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Executive Summary
This Water and Wastewater Management Plan was initially developed by WSP UK Ltd for the proposed
Teghout Copper Molybdenum Mine Project in Armenia. Key aspects studied include overall site water
balance, the hydrogeological and hydraulic impacts of the tailings facility, water efficiency measures and
water quality monitoring programme. The plan also identifies key water management risks, control and
contingency measures. At the time of this revision of the study in 2014 essentially all support
infrastructure for the mine and key elements of the surface water capture systems in the vicinity of the
tailings and overburden and stockpile areas was completed.
A review of the site water balance has identified that the proposals for the facility are sustainable and
within expectations. The major consumption of water on‐site is from the ore processing facility and this
is effectively managed by the recycling of process effluent via a tailings facility. The process supply from
the tailings is supported by a secondary abstraction from the River Debed. The proposed system
provides relative flexibility permitting the volumes of water returned from the tailings to be increased
should this be feasible. The tailings design also includes for contingency measures to manage seasonal
variations in rainfall and storm events.
As recommended by the initial Plan, hydrological investigations have now been completed to determine
net acid generating potential of tailings waters. Findings of these investigations will be incorporated into
the leachate mitigation strategy.
Water efficiency measures already implemented across the site include the tailings recycling concept.
Further investigation has not identified potential water efficiency savings on the potable water supply
system.
Water quality monitoring programme has now been extended from the initial 7 number sites to 28
(inclusive 5 sampling points for acid generation potential assessment as well as 3 sampling points of
ground water below tailings dam) monitoring points. Additional monitoring covers quality of water used
for potable water consumption and monitoring of potential sources of contamination including the
tailings and stockpile areas.
A site water management strategy has been developed for the site covering the construction and
operational phases. These include controls for water, wastewater and surface water run‐off systems,
erosion and sediment control and contingency measures should maximum permissible concentrations
be exceeded at sample monitoring sites. A key recommendation of the strategy has been implemented,
and a dedicated Projects Environmental and Community Co‐ordinator was appointed to be responsible
for the monitoring of the water systems and implementation of contingency measures.
At the time of this revision River Debed abstraction pumping station and transfer pipeline and tailings
gravity supply pipeline were all completed.
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OBJECTIVES
The objectives of this water management plan are to:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Ensure that all possible water sources are considered when planning the provision of a water supply
for the mining operations.
Plan for and manage the effects of the local climate.
Ensure that high quality water is used only in situations where it is essential, or no other suitable
water source is available.
Ensure that mining activity does not adversely affect the quality and quantity of public and private
drinking water supplies.
Minimise the adverse effects of the abstraction and release of water on environmental, social and
cultural values.
Optimise the use of surplus water on site to reduce the effects of releases to the environment.
Maximise water use efficiency to reduce the need for water to be abstracted from the environment.
Use a monitoring and evaluation process to adaptively manage the effects of abstractions and
releases on the water regime, both at mining sites and in the catchment(s) in general.
Ensure that water management planning includes consideration of the mine void after the mining
operations cease.
Ensure that the cumulative effects of individual mining operations are considered and managed.
Maximise cooperation in water management activities between mining operations, to reduce the
impact on the environment.
Develop and maintain positive relationships between stakeholders so that information needed to
properly manage water resources is shared.
Comply with all regulatory requirements (where applicable) and other legislation with regards to
water, erosion and sediment control, management and monitoring.
Identify activities that could cause impacts to surface and groundwater.
Identify activities that could cause soil erosion and generate sediment.
Provide procedures associated with reporting the results of the monitoring.
Assess the hydrogeological conditions and hydraulic impacts of water withdrawal and discharge
including potential drain down impacts in the case of leakage.

The following sections provide some background and details on the management measures to minimise
water quality or erosion and sediment control impacts during the construction and operation of the mine.

BACKGROUND DATA
2.1

Site Description

The project includes the construction of a mining and processing plant with an average production capacity
of 52,787 tpa of copper concentrate and 812 tpa of molybdenum concentrate (with a copper content of
about 30% and molybdenum content of about 50 %).
The planned period of deposit development to a level of 890m is 19 years. The mining and processing
complex will process 7,000,000 tpa of ore.
Ore and stripped materials will be carried by heavy‐duty dumping trucks with a load‐carrying capacity of
about 96 tonnes.
Ore will be processed using the flotation method at a process plant.
It is planned that most of the materials for the plant will be delivered by rail or motor transport to the
loading‐unloading facility (‘terminal”) located near Akhtala train station. Export of concentrate and waste
materials, import of fuel, lubricants and supplies will be undertaken by road.
The complex will include the following core and auxiliary facilities:

1 | 28

2.1.1

Open pit mine

The open pit mine will be excavated to a level of 890m over a for 19 year period under the 1st stage of
project. The maximum open cast mine concession area is 212 ha. The pit statistics are maximum length:
1,520m; width: 1,090m; depth: 480m; edge slope angle: 33‐45 degrees. The annual capacity of the open
pit mine will be 7,000,000t of ore mass and up to 64,000,000m3 of stripped soils and rock burden materials.
2.1.2

Open‐pit mine support area

The mine support area is located to the north of open cast mine. The support area is about 2 ha and
comprises of the following:
•
•
•
•
•
•
•

Heavy duty dumping truck garage with a parking
Truck washing house with wastewater treatment facilities
Refuelling station with fuel and lubricant storage
Administrative building
Boiler‐house
Drinking water tanks
Clean water tanks for technical use.

2.1.3

Process plant

An area of 8.1ha is allocated for the process plant. The mill has a design throughput of up to 12,000,000
tonnes per annum to allow for potential expansion. The mill is located on the northwest end of the site
whilst the access areas are located on the southeast side of the area. The following facilities are located
on the process plant site:
•
•
•
•
•
•
•
•
•
•
•
•

Coarse crushing building
Conveyor gallery from coarse crushing building to crushed ore storage
Crushed ore storage
Conveyor gallery from ore storage to grinding area
Grinding area
Flotation area
Dewatering area
Administrative building
Drinking water tanks
Fresh water tanks
Return water tanks
Boiler house

2.1.4

Tailings storage

Mill wet tailings will be placed in a tailings dump located in the gorge of the Kharatanots stream (Pakasajur)
to the northwest of the mine and mill site, some 700m from the process plant. Total tailings storage
capacity is estimated to be 380 mln m3. Construction of gravity tailings pipeline, as well as primary dam is
currently complete.
While most of the tailings would be discharged by gravity, using pumps should allow accommodating the
entire volume of tailings to be generated over the life of the mine. According to the current estimates, the
final tailings storage area will cover an area of 250 ha.
2.1.5

Dumps

Over and interburden rock materials will be stored on dumps located in the Dukanadzor stream gorge.
Dumps of about 60 mln m3 total capacity are planned.
Turquoise‐bearing rocks of economic value will be stored in a separate stockpile for subsequent use. The
location and area for such stockpile is currently being assessed. Following processing overburden
Turquoise‐bearing rocks will be transferred to the waste dump in the Dukanadzor stream gorge.
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2.1.6

Explosive Storage Area

The existing explosives storage area located between Akhtala and Shamlough settlements will continue to
be used. In addition, a live storage warehouse is being built on a 1.5 ha area located 210 meters southeast
of the turquoise rock storage area on a separate land plot. The warehouse is designed to accommodate
500 tonnes of ammonium nitrate and 3.5 tonnes of explosives.
The main storage will be connected to the main motor road by a 0.5 km long motor road.
2.1.7

Storage areas

The following facilities were built to support the plants core and auxiliary production units with material
and equipment:
•
•
•

Crushed‐ore storage with a 1.5 day capacity
Copper concentrate storage on the dewatering area and dried molybdenum concentrate storage on
the molybdenum area. Storage capacity will be equal to a 5 day stock
Truck weighing house with a load‐carrying capacity of 80 tonnes located on the main road from the
process plant and intended for primarily weighing the shipped materials.

