit Cost Ratio).
Final cost estimate, Procurement schedule, Packaging, Implementation schedule.

Recommendation Report:

The recommendation may be based on, but not limited to the followings:

Genuineness of demands;

Gross and total command area;

Water balance and recharge vs discharge condition;
Hydrogeological complication;

Groundwater/water availability, aquifer boundary conditions;
Need of further study;

Most economical physically feasible groundwater irrigation plan;
Integration of subsurface water with other irrigation system, novel methods of
groundwater irrigation;

Sustainability of project and environmental adverse effect;
Economic indicators i.e. cost/ha, EIRR & B/C ratio etc’

Need of rehabilitation and managed aquifer recharge;
Economical alternative method of irrigation;

The Recommendation should clearly state whether /the project should be
abandoned, procged for further study, or adopt alternative irrigation approach.
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2.3.2 DETAIL FEASIBILITY STUDY
Desk Study
(Collection of data, Literature review, Preparation of survey plan and Inception report)

i- Human Resource required:

[Expert/Senior Geologist 2
Hydrogeologist 4
GIS/RS expert 2
Engineer 1
IAsst. Hy.Geol./Sub-Engineer 4/1
IComputer operator 2
Office assistance 8
ii- Performance criteria:
a.Large Projects (>=1000 Ha at Terai 5 days
and >=500 ha at hill)
b.Major Projects (>1000 Ha at Terai 3*(b/a)+2 days
and >500 ha at hill)

Field Work and Command Area

(Survey & command area mapping Command area delamination; Collection of field data
from command area for hydrological, agricultural, demographic, socio economic,
electromechinacal and environmental assessment)

i- Human Resource required:

Expert/Senior Geologist
Hydrogeologist
Irrigation Engineer 1:5
Agriculturist/Agronomist 1.5
Sociologist/ Economist 1.5
Environmentalist 1:5
Senior Mechanics/ Electrical overseer 1.5/1.5
Asst. Hy.Geol./Sub-Engineer 5/1.5

Surveyor 4
Labor 18

ii- Equipment required:
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Four-Wheeler Drive 4
Total station set 3
iii- Performance criteria:
a.Large Projects (>=1000 ha at 12 days
Terai and >=500 ha at hill)
b. Major Projects (>1000 Ha at 6*(b/a)+6 days
Terai and >500 ha at hill)

Hydrogeological Survey

(Possible geophysical survey site and alignment selection; aquifer, discharge and other
hydrogeolog<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>