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TERMS OF REFERENCE
for service awarding
	
[bookmark: _Hlk228880707]Regarding: Prefeasibility Study to select an option for optimizing the technological circuit of the Asarel Concentrator Plant for processing hard ores at 15 million tonnes of annual throughput.


1. Current situation
  The Asarel mine is operating a deposit also called Asarel of copper-pyrite ores in an open-pit method. The annual throughput of ore to be processed at the Concentrator Plant is 15 million tonnes. The Asarel mine processes copper-porphyry ores in an ore comminution circuit, including the following processes (workshops): Primary (Coarse) Crushing Sector (primary crushing), Disintegration Sector (AG Grinding Sector), Secondary and Tertiary Crushing Sector (medium and fine crushing) and Ball Mill Area (ball mills).
Based on the prepared scenarios of calendar schedules for the reserves mining from the Asarel mine, it becomes obvious that the proportion of propylites in the remaining years will increase, reaching up to 75% of the total ore mix in individual years. A trend has been observed in the recent months showing a decrease in the percentage of argillites in the ore mix fed to the concentrator plant, which has had a negative impact on the planned processing in the Disintegration Sector (AG Grinding Sector). The increasing percentage of propylites and secondary quartcites has a negative impact on the equipment performance within the ore comminution circuit of the Asarel Concentrator Plant. It has been practically proven that propylites are of high hardness and therefore critical for the "comminution" processes (crushing and AG grinding). With the crushing of secondary quarcites, the clays included in them are separated, which leads to a decrease in the efficiency and crushing degree of cone crushers. Quartcites are often of higher hardness than propylites and, given the high content of SiO2, they also make grinding by ball mills difficult.
The reason for the low throughput in the Disintegration Sector (AG Grinding Sector) is the processed ores of high hardness. The disintegrators (AG mills) can operate with a throughput of 400 t/h, but this depends on the particle size and hardness of the processed ores. In the cases where hard ores with particle size of +10.00-80.00 mm pass quickly through the discharge grid and are directed to secondary crushing area. Then, the disintegrators (AG mills) can achieve maximum throughput, but the product which reports to the secondary crushing circuit reaches a volume beyond the capabilities of the installed capacities. In this case, the maximum hourly throughput of secondary crushing circuit is limiting, which is maintained by reducing the load in the Disintegration Sector (AG Grinding Sector). The highest throughput is achieved when the percentage of the product with a particle size below 5.00 mm is increased, reaching a percentage of 60%. This is possible only when the argillites have a high percentage in the ore mix, usually about 30%.
The second critical moment for Disintegration Sector (AG Grinding Sector) is when operating with ores of high hardness and particle size over 80mm. Large and hard pieces are retained in the disintegrators (AG mills), the ore discharge  and, accordingly, the ore feeding to the downstream circuits is delayed. In this case, the hourly productivity of the Disintegration Sector (AG Grinding Sector) drops, which hinders the implementation of the plan for fed and processed ore.
        2. Requirements for the nature, content and scope of work, the specifics and the required ultimate goal of the service.
The purpose of the task is to conduct a Prefeasibility Study to select an option for optimizing the technological circuit of the Asarel Concentrator Plant for processing hard ores at 15 million tonnes of annual throughput.
Based on the experience gained in ore communition processes, it would be appropriate to evaluate the options for implementing SAG and HPGR mills.
The fact is that the ore hardness will increase when mining deeper and the technological equipment in ore communition circuit will not be able to cope with their throughput, especially in the years 2029, 2030 and 2031, in which the percentage of propylites will be 58%, 65% and 75%, respectively. The annual throughput of 15 million tonnes of high-hardness ores will be possible if timely and correct decisions are made.
Copper-porphyry ores are processed at the Asarel mine  which are classified mainly into three types of metasomatic alteration types (propylites-PR, argillites-AR, secondary quarcites-VC). Due to the differences in their copper grade and physical and mechanical properties, these ores are fed to be processed at  the Asarel Concentrator Plant in the form of a ore mix. The differences in the physical and mechanical properties of the individual metasomatic alteration types (hardness, structure, texture, degree of metasomatic alteration, etc.) predetermine that an exact ratio between the three types of ore hosting rocks shall be maintained in order to achieve optimal distribution of the ore comminution products (after AG grinding circuit). It has been established based the long-term experience of the Asarel mine and concentrator plant that the optimal ratio between the three metasomatic alteration types in the ore mix is 1:1:1. In future mining operations, the percentage of relatively harder ores is increasing and will require that a modification be made in the ore mix and ore comminuton  technologies in the concentrator plant.
The increasing hardness of the ores at the Asarel mine will require more electric power for their processing in the future and the hourly throughput of the disintegrators (AG mills) will remain low. The existing AG mills were selected and implemented in a technological circuit to cope with the high clay content in the ore mix and so far they have fulfilled this purpose.
The conversion of AG mills into SAG mills by adding grinding media and reducing the size of the semi-autogenous mill discharge grid is one of two options for processing high-hardness ores in conventional ore feeding schemes, in order to reduce the impact of hard ores on the mills and, accordingly, the achieved throughput in the sector.
The second popular method is the implementation of HPGR (roll crushers) in the second or third stage of crushing with subsequent grinding in ball mills.
[bookmark: _Hlk195017629]	Both technologies, SAG and HPGR, shall be part of the options studied in the Prefeasibility Study, taking into account all factors related to the principle of equipment operation, application and effectiveness of each technology in ore processing, benefits and drawbacks, energy efficiency, capital and operating costs, operability (operational stability of the technology), etc.
Samples from the mine and the Asarel Concentrator Plant will be studied with which the following tests will be conducted: Bond work index (Bond work index measures the energy required for grinding), SAG power index (determination of the ore grinding time to a certain particle size, SPI - Semi-autogenous grinding energy index), JK Drop Weight (JK test for determining the ore sample crushing parameters during free fall) and SMC (Semi-autogenous grinding test for determining the ore susceptability to be crushed). Bond work index tests will be used for throughput assessment and mine planning formulas for the throughput. SPI tests will be used for quality control of Bond work index tests and for information about the ore where Bond work index values ​​are not available. JK Drop Weight and SMC test data will be used to model various ore comminution circuits and product metal balances.