2.1.8

Loading‐unloading facility (terminal)

The facility is located near the Akhtala railway station and existing rail sidings track with a freight‐handling
ramp. A ramp is used to load and unload various cargoes. The existing buildings and non‐developed areas
in the vicinity of this terminal are used as required for covered or open storage. The distance from the
facility to mill production area is about 17 km. The area has been equipped with cement silos and
transhipment facilities to support project construction activities.
The following support facilities are planned to be further constructed on the area:
•
•
•
•
•

2000m3 oil product storage
Storage of equipment
Main storage for materials and equipment
Concentrate loading facilities
Dormitory with a canteen for the staff

2.1.9

Water intake from the Debed River

The water intake on the Debed River is located on the left river bank and associated with the location of
an old pump station. The distance from water intake to mill production site is 7.5km.
2.1.10 Other support facilities
The following additional support facilities are being used:
•
•
•
•
•
•
•
•

110/10/6kV substation
Office building with a dormitory (built in the Teghout village)
Utility sewage treatment facilities (to be located downstream the Kharatadzor mouth on the Shnogh
river)
Fresh and return water pumping station (located near the tailings storage return water pond)
Mechanical repair shop
Material and equipment storage
Garage for common motor vehicles with a refuelling station
110/10/6kV substation

2.1.11 Roads
The main access road to the main mine facility is 8.7km long connecting the mill production site with the
M6 road. The road carries all freight traffic. The road bypasses Shnogh and Teghout villages.
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The total length of internal dump removal and ore transportation roads for the planned open cast mine
development period is 7.6km, of which 7.0km has been completed as of end‐2014.
2.1.12 Power supply
A duty/standby power supply is provided to the site via dual 110kV feeds from the Alaverdi‐2 substation .
2.1.13 Heat supply
Heat, hot water (only administrative building) and steam for process purposes is supplied to the process
plant from an on‐site boiler‐house. The boiler house is equipped with 2 boilers with 190 kw capacity each
(1 operating, 1 standby)
Heat and hot water will be supplied to open cast mine production site facilities from a second boiler house
equipped with 3 water‐heating boilers.
1,200nm3/h of natural gas is planned to be supplied under a pressure of at least 0.08Mpa to the production
site from Chochkan automatic gas distribution station. The enterprise gas supply system will also supply
natural gas to Teghout village and planned workers camp with a design flow of approximately 200nm3/h.
Diesel fuel is currently used as the primary fuel for the boiler houses until natural gas supply is provided.
Diesel fuel would continue to be used as emergency fuel thereafter.
The support area is mainly heated by air heating systems combined with ventilation. The following main
heat sources are used:
•
•
•

Thermal networks (administrative buildings, garages, storage, and mechanical repair shop)
Exhaust air heat used through heat recuperators in a supply and exhaust ventilation system (all main
facilities except crushing area, degradation building and transport gallery)
Electric calorifers (coarse‐crushing building)

SITE WATER BALANCE
3.1

Water System Description

Due to the site layout the water system for the site can be considered as 5 discrete systems:
•
•
•
•
•

Community site domestic water and wastewater
Mine site domestic water and wastewater
Loading and unloading facility at the Akhtala railway station
Mine site process water and surface water
Overburden stockpile surface flows

Whilst it is accepted that there is a degree of interconnection between the systems, this is minimal in the
context of understanding the water balance for the site. Each of these systems is described in further detail
below.
3.2

Community Site Domestic Water and Wastewater

Teghout cjsc have provided recommendations for the improvement of domestic water supplies to Teghout
and Shnogh communities which have all been considered by residents and stakeholders. Teghout cjsc has
pledged its support to the improvement of water supply to these communities and implementation of
recommendations, despite the fact that the company is under no obligation to fund and maintain the
associated infrastructure either during the mine development or post mine closure. A key consideration is
that the existing domestic water supply for the communities is taken from upland spring sources which
will be unaffected by mining operations. Teghout cjsc recommendations included formalising the existing
supply sources and providing storage to maintain community supplies should there be a failure at source.
The long term recommendation was that the communities be connected to the municipal supply
permitting the abandonment of the spring supplies. Details of the Teghout cjsc recommendations for
domestic supply and wastewater collection are provided below.
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Following recommendations from the initial Water Management Plan, water supply networks for both
Shnogh and Teghout communities have now been connected to the municipal water system. Final
connections are expected to be completed by February, 2015, which would enable supplying essentially
all households of Teghout from municipal water networks, except for less than 20 households located
remotely would continue to use river intakes/springs. Connections to municipal water systems would also
benefit additional 250 households of Shnogh community, thus bringing the total number of houses
connected to the network to about 400. Water network is planned for further expansion in 2015 to
increase the number of households connected to that, but meanwhile the rest of the houses (about 450)
in Shnogh community would continue using water from Shnogh and Kharatanots river intakes.
Currently domestic wastewater within the communities is collected via cesspits local to each building with
maintenance the responsibility of the property owner. Teghout cjsc again have no obligation to provide an
alternative wastewater collection / treatment system or to maintain the private cesspits. Although
Teghout cjsc would support the improvement of domestic wastewater collection, this falls outside of our
remit. No desire to improve the wastewater collection system has been communicated by the local
community stakeholders.
3.3

