TERMS OF REFERENCE
FOR
CONSULTING SERVICES

FOR |

CONDUCTING OVERCORING, HYDRO FRACTURING, DILATOMETER, BLOCK
SHEAR & PLATE BEARING TESTS WITH RELATED LABORATORY TESTS

IN
UPPER ARUN HYDROELECTRIC PROJECT, NEPAL
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INTRODUCTION

Project Description: Upper Arun Hydroelectric Project (UAHEP) is a Peaking Run-of-River

(RoR) project with an installed capacity of 1,061 MW, utilising design discharge of 235.4 m¥/s '
and net head of 508.26 m. The project is located in Bhotkhola Rural Municipality, Sankhuwasabha
District of Koshi Province, ‘Nepal. The dam site is located about 70 km north of Khandbari, the
district headquarters and 200 km east of Kathmandu. The project is being developed by Upper
Arun Hydro-Electric Limited (UAHEL), a company established by Nepal Electricity Authority

(NEA).

Project Site: The Project site is located at high altitude in the mountainous area of eastern Nepal,
in a narrow gorge approximately 600 m upstream of the confluence of the Chepuwa Khola and the
Arun River, which is about 14 km downstream of the Nepalese-Chinese border. The proposed
powerhouse site will be about 15 km downstream of the proposed dam site. The Project site covers
an area of about 275 ha, containing the proposed headworks, surge tank, powerhouse, roads, camp -
and associated facilities and spoil areas.

Access to the Site: There is only one route, the Koshi Highway, for transporting goods from
Jogbani, Bihar, India, to the Project site, via Biratnagar and Gola. The location of the Project site
at high altitude in steep mountainous terrain poses some difficulties for the transportation of large
equipment to the Project site by road. The road from Jogbani to Gola is 253 km long and
experiences stecp gradients and sharp curves, passing through difficult terrain. While most of
the bridges along the highway from Jogbani to Gola are deemed safe for transporting up to 80
tonnes of cargo, some will need to be strengthened, notably the Koshi Canal Bridge. Additionally,
road improvement will be required, especially at sharp curves. The nearest airport to the Project
site is Tumlingtar Airport of Sankhuwasabha district, located south of the Project site. There are
regular flights between Kathmandu and Tumlingtar.

Previous Study: The project has completed an Updated Feasibility Study on May 2021, conducted
by a joint venture of Changjiang Survey, Planning, Design and Research Co. Ltd. (CSPDR) and
Sinotech Engineering Consultants Ltd. in association with Soil Test (P) Ltd. Nepal. During
Updated Feasibility Study, the consultant has carried out a wide variety of field studies as part of
this Study. The summaries of previous studies are as follows

1:20,000 geologicai mapping
1:2,000 geological mapping . km? 12
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"~ Seismic refraction profile , no. 0 1,145/10 2,985/7
profiles '
. Point load Number 20
Lab
test Uniaxial compression 8
Brazilian tensile strength 4

2021
Feasibility
i d
Sateilite and drone images k2 17
interpretation
Geology 1:5,000 geological mapping km? 4.8 ‘Along the headrace
tunnel
1:500 geological mapping km? 2.17 Main structures area
3D geological model Day 100
2D-ERT m/no. of proﬁlés 2,360/13
Test adit AD1 at the I_eﬁ abutment m 30 Incomplete (abandoned)
Test adit AD2 at right abutment m 80 - Completed
Test adit AD4 at right abutment m 103.5 Completed
Test adit AD3 at the powerhouse site m 786.7/945 | Asof July 2021
m/no. of holes 1,001/12 | Including inclined hole|
Borehole 75m/1 hole; Vertical
hole 846m/9  hole;
Quarry site; 80m/2 hole
. Water Pressure no. of sections/ 105/8
Measurement in 1no. of holeg _
borehole Acoustic m/no. of holes 462.4/9
Televiewer m/no. of holes | 819.36/10
0. of points / 533 | In borchole DBHS at
Dilatometer no. of holes dam site, HBHI at
headrace tunnel, and
: PDBH! = at pressure
no. of poirits / 18/2 in borchole
In-situ stress test no. of holes HBH] and
PDBH]1, hydro

fracture test
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2021
Feasibility

Petrographic analysis o ' Set | 15 -
Bulk density I Set a 16
Particle Density | Set 16
Physical | Moisture Content Set 16
property . .
Water Absorpticn Set ' 16
Saturation rate C Set ' 16
Porosity Set - | 16
ucs . set : 15
Deformation set 15
Mechani ‘
CONAME | py: et shear strength set 10
al property : .
Tensile strength set 15
Point load strength set 87
Directly shear strength of rock mass set 24
joints
Los Angeles Abrasion . set 6
Crushing Test set 3
Alkali-Silica Reaction set 8
Water chemical analysis . set 4

