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1 introduction and background
As part of the scope of work of Bara Project 2023-143 – Trinity Metals Life of Mine Planning, Trinity requested that a mining engineer from Bara undertake a visit to the Trinity mines in Rwanda for the period of one week every six to eight weeks during the completion of this scope of work.  During these visits the mines will be visited to assess progress on the ongoing mining projects and to engage with the mining teams.  The progress on the life of mine plans will be presented and discussed. In particular the plans will be discussed with the site mining and technical services teams to ensure that there is alignment between the short and medium term planning taking place on site and the life of mine plans. 

This note for record serves as a report on the observations made and discussions held by Clive Brown on the first of these scheduled site visits, which was undertaken from 19th to 23rd of February 2024.

2 Nyakabingo
2.1 BV 22 Decline

The trackless decline from BV22 has broken away and advanced approximately 8m. Some fall out of the hangingwall has occurred due to the presence of flat dipping structures. The resulting brow will be supported by means of steel sets and timber lagging before the face is advanced further.  It is expected that as the decline turns the orientation of the face to the predominant structures will be more favourable resulting in improved ground conditions. A geotechnical engineer should visit the decline and recommend ground support standard for the decline.

2.2 Rock engineering

It is recommended that Trinity arrange regular visits, at least once per quarter by a qualified underground rock engineer to complete an audit and revise ground support standards as and when required. This particularly important for the support of the decline below BV22 which is a larger excavation than the normal level development and will be turning and therefore not always at the same angle to the rock structures. Although not a legal requirement in Rwanda this will give mine management comfort that they have done all they can to mitigate the risk of a fall of ground accident.

2.3 Pumping, dewatering plan

As development advances below BV22 water will no longer gravitate out of the mine and will require pumping. It is understood that Marius van Biljon, a geohydrologist, has been engaged to model the likely ground water inflows into the mine.  This data can be used to develop a site water balance which in turn can be used to design a dewatering plan, which should include location of sumps, dams, pump stations and specification of pumps and columns. 

Bara request that Marius van Biljon’s work to model the groundwater inflows at Nyakabingo as the mine advances at depth be expedited and shared with the greater technical services team. 

A dewatering design can then be developed and implemented.  Bara can assist with the design of the dewatering system or could be used to review designs (Responsibility of dewatering design to be decided).

2.4 Orepass system from upper levels

As the plant is to be located at BV22 all ore from above BV 22 should report to BV22 via an orepass system to avoid rehandling.  The layout of the orepass system from BV13, BV14, BV18, BV20 and BV21 was discussed with Wisdom, who will prepare a layout for the orepass system.  The sign-off on the design of this orepass system should be accelerated so orepass can be established.

2.5 Ventilation
BV22 is currently ventilated by a single ventilation fan and column located at the entrance. A ventilation raise needs to be established linking BV22 to BV 21 so that through ventilation can be established and the fan can be moved forward.  However, the BV21 access crosscut is lagging behind the BV22 crosscut, preventing the holing between the two levels. BV21 crosscut should be prioritized to allow the holing of the ventilation raise.    

A ventilation plan needs to be developed for Nyakabingo which shows the flow of air and required quantities. Bara can assist with the development of a ventilation plan or can be used in a review role to review the plans developed by the mine team.  This can be decided and agreed.

3 Musha
3.1 Heza Decline

The Heza Decline is progressing although slower than originally planned. The standard of work is good and the particularly the ground support is being well done creating a safe work place for all. The commissioning of the continuous miner is eagerly anticipated as this will speed up the advance rate. Attention must be paid to maintaining grade (inclination). It good to see grade lines painted on the sidewalls and direction lines being taken from the survey pegs.

Bara Recommends that as soon as the ground conditions changes as the excavation moves from weathered into less weathered rock OHMS should be engaged to reassess the ground conditions and provide an updated ground support standard.

3.2 Dewatering/pumping plan/design

The decline face is currently dry but as development advances below the water table water will accumulate in the face. Also, when the continuous miner commences working it is equipped with water sprays for dust suppression so that will also create water in the face which will need to be dealt with.  A dewatering plan and pumping system needs to be designed so that it can be implemented as soon as it is required. Cover drilling will form part of the dewatering plan and should be implemented as per the recommendations of Marius van Biljon in his site visit report of report dated April 2023.  This report recommends cover drilling and predicts the water table to be at an elevation of 1530m. It is evident from observations underground that in the vicinity of the Heza decline this water table is lower as the decline is currently at an elevation of 1515 mamsl and conditions are dry.  However cover drilling should be introduced as soon as any water is evident in the face. This will also serve as an early warning of any unknown historical or artisanal workings in the vicinity of the decline.
The pumping system implemented in the decline needs to consider the life of mine dewatering requirements for Musha as all underground water reporting to the underground workings will need to be pumped to surface. 