Mine site domestic water and wastewater

Potable water for the mine site workforce of about 1,100 people is taken from the municipal water supply.
Water is distributed to four discrete areas for potable supply: hotel and administrative building, auxiliary
shops, processing plant area and open pit mine area which are all provided with dedicated service
reservoirs for storage. Downstream of the connection to the municipal supply the supplied pressure is
boosted by a first level pumping station. This is to provide sufficient pressure to feed the hotel area service
reservoir (150m3 capacity) and auxiliary shops service reservoir (25m3 capacity). Supply into distribution
from both reservoirs is then by gravity. Second stage booster pumps are provided on the distribution
system downstream of the tee‐off to the working camp / auxiliary shops in order to supply the 2 number
100m3 capacity service reservoir tanks in the process plant area. From here local distribution to production
and administrative areas is via a gravity network. A third booster pump is provided downstream of the
process plant tanks to pump flows through to a 25m3 tank adjacent to the heavy vehicles garage. These
tanks provide potable supply for the open pit production area under gravity.
The sizing of service reservoirs is based on providing two days storage should the supply from the municipal
supply be interrupted or in‐line booster pumps fail. A maximum two day storage provision has been
specified to ensure the quality of water stored does not deteriorate. The daily potable water demand
within the discrete supply areas is as follows;
• Hotel area – 50m3 / day
• Auxiliary Shops – 12.5m3 / day
• Process Plant – 30m3 / day
• Open Pit Production Area – 20m3 / day
Aside from the potential of rationalising the water supply network to reduce the extent of booster
pumping within the system, the provisions for water supply appear adequate.
All domestic wastewaters are transferred to Waste Water Treatment Works (WwTW) via gravity sewers.
A total of 5 separate WwTW are installed with a combined design capacity of about 130m3/day (40m3 at
the hotel area, 35 m3 at the process plant, 30 m3 at the open pit production area, 15 m3 at the auxiliary
shops, and 8 m3 near the coarse crushing shop). The treatment works comprises a biological treatment
package plant designed to meet the national effluent consent criteria specified for discharges to water
basins and fisheries (see Section 8.1), with the River Debed being the ultimate point of discharge.
In summary, the domestic water supply and wastewater balance is appropriate and robust for the
continued operation of the mine.
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3.4

Loading and Unloading Facility at the Akhtala Railway Station

The Akhtala loading and unloading facility is located remotely from the main site, and water supply is
required only for workforce consumption and fire fighting provision. Considering the small workforce
population (maximum of 20 staff), the sourcing of water from the existing municipal supply system is
considered appropriate and will only equate to an average supply of 2m3/day. Thus, no water storage tanks
are being used at this site for either workforce consumption or firefighting provision.
A consideration of potential wastewater at Akhtala station has identified that given small volumes
wastewater generation, discharge to municipal sewage network will be sufficient measure for wastewater
management at Akhtala station. This measure has now been implemented, and no further actions are
considered to be necessary in this respect.
Surface Water run‐off at Akhtala station is to be discharged to the Debed river. Although materials,
equipment and cement storage areas on the site are covered there is a residual risk of pollution in loading
/ unloading areas and site roads necessitating treatment provision. High risk areas, including the oil storage
facility to be constructed, will require appropriate bunding and pollution control measures to prevent
contamination of the watercourse as a result of a spillage event.
3.5

Mine Site, Process Water and Surface Water

3.5.1

Working Camp, Auxiliary Shops and Mine Site

Non‐potable water is to be supplied to the Working Camp and Auxiliary Shop areas principally to be used
for firefighting. The light vehicle wash facility is also located in the Auxiliary Shop area and is provided with
a non‐potable water feed from the associated distribution system. Both areas are to be provided with
storage tanks with 2 number 150m3 tanks in the hotel area and 2 number 100m3 capacity tanks in Auxiliary
Shops area. The capacity of the tanks is based on the minimum storage required for firefighting.
Firefighting provision is in the form of hydrants located on the gravity pipe networks located downstream
of the tanks. The source of water to replenish the tanks is from the Debed River via the abstraction
pumping station and transfer pipeline.
The Light Vehicle Wash System is provided with its own local package surface water treatment plant (3
litre/sec capacity) which treats wash water discharges through a mixture of sand / sludge separation, oil
separation and charcoal filtration. Discharge from the treatment plant ultimately discharges to the
Kharatanots River via the main site surface water treatment package plant.
Non‐potable water use within the mine production area will equate to around 150m3 / day associated with
operations within the mine confines such as local wash down and dust suppression. As a result the volume
will be lost (to ground or through evaporation) and will be continually replenished. The source of this water
is Debed River, from which water will be abstracted by pumps and transferred to the 2 number 1,500m3
storage tanks within the process plant area via a 7.5km rising main. From here water is transferred by a
13m3/hr rated pump through to 2 number 100m3 storage tanks dedicated to the non‐potable water supply
to the mine production area. The tanks also provide make‐up waters for the heavy vehicle wash facility
which comprises a closed loop system with package treatment plant for recirculation of waters. Combined
the storage tanks provide two days security of supply should supply from the Debed River or larger tanks
be interrupted. The 2 number 100m3 tanks also provide sufficient storage for firefighting with firefighting
flows delivered via hydrants located on the gravity distribution system within the open pit production area.
The abstraction pumping station providing the water source for the above will also deliver supplementary
flows required for processing within the process plant area and comprises 4 number 500m3 / hour capacity
pumps arranged duty/duty/assist/standby. 2 number pumps are operating continuously (initially all 4
would be in operation while reclaim water volumes would be limited). The transfer pipeline consisting of
twin 426mm diameter pipes with a length of 7800m each discharges to the aforementioned 2 number
1,500m3 capacity tanks in the processing area from which process waters are drawn.
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Management of surface water run‐off within the mine area is yet to be defined and will not be realised
until Year 5 of the mine operation. The requirements for de‐watering and treatment of surface water run‐
off are yet to be established and these will be confirmed as the mine development progresses and when
the chemical composition of surface water run‐off is known. Assessments done by Teghout cjsc have
identified that installing sumps and settlement ponds within the mine footprint is not a feasible solution
due to the volumes of rainwater involved. Teghout will continue to review the options for the treatment
of surface water run‐off going forward.
The Geotechnical study report compiled by Kavoshgaran Consulting Engineers indicates that the water
table is high but that groundwater is not present at the proposed exploitation depths. As a result no
programme of ground water lowering through borehole abstraction is proposed. Management of the high
water table in the initial mine development will be required along with diversion of local watercourses
crossing the mine footprint. A strategy for the interception, treatment and disposal of these waters needs
to be developed.
3.5.2

