TERMS OF REFERENCE (TOR)
Structural, Geotechnical and Hydraulic Assessment of Mukhrani Tunnel

1. Background and Objective
Mukhrani Tunnel is a strategic hydraulic infrastructure currently in operation. Recent inspections have identified the appearance and progression of structural pathologies, including longitudinal, diagonal and branched cracks in the tunnel lining, local material loss and potential seepage through fissures. These damages show an apparent increase compared to previous inspections and may compromise the serviceability, durability and long-term stability of the tunnel.
The objective of this assignment is to carry out a comprehensive multidisciplinary assessment of the tunnel in order to:
· Diagnose the current structural, geotechnical and hydraulic condition;
· Identify root causes of observed damages;
· Evaluate risks associated with continued operation;
· Define immediate, short-term and long-term mitigation and rehabilitation measures.

2. Scope of Services
The Consultant shall perform the following tasks.

3. Review of Existing Documentation
· Review of all available background documentation, including design drawings, previous inspection reports, geotechnical data, hydraulic data, operational records and maintenance history.
· Identification of information gaps to be addressed during field investigations.
· Preparation of a focused inspection and investigation plan.

4. Detailed Tunnel Inspection and Damage Mapping
· Detailed visual inspection of the tunnel, including crown, sidewalls and invert.
· Systematic mapping of all observed defects, including:
· Crack classification (longitudinal, transverse, diagonal);
· Location (chainage, crown, springline, invert);
· Length, orientation and crack width (mm);
· Identification of active vs passive cracks (where possible);
· Identification of construction joints, cold joints and lining discontinuities.
· Identification and documentation of:
· Zones with material loss, spalling or delamination;
· Signs of leakage, moisture, staining or seepage;
· Areas of reduced lining integrity.
All findings shall be geo-referenced and integrated into a defect register.

5. Non-Destructive Testing (NDT)
The Consultant shall define and supervise a non-destructive testing program, including as a minimum:
· Ultrasonic pulse velocity tests to assess concrete homogeneity and detect internal defects;
· Rebound hammer tests for indicative assessment of concrete compressive strength;
· Ground Penetrating Radar (GPR) to identify:
· Lining thickness variations;
· Voids or loosened zones behind the lining;
· Delamination or poor bonding areas;
· Moisture and seepage detection in cracked zones.
The selection, density and methodology of NDT shall be justified by the Consultant.

6. Geophysical Investigations
6.1 Scope
Geophysical investigations shall be aimed at identifying:
· Voids or loosened zones behind the lining;
· Variations in rock mass quality;
· Faults, shear zones or weak geological layers intersecting the tunnel;
· Zones of groundwater inflow or saturation.
6.2 Activities
· Preparation of detailed Terms of Reference for geophysical surveys along approximately the full tunnel length (~4.3 km), subject to access and hydraulic conditions;
· Review and technical evaluation of bids submitted by specialized contractors and recommendation for contract award;
· Supervision of field investigations;
· Review and acceptance of geophysical survey reports.
The Consultant shall justify the selected geophysical methods (e.g. seismic tomography, electrical resistivity tomography) and their expected resolution.

7. 3D Laser Scanning Survey
The Consultant shall:
· Prepare the Terms of Reference for high-resolution 3D laser scanning;
· Supervise the execution of the survey;
· Review and approve the deliverables, which shall include:
· High-resolution geometric model of the tunnel;
· Deformation analysis (ovalisation, convergence, misalignment);
· Comparison with previous surveys, if available;
· Digital model suitable for structural and hydraulic analysis.

8. Hydraulic Assessment
The hydraulic assessment shall evaluate the interaction between hydraulic operation and structural behaviour, including:
· Review of operational flow regimes (normal operation, peak flows, empty tunnel conditions);
· Evaluation of internal hydraulic pressures and transient effects (rapid filling/emptying, water hammer);
· Assessment of external hydrostatic pressures acting on the lining;
· Identification of locations where hydraulic conditions may aggravate structural damage or seepage.

9. Structural Analysis and Numerical Modelling
· Development of representative 2D and/or 3D numerical models of the tunnel;
· Assessment of stresses and deformations in the lining under current and worst-case loading scenarios;
· Verification of serviceability and ultimate limit states;
· Sensitivity analysis considering degradation of material properties and ground conditions.

10. Monitoring Proposal
The Consultant shall propose a monitoring strategy including:
· Definition of short-term and long-term monitoring needs;
· Proposal of instrumentation (crack gauges, convergence measurements, piezometers, etc.);
· Monitoring frequency, thresholds and alarm levels;
· Integration of monitoring results into asset management decisions.

11. Risk Assessment
· Identification of potential failure modes;
· Risk analysis using a probability–consequence matrix;
· Classification of identified risks;
· Evaluation of residual risks after implementation of mitigation measures.

12. Problem-Solving and Rehabilitation Proposals
The Consultant shall prepare a comprehensive set of mitigation and rehabilitation measures, clearly distinguishing:
· Immediate safety measures (if required);
· Short-term repair actions;
· Long-term rehabilitation solutions.
For each option, the Consultant shall provide:
· Technical description;
· Constructability under operational constraints;
· Comparative assessment (cost, risk reduction, durability);
· Recommended option and implementation roadmap.
Potential solutions may include, but are not limited to:
· Crack injection and sealing;
· Lining strengthening or partial relining;
· Drainage and pressure relief measures;
· Local or full structural rehabilitation.

13. Reporting
The Consultant shall deliver the following reports:
1. Factual Inspection Report summarizing inspections, NDT, geophysical investigations and 3D scanning results.
2. Hydraulic and Structural Assessment Report, including modelling results.
3. Risk Assessment Report.
4. Final Integrated Report, consolidating findings, conclusions and recommended actions.
All reports shall include drawings, photographs, defect registers, models and appendices as required.

14. Deliverables
· Terms of Reference for geophysical and 3D scanning surveys;
· Supervision reports;
· Intermediate technical notes (if required);
· Final reports in editable and PDF formats.

15. Professional Requirements
The Consultant shall demonstrate:
· Proven experience in hydraulic tunnels and underground infrastructure;
· Multidisciplinary expertise (structural, geotechnical, hydraulic);
· Experience with tunnels in operation;
· Independence and technical impartiality.