3.3 Ventilation

Similarly to Nyakabingo a ventilation plan needs to be developed for Musha. This must include planning for how the lower levels will be ventilated and the paths that fresh air into the mine and return air out of the mine will take. I did note that ventilation is currently required in the Heza decline end to dissipate the diesel fumes from the bobcat when it is loading.  The fan and column are installed but electrical supply is not connected apparently due to switch gear not being available.

4 Rutongo

4.1 Masoro trade-off

Bara have completed some trade-off studies to determine the optimum solution for the handing of ore from Masoro. The options considered are:

1. Create a new mine entrance at Masoro BV7 and build a processing plant at Masoro.

2. Continue development of Masoro drive on Nyamyumba BV2 which will connect to Masoro BV7.  This will allow Masoro ore to be railed to Nyamyumba plant site.

3. Truck ore from Masoro to Nyamyumba plant by road.

4. Construct an aerial ropeway from Masoro to Nyamyumba plant site. The straight line distance is 1.8km.
The capital and operating costs of the four options were estimated based on current estimates of the costs made between Bara and Trinity technical services department.
The cashflows based on the operation of each option were estimated and scheduled, based on the mining tonnage currently in the 5 year plan.  The steady state tonnage in year 5 was extrapolated for an additional 5 years to model a 10 year mine life. The cost comparison included the following costs:
· Capital cost of the infrastructure to move ore from Masoro to plant

· Operating costs relating to transport and processing of ore

All other costs such as mining costs and overheads, which are common to all options were excluded.

The results of the trade off study are summarised in Table 4.1 and Figures 4.1 and 4.2 below.

Table 4.1 Summary of costs
	Option
	Capital Cost
	Operating cost
	Total cost
	Cost/tonne



	Option 1 - Plant on site
	750,000
	6,662,596
	7,412,596
	8.91

	Option 2 - Masoro drive
	96,300
	6,956,498
	7,052,798
	8.47

	Option 3 - Trucking ore
	
	8,114,287
	8,114,287
	9.75

	Option 4 - Aerial ropeway
	6,893,155
	8,053,833
	14,946,988
	17.96
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Figure 4.1 Total capital and operating cost (10 year mine life)
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Figure 4.2 Total capital and operating cost cashflow

The results show that the overall cost in Option 1 (Plant on site) and Option 2 (Masoro Drive) are close at US$8.91 and IUS$8.47 per tonne but Figure 4.2 shows that the cashflow schedule for Option 2 is preferable as the upfront capital is lower.

Bara are also concerned that the costs and complications of operating an additional remote plant such as environmental costs, tailings dam costs and security have not been captured here and would further increase the operating cost of the plant at Masoro. It is Bara’s recommendation, that unless there is a reason why the Masoro drive cannot be developed further to hole with Masoro BV7, which has not been brought to our attention, then this should be the preferred option, brining ore from Masosro to Rutongo plant by rail on BV32 elevation.
4.2 BV33 and below design

Access development on BV33 at Rutongo has progressed well and has intersected the vein structures. The intention is now to deepen the mine and gain access to and establish production levels below BV33. A number of means od accessing the ground below BV33 exist including:

· Sinking a vertical shaft from BV33 Elevation.

· Sinking an inclined shaft below BV33.

· Developing a trackless decline which can be equipped with either conveyors or can be used for trucking.

The mine already own a winder which was previously purchased to equip the vertical shaft between Bv32 and BV33 in the Southern part of the mine. The mining strategy has since been revised and the decision made not to equip the shaft in the South but to focus on establishing production capacity on the North side of BV33 and deepening the mine below BV33. This makes the existing hoist available for installation in a shaft from BV3 down.  The Condra hoist is illustrated below. 
[image: image4.jpg]—~———

R
NS
R

R
@

TR
R
A=

AN
A=
Al
A
A
.
A
N
A
7 ///V//l/”f/ﬂ// X

{ LV%/////&/M»,////// 2

///”V//Uﬁ T

P





Figure 4.3 Condra hoist currently in mine store
A winder calculation was completed by Bara engineers to check the capacity of the Condra hoist in this application. The results of the calculation are tabled below.