Process Waters

The copper extraction process will require significant quantities of water with 3.2m3 of water required for
every ton of ore processing. Thus, based on annual processing rate of 7mtpa of ore, 22,425,000m3 of water
per annum will be required equating to 65,000m3/day (345 production days). The balance of this water is
to be achieved through recovery of water from the tailings facility (45,500m3 per day / 70%) and
abstraction of water from the River Debed (19,500m3 per day / 30%).
The tailings facility, comprising an area of 250ha, has been developed in the Kharatanots River gorge and
will be supplied by a gravity pipeline direct from the processing facility. The pipeline will deliver 100% of
the 65,000m3 of water used per day in the processing, initially through to the downstream end of the
tailings facility. Here the rejected solids from the process will be deposited and process waters separated
under gravity. The deposited material will be used to build up levels within the lower tailings which will
progressively fill from the downstream to upstream end of the gorge. Waters from the return line will
drain via a decant facility to the rear of the deposited material and be conveyed by twin 720mm diameter
pipes under the tailings downstream embankment dam and through to a water pond. The water pond is
drained via the tailings return pumping station equipped with 3 number 850m3/hour pumps arranged
Duty/Assist/Standby. 2 number pumps are operating continuously. Water is transferred from the pumps
via twin rising mains to 2 number return water tanks at the process facility each with a capacity of 3,000m3
which in turn feed the processing plant directly under gravity. Should one of the rising mains be taken out
of service the tanks would provide 6.5 hours of storage, or in the event of a total failure of the tailings
return pumping station 3 hours storage would be provided.
The daily return rate from the tailings facility has been calculated at 70% of the incoming flow with the
other 30% being lost within the tailings due to evaporation and infiltration. The 30% loss figure appears to
be conservative and it is likely that a greater percentage of water can be returned to the process with a
subsequent reduction in the abstractions from the River Debed. For example, based on regional data
evaporation is only predicted to occur for 6 months during the year and equate to an average of 7,035m3
per day (10% loss) during this period. The tailings return pumping station has a maximum capacity of
61,200m3/day (94% of process volume requirement) should a greater percentage of water be recovered.
Another consideration in the tailings water balance are inflows associated with storm events. For the
creation of the tailings facility the Kharatanots River and major tributary has been intercepted upstream
of the tailings and diverted around the western flank, ultimately discharging to a tributary of the
Kharatanots downstream of the tailings facility. The associated diversion channel effectively collects all
run‐off from the watershed to the west of the facility limiting any surface water inflows to the tailings
itself. The diversion channels are designed to convey the maximum flow associated with a 1 in 1000 year
return period and are thus considered sufficiently robust for any storm scenario over the lifetime of the
mine. Storm events will thus only impact on the tailings as a result of precipitation falling directly on the
tailings area estimated at 1,399,770m3 per annum (6.2% of processing annual water requirements). This
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has been accounted for in the overall process water balance and the design of water treatment and
recycling system.
One potential risk associated with the tailings facility is for the regular operation of the water pond
overflow during storm events and as a result of extreme storms, and the pond being potentially over‐
topped. The current design assumes that all rainfall falling on the tailings catchment can be contained
within the tailings without breach of the tailings dam and that the maximum annual 24 hour rainfall volume
can be drained down by the pumps in the water pond over a period of 7‐8 days. As water levels within the
tailings will be at a higher level than those in the water pond (which has a volumetric capacity of 23,000m3),
there is a risk that, due to the hydraulic regime, all water would flow to through to the water pond and the
incoming flow rate would exceed the pond’s pump capacity. The potential result of this would be the
overtopping of the pond and pollution of the Kharatanots River located immediately downstream. This risk
has however been mitigated through the design of the decant structures which drain the tailings which
include provision for the raising of the decant levels to limit the flow which can pass forward to the water
pond. In a storm scenario the decant level would be raised to limit the flow or event prevent forward flow
from the tailings. This mitigation strategy is considered robust however will require continuous monitoring
of tailings and water pond levels to be effective.
As indicated previously, the make‐up waters for the process are to be abstracted from the river bed and
are currently estimated at 19,500m3 per day. Construction of the abstraction pumping station and transfer
pipeline for this supply has been completed as of end‐2014. The pumping station is equipped with 4
number pumps arranged duty / standby / assist each rated at 500m3/hour with a theoretical maximum
delivery of 24,000m3 per day with 2 number pumps operating continuously. During the initial few months
of process plant operation all 4 pumps would be running given the fact that the reclaim water availability
would be lower. The rising main pipeline will discharge to 2 number tanks located at the processing plant
site each with a capacity 1,500m3. In the event of supply from the rising main being interrupted the tanks
will provide approximately 3.5 hours of storage for continued operations. In addition to feeding the
processing plant by gravity, the tanks provide storage requirement for firefighting in the production area
(400m3) with fire hydrants located on the ring main distribution system. From the same distribution system
water is drawn for the heavy vehicle wash facility (HVWF) which is equipped with 2 number dedicated
100m3 capacity storage tanks. The HVWF comprises a closed loop system whereby wash waters are treated
so that they can be re‐used. Treatment is achieved using a vehicle wastewater treatment package plant
incorporating sand, sludge and oil separation. Volumes required for wash water are relatively low
(1.8m3/hour maximum) and consumption is reduced by the recycling process. The volume of the dedicated
storage tanks thus appears excessive although HVWF will operate relatively independently of the process
water distribution system.
3.5.3

Surface Water Management

Surface water run‐off within the processing production site is to be managed on two levels. Impermeable
areas at low risk of pollution such as roofs, administration and residential areas are to drain directly to
local watercourses without treatment or attenuation. For higher risk pollution areas including car parks
and processing areas surface waters are to be collected and treated prior to discharge. It is proposed that
a central package surface water treatment plant incorporating a regulating well, sand sludge separation,
oil separation and charcoal filtration will be provided to remove contaminates from these areas.
In addition to the above proposals it is recommended that areas at the greatest risk of pollution (oil and
chemical storage areas) be adequately bunded to prevent the contamination of local watercourses /
ground waters in these areas. Provision should also be made to isolate the drainage of run‐off from these
areas should a spillage event occur.
Treatment of surface water drainage from site roads assumes that metalled roads are provided with a
piped drainage system. Pollution control measures for remaining un‐surfaced roads include measures such
as the provision of filter strips / grassed ditches adjacent to the roads to slow down the rate of discharge,
reduce erosion and remove hydrocarbons en‐route to the watercourse discharge point.
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3.6

Overburden stockpile surface flows

The overburden, oxide waste and turquoise waste stockpiles are to be situated in close proximity to one
other in the Dukanadzor Stream gorge and adjacent gorges. The stockpiles cover a combined area of
approximately 174 ha. In order to maintain the flow in the Dukanadzor stream this watercourse and its
main tributary have been culverted where they run through the stockpile area right through to where the
Dukanadzor continues downstream of the stockpile area. The culverts constructed are hydraulically
designed to convey the flow from a 1 in 1,000 year storm event and are thus considered sufficiently robust
as not to compromise the stockpile areas. In addition to the two main culverts running along the river bed,
a separate piped system has also been provided under the stockpile area. This ravine collector drain
intercepts flows entering at the perimeter of the stockpile area from 7 no. tributary gorges and also
conveys them through to the Dukanadzor.
With the above measures in place, run‐off management for the stockpiles is effectively limited to
precipitation falling directly on the stockpiles which is estimated at typically 974,300m3 per annum. It is
envisaged that 90% of this rainfall will be evaporated over the year. Extreme rainfall events however are
likely to produce surface water run‐off from the stockpile areas. The run‐off capture system comprises of
a pond downstream of the stockpile locations to which run‐off flows will be directed. Here any sediment
will be allowed to settle out. The pond which will also be receiving run‐off from the eco‐dump will be lined
to prevent infiltration to ground. Provisionally it is proposed that oxide waste run‐off waters be
transported to the tailings pond for re‐use. To ensure that contamination of ground waters or local
watercourses does not occur from the overtopping of the ponds it is thus imperative that these are
designed to hold run‐off waters associated with a 1 in 100 year return period event as a minimum.
3.7