               The samples required for the tests shall be as follows:
· a representative ore sample of the argillite alteration type;
· a representative ore sample of the propylite alteration type;
· a representative ore sample of the secondary quartzite alteration type;
· a representative sample of the ore miz in set ratio according to the developed calendar schedules for the ore reserves mininguntil the end of the mine life;
· a representative sample from the disintegrators (AG mills) discharge product
· size 10 - 80 mm.

   The main indices listed below shall be determined for the samples specified above:
· SG (t/m3) - Specific gravity
· Bond work index (kWh/t) - Bond work index
· SPI (kWh/t) - Semi-autogenous grinding energy index
· JK Drop Weight (kWh/m3) – crushing parameter of the ore sample during free fall
· SMC* (kWh/t) – parameter from semi-autogenous grinding test for determining the ore susceptibility to crushing

             SMC* - Four key parameters from the SMC test:
1. А х b – Main index for susceptibility to crushing.
	А х b value
	Ore characteristics

	> 100
	Very easy to crush

	50-100
	Medium easy to crush

	< 30
	Very difficult to crush


2. ta – tendency to abrasion.
3. DWi – crushing index, used to calculate the energy required.
4. Morrell’s equations – used to estimate the energy requirements for different types of mills:
- SAG;
- Ball mills;
- HPGR.
      The study shall be conducted in the laboratory of the bidder company. The bidder shall provide a work program for conducting tests, which shall be coordinated by the specialists of. A proposal (options) for the most effective ore comminution circuit shall be presented in the Prefeasibility Study:
· from those used in world practice;
· for the remaining ore reserves in the Asarel mine, including the applicability of SAG and HPGR technologies.
		        From Asarel-Medet JSC:
		        Providing available information and data. 
		        Contact persons: 	
        Eng. Delcho Chernev – Asarel Concentrator Plant Manager, dchernev@asarel.com   
                  Eng. Ivaylo Vasilev – Innovations, Planning and Development Director, ivasilev@asarel.com 

	           From the Contractor:
· Collection of all required data on the proven and estimated reserves in the Asarel deposit until the complete mining of the ore reserves at a cut-off grade of 0.08% Cu.
· The SAG and HPGR options shall also be investigated in the Prefeasibility Study.
· Conducting laboratory, semi-industrial and industrial tests for informed decision-making.
· Study and presentation of world practices for processing high-hardness ores. Providing an opportunity to check references for the proposed technologies.
· Work program implementation.

		    From Asarel-Medet JSC
Organizing an Expert Technical and Economic Council at Asarel-Medet JSC and reviewing the developed Prefeasibility Studies for processing of hard ores with an annual throughput of 15 million tonnes.

   3. Quality requirements to the service
   3.1   Competitive part:
· The bidder company  must be familiar with the ore mining and processing technology and carefully assess the work volume.
· A proposal for a final price for the task implementation, with unit values ​​for each test shall be submitted.
· The quotation must contain a Work Program and a table for the task implementation, including planned activities, respective implementation deadline, unit and total value (in BGN, excluding VAT).
· The quotation must contain an overall calendar schedule for the task implementation.
·  The quotation must contain an hourly rate and number of man-hours for the individual items.
· The quotations must contain a detailed description of the activities with specific unit and total prices.
· The quotation must contain a financial payment scheme for the project and the task.
· The options provided for the task evaluation and implementation must comply with all regulatory requirements in the area of environmental protection and occupational health and safety. 
· Implementation deadline in business days.
· Readiness to start work.
· Evidence of technical experience, qualifications and capabilities of the applicant.
· Validity period of the quotation – not less than 90 days;
· Submission of recommendations from 3 other previous clients or acurrent client and a Reference List of Employers with addresses, telephone numbers and contact persons for tasks of a similar nature performed.

3.2 Non-competitive part
· Registration
· Exact address, names of contact persons, telephone, fax and e-mail
· Court registration of the contractor
· Current status certificate of the company
· Requirements for cooperation from the Client and the task implementation conditions.
 
       4. Method and criteria for approving the performed work.
	       The task shall be approved according to the procedure established in the Company:
· Report submission (Prefeasibility Study) with a takeover certificate
· Scheduling a date for the Expert Technical and Economic Council meeting in the Company to review the Prefeasibility Study
· Conducting the Expert Technical and Economic Council meeting with reviewing the report and making a decision to complete the task or move to the next stage.
· Approval of  a report by the Expert Technical and Economic Council (without exceptions on the implementation) by the Executive Director of the Company.

Prepared by                                    		   Coordinated by

          Asarel Concentrator 				   Innovations, Planning and
          Plant Manager                                                  Development Director
       Eng. D. Chernev                                                        Eng. Iv. Vasilev
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