Table 4.2 Winder calculation to check capacity of Condra hoist
	 Item
	Unit
	Value

	Production Output
	tpd
	227

	Hoisting Time
	hrs/day
	18

	Payload - Hopper
	tons
	2

	Shaft Type
	 
	Vertical

	Inclination
	Degrees
	90

	Approximate Shaft Dimensions 
	m
	2 x 2.5

	Length of Wind
	m
	30

	Personnel Hoisting Capability
	 
	No

	Winch / Winder Type
	 
	Single Drum

	Motor Power
	kW
	36

	Drum Diameter
	mm
	0.80

	Drum Width
	mm
	0.84

	Gearbox Ratio
	 
	107:1

	Hoisting speed
	m/s
	0.29

	Rope Diameter
	mm
	20

	Rope - No. of Falls 
	 
	2


Th calculation shows that if the hoist is installed in a shaft accessing BV34, 30 m vertically below BV33, the hoisting capacity will be 227 tonnes per day.  This amounts to approximately 6000 tonnes per month.  Although this is probably sufficient capacity to handle production from BV34 it will not be sufficient to service the lower portions of the mine over the life of mine. From 2027 on Nyamyumba below BV33 is scheduled to produce 120,000 tpa or 10,000 tpm.  Therefore the sinking of a shaft and use of the Condra hoist can only be considered an interim measure to service BV 34 in the medium term.  Figure 4.4 below illustrates a possible conceptual design of the shaft.
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Figure 4.4 Conceptual shaft design for Condra Hoist

Bara have considered three additional shaft options which could service the life of mine requirement of 10,000 tpm from below BV33. All options were specified to access an additional 3 production levels over a vertical depth of 90 below BV33. The options include:

· Option 2 – A single drum winder for rock hoisting only

· Option 3 – A double drum winder capable of hoisting men and material as well as rock

· Option 4 – An inclined shaft at 34 degrees for rock hoisting

The table below shows the shaft dimensions and winder sizes required for these options.

Table 4.3 Additional shaft options considered
	 
	Unit
	Scenario 2
	Scenario 3
	Scenario 4

	Production Output
	tpd
	303
	334
	339

	Hoisting Time
	hrs/day
	18
	11
	17

	Payload - Hopper
	tons
	2
	2
	2 + 2

	Shaft Type
	 
	Vertical
	Vertical
	Inclined

	Inclination
	Degrees
	90
	90
	34

	Approximate Shaft Dimensions 
	m
	3 x 2.5
	4 x 2.5
	2 x 4

	Length of Wind
	m
	60
	120
	114

	Personnel Hoisting Capability
	 
	No
	Yes
	No

	Winch / Winder Type
	 
	Single Drum
	Double Drum
	Single Drum

	Motor Power
	kW
	90
	175
	175

	Drum Diameter
	mm
	1500
	1500
	1500

	Drum Width
	mm
	1500
	1500
	1500

	Gearbox Ratio
	 
	28:1
	28:1
	28:2

	Hoisting speed
	m/s
	4
	4
	3

	Rope Diameter
	mm
	25
	25
	25

	Rope - No. of Falls 
	 
	1
	1
	1


Previous work conducted during the Musha access trade-off study showed that a vertical shaft of this nature will cost in the order of US$3.5 million and take at least 12 months to construct. This will delay production from below BV33 by at least 18 months after the start of shaft sinking.
The development of a trackless decline will establish production quicker as production can commence on BV34 while the decline continues down to lower elevations. The capital cost of the decline will be spread over a longer period and not required to be spent upfront prior to production commencing.

Considering all of the above and discussing the options with the mine operational and technical services functions, Bara recommends that access to the levels below BV3# be established by trackless decline at an inclination of -90.  Bara undertook to prepare a preliminary layout of the decline for review by the mine management.

4.3 Ore pass system linking upper levels to BV3

In order for ore from the upper levels, above BV33, to report to the new plant site outside of BV33 an orepass system needs to be established linking BV4, BV28A, BV31, BV32 and BV33. This orepass system will be established in the North of the mine in the vicinity of the BV33 Access crosscut. The Trinity mine planner undertook to prepare a draft layout of the orepass system for review by Technical services and Bara Consulting.
4.4 BV33 layout

Considering the ore from Masoro, Nyamyumba above and below BV 33 will pass through BV 33 to the plant BV33 needs to be designed as a main haulage level. Without special consideration of the management and flow of rock, men and material it will become congested and limit the production capacity of the mine.
It is proposed to install wider gauge rails which will accommodate larger rolling stock on BV 33.  Ore from the other levels, both above and below BV33 will be tipped into orepasses which will load into the dedicated trains on BV33 which will move ore from the orepasses to the plant.

Bara will prepare a draft layout of BV33 for review by the mine management.