Water Balance Overview

The water balance of the water and wastewater systems described in Section 3 have been assessed and
are generally found to be in equilibrium and within expectations. The envisaged systems and water balance
figures are shown on Process and Instrumentation Diagram 0251/PID/001 contained within Appendix A of
this document. The mitigation measures implemented to divert existing watercourses around the tailings
and stockpile facilities means that the natural water balance shall be relatively unaffected.
Teghout cjsc has conducted further investigations as recommended in the initial water management plan
and has confirmed the following:
•

Gravity tailings line design was reviewed and confirmed that the difference in elevations between the
process plant and tailings discharge points, as well as the means of transportation for tailings ensures
that the predicted 3.2m3 of water per ton will be adequate to convey the tailings product. Tailings
would be transported via a channel consisting of reinforced concrete chutes with special liners and, in
steeper areas, interchanging horizontal (630x10cm) and vertical (1220x12cm) metallic pipes. Concrete
chute has a width of 1.05m and wall height of 1m. Lining is done with stone‐melted tiles having much
lower roughness compared to concrete surfaces. The design parameters do have a significant safety
margin both for the flow speed and the slope. Pipe diameters were determined based on hydraulic
calculations, which also confirm that 1:3 ratio of ore to water is sufficient to ensure gravity flow of
tailings. Monitoring of the water levels within the tailings and the water pond will be conducted
continuously using anchors. Water level in the water pond will be maintained at a level which is 3m
below the height of the pond walls. The collector diameter (2x720mm pipes built in the concrete
bearing with 2 water receiving towers) has been determined for maximum water volumes, bearing in
mind also maximum precipitation levels for the region. Design solutions exclude the possibility of any
water discharge to Kharatanots River from either the tailings dump or the sedimentation pond.

•

Even during the periods when the water level/flow in Debed river is minimal, the water collection
system for the supply of process water from Debed river has been confirmed to allow collecting
sufficient water volumes to feed regular operation of the process plant.
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•

Detailed calculation was done to estimate the volume of water run‐off in the tailings area. Based on
the maximum precipitation over 100 years in the area (92mm/day) and the area water basin (1.86 mln
m2), maximum water volume that could reach the tailings dump would be about 170,000 m3. That
would increase water volume in the tailings dump by about 1.7 meters – which is still significantly less
than the safety margin that has been allowed for under the regulations. The increased water volume
would be gradually removed from the tailings dump by replacing the add‐on water supply from Debed
river (19,500m3 daily) that, which would allow to bring the water level back to normal in less than 9
days.

The design of the waste dump area water pond is still in progress, and it would cover the details on how
surface water run‐off from the overburden stockpile, oxide waste and turquoise rock overburden
stockpiles are to be contained and treated. The design will also include the basis for the sizing of any
holding ponds and dewatering regime. In addition to that, water balance of the entire project is now under
review to assess the sensitivity on the predicted 30% water losses due to evaporation and infiltration, and
will include the assessment of precipitation/run‐off into the tailings and how this affects the seasonal
water balance.
3.8

Water Treatment Overview

The treatment of surface water run‐off from the site facility areas have been adequately accommodated
through the provision of package treatment solutions for high risk impermeable areas and discharges from
the light vehicle wash facility. Provisions for domestic wastewater treatment have been detailed and the
mine central wastewater treatment works is adequately designed to meet effluent consent standards.
Process effluent is effectively managed as a closed loop system via the tailings facility with minimal
interaction with watercourses. Notwithstanding the above residual questions remain over the proposed
treatment for the site which will need to be reviewed once the design of these aspects has been finalised.
1) Details on how residual run‐off waters from the overburden stockpile, oxidised waste and turquoise
waste stockpiles be contained within the holding ponds are to be treated and how treated waters will
be disposed.
2) Confirmation of the treatment strategy for run‐off from site roads, both metalled and un‐surfaced.
This would be dependent on the results of monitoring of run‐off from site roads to assess the volume
and composition of such water, and will be completed by mid‐2015.

HYDROGEOLOGICAL AND HYDRAULIC IMPACT ASSESSMENT
4.1

Study Aims

In the absence of any substantial local legislation specific to the risk posed by tailings dams, Teghout cjsc
has accepted the following best practice documents for guidance:
1) Directive 2006/21/EC of the European Parliament and of the Council of 15 March 2006 on the
management of waste from extractive industries and amending Directive 2004/35/EC with reference
to the European Commission’s reference document on best available techniques for management of
tailings and waste‐rock in mining activities, January 2009 (EC 2009).
2) Environmental, Health and Safety Guidelines for Mining, International Finance Corporation, December
2007.
3) Teghout Copper Molybdenum Mine: Acid Generation Potential Assessment, Teghout cjsc, Armenia,
WSP, 17 October 2014.
These documents require that where discharges to groundwater from tailings dams are proposed; the
siting and leachate generating potential of the waste should be assessed and managed in order to prevent
or minimise contamination of soil and groundwater.
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It should be noted that the third referenced report above discusses specific management of acid rock
drainage in further detail than is presented within this report and that this section should therefore be
read as a brief summary of the referenced report.
4.2

Tailings Overview

It is proposed that wet tailings produced by flotation method will be initially transferred by a gravity
pipeline into a tailings pond area in the Kharatanots Stream. Subsequently the transfer to the tailings will
be pumped as the levels in the gorge are raised. The storage capacity of the dam is proposed at
172,750,000m3 allowing for 25 years of operation. It is estimated that the final area of the tailings pond
will be 250ha. The Kharatanots Stream has already been diverted upstream of the proposed tailings pond
in anticipation of the development and we understand work has begun on the construction of the dam.
To improve the understanding of the geochemistry of tailings (as well as the waste rock), additional
hydrogeological assessment has been undertaken during 2013‐2014. The assessment addressed separate‐
ly four rock types: overburden predominantly topsoil and alluvium; oxidised zone rock; supergene zone
rock and hypogene zone rock. Samples taken for conducting the assessment were limited to the first 5
years of mine operations. Static testing of all four weathering types and the tailings has been undertaken.
In addition, kinetic analysis of these materials excluding the overburden has been completed.
The results of the assessment suggest that the oxidised material pose a low acid generating potential. The
supergene materials are potentially acid generating however the rate of weathering appears to be very
slow and is not likely to cause a breach of relevant guidelines. The hypogene materials are potentially acid
generating and the rates are relatively fast with breaches of the guidelines likely if mitigation measures
are not put in place. Tailings materials are also potentially acid generating however alkali from the flotation
process controls the acidification.
The assessment has recommended to rely on increased lime dosage to stabilise the tailings as stated in
the Teghout Copper Molybdenum mine: Acid Generating Potential Assessment. Further studies shall be
undertaken on hypogene material in due course to confirm this recommendation and specific dosage.
4.3