Some investigation works are still not completed with some major in-situ and lab tests. The Upper
Arun Hydroelectric Company has signed a contract with Seil, Rock, and Concrete Laboratory
(SRCL) in October 2022 to excavate the remaining portion of test adit (AD5) at power house site.
It is about 160 m of length of adit remaining to be excavated, and till date, 75 m remaining to be
excavated. Likewise, SRCL has also been assigned to drill the borehole PBH4 (430 m), HBH2
(250 m) and TBHI1 (180 m), out of which HBH?2 is completed and PBI{4 and TBH! will be

completed before the start of this service. _ - W
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OBJECTIVE - N
The Consulting firm(s) shall provide the service as outlined below:

* Rock Mechanical test including Hydro fracturing, Block Shear, Plate bearmg tests, Dllatometer
tests, including mobilization, demobilization of all machines & equipment all complete. .

e In-situ stress test with over-coring method: two (2) at test adit (ADS) of the Powerhouse (PH)
including moblllzatlon demoblllzatlon of dll machmes & eqmpment all complete.

SCOPE

1. In-situ stress test by over-coring method

C.
d. .

1. Drlllmg holes at the se}ected test pom S
iv. Over-coring the rock mass to extract intact samples: for stress measurement, . -
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1.

methodoiogles and results to the UAHEL :
ii. Presenting the analyzed data mcludmg stless magmtudes, orlentatmns ‘
. findings. ' o '
i, 'Prowdmg recommendauons for the ge@techi ‘
'OHtCOITIEDS PR ST e e

2. Block Shear Tests

: The main ob_]eotlves ef the block sheal tests ir
foiiows L ’

a. To determine the shear strength parameters such as cohesmn and frxctmn characte_
rock masses within the tunnel ' SRR ST T O R

b. To evaluate the stabll' "

¢ I

'd.,

The consullmg ﬁrm(s) shall do followmg act1v1t1es but not’ hmlted to o

a. Phnmng and Preparatlon



i,
iii, Designir

_ b Test Executlo

i
ii.

{il.
iv.

V.

d. Reportmg

i

3.

C.

«;;%;W%\

Preparing the test adit by ensuring a ¢lean and stable testmg surface

ii. Presenting the analyzed data, mcludmg shear strength par ameters .and other-' ‘
i,
system based on the test outcomes

The Consuiting firm(s) shall conduct a hydrofractur 'i_hydro'
shown in the Investlgation Lay ut abov_ . Y

Con:ditions "

Moblllzmg necessary eqmpment and personnel to the test srte

Excavatmg representatlve block samples from_

support requirements e

Compilation and submission of a comprehenswe report summamzmg the test
methodotogies, and results to'the Client.. . S SR R

Provzdmg recommendatlons for the d631gn and analysm of t i

Hydrofracture/Hydrojacking Test

“To coilect data on pressu i3 res




b Pre-Test Preparatlons

111

¥,

d. Data Analys1s and Interpretatlon

i.
ii.
iii,

€. Repm'tmgo

i.

i,
’ -OLHCOIT]ES

4.

. me’chedologles and 1esu1£s to the Clis
' Presentmg the: analySIS of Lhe collecte

pressure hmlts

Mobrhzmg necessary equlpment and personn' |

Momtormg and recordmg mjeetlon paralf:_
injected. T LA L I e : .
Conductmg real-tlrne pressure tl an51ent analysrs to eval uate th fracture behavmr

-Collecting post-test data, including | pressure bulld*up and flo' back 1nformat10n
Analyzing the data to determine fracture: dlmensmns and eonductmty i
Prepar ing:a comprehenswe report summarrzmg the ﬁndmgs an ::recommendatlons.

Plate Bearing Test

The Consultmg ﬁrm(s) ShaI EPEIREC




valuable mfermanon for the desngn ati

, po erk

c. Data Analysns and Interpretatmn
i. Analyzing the recorded da ; to determ
if. Asséssing” the : ettleme

increments.” R
ifi. Interpretmg the test 1esults in the context of the powerhouse foundatl. )

d. Reportmg : -
i. Compilation. and bumeSSIOH of a comprehenswe report st 'marlzmg
o methodologles and resu]ts to the Chent
i,

iif. -
based on the test outeemes
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5. Dilatometer Test

The c'on'sumg"ﬁf“‘"“" 5 shall

the rock s‘e ata atl
tor gemeehmcal a""'

-The main objectlves of the dllatometer tests inbor _'oles HBI—I and:
a.