4.5 Water balance and groundwater inflows, Pumping dewatering plan

Similarly to both Nyakabingo and Musha, as mining progresses below the lowest adit level water will need to be pumped out of the mine as it will no longer gravitate out. It is understood that Marius van Biljon, a geohydrologist, has been engaged to model the likely ground water inflows into the mine.  This data can be used to develop a site water balance which in turn can be used to design a dewatering plan, which should include location of sumps, dams, pump stations and specification of pumps and columns. 

Bara request that Marius van Biljon’s work to model the groundwater inflows at Rutongo as the mine advances at depth be expedited and shared with the greater technical services team. 

A dewatering design can then be developed and implemented.  Bara can assist with the design of the dewatering system or could be used to review designs (Responsibility of dewatering design to be decided).

4.6 Ventilation plan

BV33 is currently ventilated by a single ventilation fan and column located at the entrance. A ventilation raise needs to be established linking BV33 to BV 32 so that through ventilation can be established and the fan can be moved forward.  

A ventilation plan needs to be developed for Nyamyumba which shows the flow of air and required quantities. Bara can assist with the development of a ventilation plan or can be used in a review role to review the plans developed by the mine team.  This can be decided and agreed.

4.7 Masoro mine design

A mine design needs to be developed for Masoro to access the mining areas below BV7. This work has not commenced and Bara undertook to commence with a draft layout for the Masoro mining below BV7.
5 General

5.1 Mine planning software

Currently Trinity are using a number of different software packages including:
· Surpac (Keith Young) – survey

· Microsurvey – survey

· Micromine – geology

· Deswik – long term planning by Bara
In order to streamline workflows in the future a standard needs to be developed which ensures that data is readily transferable and accessible to all functions on the mine. Ideally this would involve the purchasing of a single mineral resource management and mine planning platform however this is a costly option and may not be necessary in the short to medium term. Bara do recommend that in future survey drafting is done in a 3 dimensional model.  Microsurvey is capable of doing this.  Plans and data can then be exported either as text files (.txt or .csv) or drawing exchange files (.dxf). These can be imported by all other CAD packages including Micromine and Deswik.
Currently medium and long mine scheduling is done on excel spreadsheets and is not linked spatially to the mine plans. In order to be compatible with at least some of the other package in use at the moment the options for a mine planning package are Micromine or Deswik. CB undertook to investigate the mine panning capability of Mircomine and report back to Trinity technical services. 
5.2 Equipment selection 

Trinity supply chain have issued an enquiry for the supply of mechanised mining equipment.  One of the potential suppliers GMG, based in Johannesburg has invited Michael to visit their facility.  CB will join the visit.
6 Action LIST
	No.
	Action
	Who
	By When

	1
	Nyakabingo
	
	

	1.1
	Rock Engineering review of Nyakabingo
	Calvin to engage OHMS
	

	1.2
	Nyakabingo pumping design

Groundwater model

Water balance

Pumping design
	Marius van Biljon

Wisdom/Willem?

Willem/Bara?
	

	1.3
	Nyakabingo orepass system

Layout

Development

Equipping (Boxfronts, tips)
	Wisdom

Willem?

Willem
	

	1.4
	Nyakabingo Ventilation plan
	Willem/Bara
	

	1.5
	BV22 to BV23 Ventilation raise
	Wisdom/Willem
	

	2
	Musha
	
	

	2.1
	Rock Engineering review Heza Decline
	Calvin/OHMS
	

	2.2
	Musha dewatering plan

Groundwater model

Water balance

Pumping design

Cover drilling design and layout

Implement cover drilling
	Marius

Wisdom/Neza?

Louis/Bara?

Wisdom/Neza

Louis
	

	2.3
	Musha ventilation plan
	Louis, Neza/Bara
	

	3
	Rutongo
	
	

	3.1
	Orepass layout
	Joseph/Clive
	08/03/24

	3.2
	BV33 Layout
	Clive
	15/03/24

	3.3
	BV33 Decline layout
	Clive
	08/03/24

	3.4
	Nyamyumba dewatering plan

Groundwater model

Water balance

Pumping design
	Marius

Wisdom/Jaco?

Jaco/Bara?
	

	3.5
	Nyamyumba Ventilation plan
	Jaco/Bara
	

	3.6
	Masoro Mine design and layout
	Bara (Clive)
	31/03/24

	4
	General
	
	

	4.1
	Investigate Micromine mine planning capability
	Clive
	31/03/24

	4.2
	Visit to GMG, Johannesburg
	Michael, Clive
	8/03/24
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