Receiving Environment

4.3.1

Geology

Investigations conducted by Teghout cjsc confirm that the bed of the Kharatanots stream in the upper
reaches of the proposed pond is free of alluvium with quartz diorite present at ground surface. The
investigations show this quartz diorite has a ‘coefficient of filtration’ of 0.01 – 0.001 m/day.
In the middle and lower reaches of the pond to an undetermined depth of not less than approximately
6m, alluvium described as “boulder pebble soil with sand”, with a coefficient of filtration of >40m/day is
present. On the western bank of the pond area to an unproven depth of not less than 9m is a sandy loam
with a coefficient of filtration of >30m/day while the eastern bank is the same diorite which makes up the
upper reaches’ bed.
Reliable information on depth to groundwater is not available. As the area of the proposed tailings pond
contained a surface water feature, the depth to groundwater is expected to be shallow. It is likely therefore
that the sandy loam represents at least a significant local aquifer with the alluvium a minor local aquifer.
Insufficient information is available to assess the water bearing capacity of the diorite, however the low
coefficient of filtration would suggest it is not an aquifer.
4.3.2

Human Receptors

The closest residential areas are the villages Shnogh and Teghout. Teghout is located east of the tailings
pond adjacent to the Dukanadzor River, while Shnogh is located some 2‐3km downstream of the Shnogh
River which is formed by the confluence of the Dukanadzor River and Kharatanots Stream.

11 | 28

4.3.3

Environmental Receptors

The bulk of the area is covered with oak‐hornbeam forest, a survey undertaken in 2005 identified that the
area of the tailings pond and dam was not polluted and environmentally valuable with protected plants
and animals found. Further biodiversity investigations conducted in 2013‐2014 confirmed this finding and
presented exact location of the habitats for these species.
4.4

Recommendations

This report has been based upon the information available as of end‐2014 resulting from all the applicable
investigations undertaken to date. The assessment based upon this information has determined that the
tailings are likely to be connected to groundwater.
We consider that further studies to enhance the assessments undertaken to date are essential to ensure
that the tailings management option selected is the most appropriate in terms of preventing any adverse
environmental and economic impacts. These studies should include the following:
•
•
•
•
•

depth to groundwater;
groundwater monitoring
further static and kinetic tests of the tailings material produced from hypogene ore to confirm the acid
generating potential and determine lime dosage required to stabilise the tailings;
the potential for fractures in the bedrock;
the connectivity and extents/widths/rate of movement of the groundwater beneath the tailings dam
and the primary dam.

WATER EFFICIENCY
5.1

Water Efficiency Measures Implemented

5.1.1

Industrial Water Use

The key water efficiency implemented for the Teghout mine development is the integration of the tailings
to recycle waters from produced at the process plant. This significantly reduces the abstraction volume
requirement from the River Debed generating an estimated 70% of the process water demand
(45,500m3/day). Water losses anticipated through the tailings facility are conservatively estimated at 30%
and it is likely these will be less in reality. The tailings pump return system has been designed and
constructed such that greater volumes of water can be returned to the process should these be realised
within the tailings facility.
Further water efficiency savings are realised with the design of the Heavy Vehicle Wash facility where
water is recycled. This will typically save 12m3/day being abstracted from natural water sources.
Use of water around the mine site is effectively to be managed on a need by need base. Currently it is not
proposed to install any automated dust suppression systems with dust suppression being implemented
locally using hydrants / bowsers. As a result water savings will be achieved.
5.1.2

Potable Water Use

No water efficiency measures have been identified within the proposed Teghout or Shnogh communities
or the potable water supply systems associated with the mine production and administration areas. It is
likely that the implementation of water efficiency measures within the communities will be difficult due
to the nature of the existing infrastructure and the willingness of local communities to adopt such
measures. This is an area for further investigation and typical water efficiency measures that could be
implemented include:
•
•
•
•

Installation of low flow toilets
Installation of low‐flow aerators and showerheads
Installation of volume savers within existing cisterns
Pro‐active maintenance to prevent leakage from water supply systems
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•
•
•

Pro‐active leakage detection / repair execution on water supply systems
Grey water systems
Rainwater harvesting

WATER MANAGEMENT STRATEGIES
6.1

Site Water Management Strategies

Day to day management and supervision of the implementation of this Plan shall primarily be the
responsibility of the Projects Environment and Community Co‐ordinator and Project Manager. A Projects
Environment and Community Co‐ordinator role has been established by Teghout cjsc to address this need.
The Environmental and Community Coordinator and Project Manager will:
•
•
•
•

•
•
•
•
•
•
6.2

Familiarise themselves with all engineering drawings covering water management measures and the
related infrastructure construction;
Ensure pollution control planning and implementation will apply to all areas that may be affected;
Regularly meet with all relevant supervisors, personnel, contractors, monitoring personnel (i.e. during
toolbox meetings) to ensure the communication and implementation of the water management plan;
Maintain a regular program of monitoring of designated watercourses and ground waters to assess
the parameters detailed in Section 8.1. This is in order to confirm that the mine development is not
having a detrimental impact on water quality.
Implement any remedial measures required as a result of site inspections and monitoring findings;
Ensure that all hazardous chemicals, fuels and materials are stored appropriately on site and an MSDS
for each material is readily available for review in an emergency;
Ensure spill kits and other mitigation equipment are available for rapid deployment;
Ensure construction areas are rehabilitated in a timely and progressive manner;
Report regularly on the water management plan status; and
Ensure this plan is regularly reviewed and amended where site conditions dictate new or revised
strategies of management.

Water Management

This Water Management Plan has been prepared to ensure effective water quality mitigation measures
are implemented and maintained during the project lifecycle. The management plan includes a range of
management measures (refer Table 6.1) recommended by relevant guidelines that shall be implemented
where reasonable and feasible.
Table 6.1 – Summary of Water Management Issues and Prescribed Controls and Mitigation Measures
Potential Effect
Impact on biodiversity, groundwater
recharge, downstream abstraction
potential resulting from proposed
abstraction from Shnogh and
Kharatanots Rivers for Shnogh
community potable water supply.
Note: This is subject to implementation of
proposals by communities. Teghout cjsc to
assist communities with monitoring of
water supply sources.

Controls
• Controlled abstraction from rivers
with restricted maximum abstraction
rate
• Monitoring of water levels within
rivers and prohibition of abstraction
when lower threshold monitored.
• Provide balancing tanks on‐site to
cover periods of prohibited
abstraction.
• Abstraction proposed from 3
discrete river locations offering
security of supply.
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Mitigations
• Determination of baseline thresholds for
when water can and can’t be abstracted
from rivers.
• Establishment of monitoring regime to
compare stream water quality post
abstraction commencement with baseline
levels. Key water quality parameters to be
tested to be defined.
• Connection to municipal water supply.
• To ensure water is suitable for continued
consumption it is recommended that
disinfection (chlorine dosing) be provided as
a minimum treatment.

Potential Effect
Impact on groundwater levels / aquifer
flows as a result of abstractions for
potable water supply to the Teghout
community.
Note: This is subject to implementation of
proposals by communities. Teghout CJSC to
assist communities with monitoring of
water supply sources.