Selectmg approprlate,dllatome fer equipt

ili. Designing the dllatometel testmg program _=nclu _ng_fhe depth

test Spacmg

b Test Execution: . R
Moblhzmg necessary equlpmcnt and_:p" "

l.
Lesult:s : L :
il. Presentirig the: analyzed data mcludmg soxl or rock propertl

_.:;:relevant ﬁndmgs . S

iti. Prowdmg recommendatlons for geotechmcal analy_ ¢ -;

peo X v

To determme the in situ - rock propertles 1ncludmg the elastlc 1




]. Team leader / Geotechmcal Engmeer A geotechmcal engmeer shall specialize in studying
the behavior of soil and rock materials. S/he shall play a crucial role in planning and executing
proposed tests, selecting appropriate test locations, and ensuring the safety and integrity of the test
location.” S/he shall also provide expertise in interpreting the test results and assessing the
geotechnical properties of the rock mass. The Geotechnical Engineer should work as the team
leader and shall be responsible to manage overall services, coordinate and report to the Client
frequently.

The Geotechnical Expert shall have a Master’s degree in geotechnical engineéring or equivalent
~ discipline and must have at least 20 years of professional experience in conducting geotechnical
investigations and studies for dams and underground works.

- 2. Engineering Geologist: An engineering geologist shall provide geological expertise,
including the identification of rock types, structures, and potential geological hazards. S/he shall
~assist in selecting suitable locations test and provide context for understandmg the geologlcal

- conditions that may influence the test results. '

The Engineering geologist shall have minimum of Master’s degree in engineering geology, or
equivalent and must have at least 10 years of professional expetience in conducting engineering,
- geological investigations studies for dams and underground works.

3. Data Analyst: A data analyst is responsible for processing and analyzing the data obtained
from the proposed tests and laboratory testing. S/ he shall use statistical and analytical methods to
interpret the data, identify trends, and extract meaningful information. His/hér- expertise helps in
drawing conclusions and making recommendations based on the test results.

4. - Laboratory Technician: A laboratory technician shall perform various tests on the extracted
samples. S/ he shall have expertise in sample preparation, testing procedures, and operating;
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laboratory equipment. They shall play a critical role in conductmg standardlzed tests to determmeg
the physical and mechanical properties of the rock samples. i

SERVICES AND FACILITIES BY UAHEL

Documentation: UAHEL shall provide all relevant available documents, including reports on
previous studies that may be required for the performance of the services.

General Assistance: UAHEL shall provide the assistance in obtaining working permits, residence
visas, exit, re-entry and exit visas for the Consultant’s staff, other licensing documents, etc.
UAHEL shall also provide the assistance in facilitating and expediting customs procedures in
connection with importation and re-export (as needed) of equipment and materials necessary for
the Consultant’s services and for the personal use of the Consultant’s staff. '

Office space/Residence, facilities, and transportation: Office and living space at site including |
maintenance will be provided by the Client. Office space/ Guest house at Kathmandu will be rented
by the Consultant. The Consultant will rent the necessary numbers of vehicles for the entire period
of service.

Counterpart Staff

UAHEL will supply technical personnel to assist with the project’s tasks. The Consultant’s
responsibilities include, but are not limited to, the following activities:

» Engaging UAHEL’s technical staff from the _projeét’s outset for on-the-job training at the site;
¢ Offering. on-the-job training to UAHEL personnel while working on assignments in
Kathmandu/site.

The UAHEL will cover all costs associated with the on-the-job tfai-ning. The consultant will not
be responsible for any expenses related to the counterpart staff.

IMPLEMENTATION TIME SCHEDULE AND EFFORT LEVEL

The Consultancy Services shall be undertaken and completed within a period of 2 months and the
effort level of Key/Non-key Experts (International/National) for the 3331gr11nent is estlmated at 9
staff-months (indicative) covering all Tasks descrlbed above. .

The staff-month estimates are indicative and the Consultant is free to propose improvements to the
Terms of Reference and the schedule in its technical proposal. The Consultant shall propose a
detailed staffing schedule appropriate for the provision of the required consultancy services.

DELIVERABLES

Consultant shall provide following documents to the Client:




1. Ilard copy of test report including all tests performed as per scope of services Wlth relevant
photographs, backup calculations and result - 5 copies. '
2. Soft copy of the report - in USB device.

PAYMENT SCHEDULE

- The payment to the consulting service will be as follow:

S.N Milestones/ Stages Percentage of Total - Remarks
_ |  Contract Amount :
I Mobilization and Preparation = | 15% _ Initial  stage involves

mobilizing the overcoring |
machine and- all other |
necessary equipment and
personnel to the project
site and preparing for the -
‘ . in-situ tests
2 Data Collection and Testing 40% Includes conducting the
o ' actual in-situ tests and
collecting the relevant
_ . data - _ .
3 - | Laboratory Analysis and Reporting | 20% ' the laboratory analysis of
rock samples .and test
results are carried out to
determine the stress and
other relevant parameters

4 Quality Assurance and Additional | 5% Additional  testing  or
testing (if required) quality - assurance
measures may be

necessary to validate the

results or address any

concerns .

5 | Final Payment ' 20% : Involves the completion of |
' : all contractual obligations,

including the submission

of  all required
documentation and ﬁnal
reports

. e
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