Impact on biodiversity, water quality
and downstream abstraction potential
as a result of effluent discharges to
River Shnogh from Site Wastewater
Treatment Works.

Impact on biodiversity, water quality
of local watercourses, Dukanadzor
River, Kharatanots River, Shnogh River
as a result of uncontrolled surface
water discharges from highways and
access roads.

Mine Workings
Dirty Catchment Area discharges of
dirty storm water runoff containing
contaminates and sediments to
ground.
Note: Design of the mine surface water
capture system will not be required until
Year 5 of mine operation.

Controls
• Controlled abstraction from aquifer
with restricted maximum abstraction
rate
• Monitoring of water levels within
aquifer and prohibition of abstraction
when lower threshold monitored.
• Provide balancing tanks on‐site to
cover periods of prohibited
abstraction.
• Abstraction proposed from 2
discrete borehole locations offering
security of supply.
• Installation of a suitable wastewater
treatment process to achieve effluent
discharge consents.
• Implementation of effluent quality
monitoring regime. Key parameters to
be monitored include BOD &
ammonia.
• Implementation of water quality
monitoring regime for River Shnogh
upstream of effluent outfall.
• Ensure that only domestic
wastewater flows are discharged to
wastewater treatment works (trade
effluent to be treated elsewhere).
• Provision of suitable drainage system
with defined discharge locations to
watercourses.
• Provision of petrol / oil separators at
strategic points on the drainage
system prior to discharge, if proven
necessary based on the results of
further studies of run‐off water.
• As an alternative to a piped drainage
system provide sustainable drainage
systems (filter strips, swales, ponds) to
provide means of removing
hydrocarbons and heavy metals.
• Incorporation of ponds / sediment
basins within drainage system to
prevent sediments entering
watercourse, if proven necessary
based on the results of further studies
of run‐off water.
• Capture all in mine surface water
run‐off in sumps
• Transfer sump volumes via pumps to
watercourse via suitable treatment
facility (water treatment requirements
to be based chemical analysis of mine
waters)
• Minimise dirty water captured by
diversion of surface water routes
entering the mine footprint and
management of ground waters
(dewatering).

14 | 28

Mitigations
• Determination of baseline thresholds for
when water can and can’t be abstracted
from ground waters.
• Establishment of monitoring regime to
compare groundwater quality post
abstraction commencement with baseline
levels. Key water quality parameters to be
tested to be defined.
• Connection to municipal water supply.
• To ensure water is suitable for continued
consumption it is recommended that
disinfection (chlorine dosing) be provided as
a minimum treatment.
• Provide flexibility in wastewater
treatment process to absorb variations in
population.
• Provide facility to re‐circulate flows and
temporarily store wastewater.
• Confirmation of sludge disposal rate.

• Develop contingency plan to control and
clean up large spillages on access roads.
Assessment the volumes and composition
of run‐off water to determine the necessity
and scope of mitigation measures. This will
consider how spills will be contained and
prevented from entering watercourses.

• Periodic removal of contaminated
sediments from mine sumps and disposal to
suitable facility
• Calculation of sump storage requirements
and suitable pump transfer rate.
• Provision of suitable means of isolating
pumps / drainage system should major
pollution spill occur in the mine. This should
include a break tank between the rising
main discharge and treatment facility.

Potential Effect
Impact on biodiversity, water quality,
downstream abstraction potential
from abstractions from Debed River
for process waters.
Note: Abstraction pumping station and
transfer pipeline is currently being
designed. On completion the design shall be
reviewed against the identified control /
mitigation measures.

Contamination of ground / local
watercourses through spillages of
chemicals, fuels or oils within
production / storage areas.

Contamination of ground / local
watercourses from vehicle wash
waters.

Controls
• Minimise river abstractions through
capture of process return waters at
tailings and sourcing of waters from
other sources (i.e. surface water run‐
off at site).
• Monitoring of water levels within
Debed River and adjustment of
pumping operations during periods of
low flow.
• Abstraction rates to take into
account flow variability in river and
other local abstractions (for irrigation).
• Provide sufficient on‐site storage to
account for restrictions on
abstractions.
• Areas to be used for storage to be
bunded to contain spills.
• Surface Water run‐off form bunded
areas to be controlled and passed
through suitable treatment device
(separator) or process.
• Drainage systems for bunded areas
to incorporate means of isolation so
that major spills can be contained.
• Surface water run‐off directly within
the confines of the production area
and within the process plant raw
materials area (not Akhtala) to be
captured by piped drainage system
and discharged to tailings (closed loop
system).
• Provision of sell contained heavy
vehicle wash facility with water
reservoir, drainage system, treatment
and wash water re‐circulation.
• Treatment system to incorporate
method for capture of sediments / oils
and petrol to be disposed of at
suitable facility.
• Wash waters from light vehicle wash
facility to pass through suitable
treatment facility prior to discharge to
watercourse.
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Mitigations
• Determine baseline flow rates / levels in
Debed River and seasonal variations /
sensitivity.
• Provide flexibility on pumped abstraction
operations vary abstraction rates to suit
river conditions.

• Develop contingency plan to control and
clean up large spillages.

• Develop contingency plan to control and
clean up large oil / petrol spillages
• Employ suitable pollution control
measures (i.e. isolating valves) on drainage
system so that major spills can be
contained.

Potential Effect

Controls

Mitigations

Impact on biodiversity, water quality
and downstream abstraction potential
of Kharatanots River from construction
of tailings facility.

• Diversion of flows from catchments
upstream of tailings facility around
tailings to discharge to Kharatanots
River downstream of Tailings.
• Diversion channels to intercept clean
water run‐off on perimeter of tailings
restricting run‐off into tailings from
direct rainfall and from site areas to
east.
• Scour protection to be provided at
discharge point from diversion
channels to prevent mobilisation of
sediments in local watercourse.
• Process flows entering tailings to be
contained within tailings circulation
system with no potential discharge to
Kharatanots River.
• Emergency (storm) overflows from
the tailings water pond to be
prevented through implementation of
control measures to attenuate excess
volumes within the tailings itself.

• Amendments to flow regime resulting
from diversion channels and high water
lifting regime to be assessed. This to include
baseline flow and quality monitoring of the
receiving watercourse and Kharatanots
River at the point of discharge.
• Monitoring regime for water levels within
the tailings and water pond to be
implemented so that contingency measures
can be implemented to prevent overtopping
of the water pond.
• Strategy for the safe reduction / isolation
of flows from the tailings to be developed
including drain down of the tailings waters
post storm.

Impact on watercourses and ground
waters as a result of seepage from
tailings facility via bed / under and
through dams.
Contamination to watercourses /
ground resulting from stored product.
Contamination of ground / water‐
courses from other areas including
domestic and administration facilities.

• Assessment of likelihood of seepage and
impact on underlying aquifers.
• Provision of impermeable membrane
where deemed appropriate.
• Product to be stored in enclosed
facility so that it is not affected by
rainfall / surface water run‐off.
• Provision of discrete foul and
wastewater drainage systems.
• Surface Water systems to be
equipped with petrol / oil separators
where large industrial car parking
areas / work shop aprons provided.
• Suitable means of disposal of surface
waters to be established i.e. to
watercourse or soakaway.
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Potential Effect

Controls

Mitigations

Impact on biodiversity, water quality
and downstream abstraction potential
of Dukanadzor stream from
construction of Oxide waste and
overburden stockpiles.

• Diversion of flows from catchments
upstream of overburden stockpile
through to Dukanadzor Stream
downstream of stockpile.
• Diversion culverts to be routed
through overburden stockpile to be
culverted and provided with adequate
protection to prevent ingress of
contaminated waters from stockpile.
• Scour protection to be provided at
discharge point from diversion culverts
to prevent mobilisation of sediments
in local watercourse.
• Run‐off from stockpile areas to be
limited to rainfall falling directly on
these areas. Perimeter interception
ditches to be installed as appropriate
to divert clean water run‐off.
• Surface water run‐off from
overburden and oxide waste stockpiles
to be captured by suitable drainage
system and routed to holding ponds.
• The overburden stockpile run‐off to
be held in an unlined pond. The pond
will provide means of settlement for
transported sediments.
• The oxide waste stockpile run‐off to
be held in lined pond(s) to permit
sediment settlement and treatment of
waters to remove metals. Disposal of
waters from the ponds to suitable
treatment facility off‐site.

• Amendments to flow regime resulting
from diversion culverts to be assessed. This
to include baseline flow and quality
monitoring of Dukanadzor stream at
discharge location.
• Capacity of overburden stockpile pond to
assessed to ensure that it provides sufficient
storage for 1 in 100 year rainfall event
without overtopping.
• Water quality monitoring of ground
waters downstream of oxide waste ponds to
be implemented to monitor potential
seepage from ponds / stockpiles.
• Periodic dewatering / dredging strategy
for ponds to be established. Capacity of
ponds to include for 1 in 100 year event
coinciding with maximum retained water
levels.

Note: The run‐off capture system for the
overburden and oxidised ore stockpiles is
currently being designed. On completion
the design shall be reviewed against the
identified control / mitigation measures.

Impact on watercourses and ground
waters as a result of seepage from
oxidised ore stockpile via bed.
Impact on biodiversity, water quality
and downstream abstraction potential
as a result of effluent discharges to
Debed river from Akhtala station.

Contamination of Debed river through
spillages of chemicals, fuels or oils
within Akhtala Station storage areas.

• Implementation of effluent quality
monitoring regime. Key parameters to
be monitored include BOD &
ammonia.
• Ensure that wastewater is discharged
to centralized municipal network.
• Areas to be used for storage to be
bunded to contain spills.
• Surface water run‐off from bunded
areas to be controlled and passed
through suitable treatment device
(separator) or process. Assessment of
volumes and composition of run‐off
water required to determine the
necessity.
• Drainage systems for bunded areas
should be isolated and discharged only
made of bund water accumulation
following checks on contamination
prior to discharge.. Isolation is
required so that major spills can be
contained.
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• Assessment of likelihood of seepage and
impact on underlying aquifers.
• Provision of impermeable membrane
where deemed appropriate.
• Consider use of reed bed system to
provide increase eluent quality.

• Develop contingency plan to control and
clean up large spillages.

EROSION AND SEDIMENT CONTROL MANAGEMENT PLAN
The following management strategies are proposed to control and mitigate potential erosion impacts
during the Construction and Operation of the Teghout Mine. The section below details measures outlined
in Section 6, Water Management Strategy.
7.1

Construction Erosion and Sediment Control Management

7.1.1

Cut to Fill Earthworks Operations

Cutting and filling operations are designed and engineered to ensure cutting profiles provide long‐term
stability. The following are also considered during “Cut and Fill” operations:
•

•
•
•
•

Localised erosion and stability protection measures for slopes are implemented, especially in the
tailings and stockpile dam embankments, road embankments and any embankments associated with
sedimentation ponds. The object of these protection measures is addressing expected cut slope
instability other than minor rilling and weathering.
Where cut and fill batters are not required to be supported by engineered structures, graded batters
for temporary and permanent cuts are formed at normally accepted angles.
During and following construction, all soil and rock batters are inspected by geotechnical consultants
to confirm their stability and recommend stabilisation measures if necessary.
Excavated soils are suitably stockpiled and separated into discrete material types.
Stockpiles are appropriately bunded and, where possible, progressively rehabilitated to minimise any
run‐off or windblown dust.

It is the responsibility of the site Environmental and Community Coordinator and Project Manager to
ensure that contractors follow all engineering design and best practice in regard to managing erosion and
sediment control from cutting and filling operations and to promptly raise any issues of concern at site
meetings.
The principal objective underlying the design and construction of embankments will be:
•
•
•

to ensure stability of the embankment;
to produce negligible post construction settlement; and
to minimize of the potential for piping, undercutting or slumping.

7.1.2

Soil Stability

Embankment stability is managed by adopting fill batter slopes with a maximum grade of 2.5H:1V, where
geotechnical information is not available for the soil type, along with adequate compaction of the fill
materials. Fill embankments is also be keyed into sloping ground by benching.
Potential instability in embankment fill foundation is addressed by removing any deleterious materials and
any uncontrolled fill encountered prior to filling, along with proof rolling.
Methods of excavation, transport, depositing and spreading of the fill materials are selected so as to
ensure that the placed materials are uniformly mixed.
It is the responsibility of the Environment and Community Coordinator and Project Manager to ensure that
contractors follow all engineering design and best practice in regard to embankment construction and
stabilisation and to promptly raise any issues of concern at site meetings.
7.1.3

General Erosion and Sediment Control Measures

All work is carried out to avoid erosion and sedimentation of the site and surrounding areas. General
erosion and sediment control measures employed by site contractors include:
•
•

Installation and maintaining of temporary erosion controls such as silt fences and hay bales to prevent
erosion during and after construction, specific to different slopes and soils;
Provision of training to staff to ensure awareness of erosion and sediment control issues and specific
control measures to be used;
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•
•
•
•
•
•
•
•
•
•
•
•
•

Progressive re‐vegetation of all disturbed areas once construction works are completed to prevent
extended exposure to erosion;
Construct earth bunds or similar diversion drains around the perimeter of any excavations to prevent
surface water entering these areas;
Control surface water drainage from outside construction areas by diverting surface run‐off;
Keep areas of excavation to a minimum, including the time that surfaces are left exposed;
Construct erosion and sediment controls around stockpiles and immediately down slope of any
excavation areas to minimize siltation and sedimentation;
Minimise vegetation clearance in areas where soils are unstable and erodible (i.e. slopes and
gradients);
Separate and stockpile different soils and earth layers from cutting operations to minimise the
opportunity for mixing of soil types;
Minimise the size of stockpiles and bund or cover stockpiles at the end of each day;
Provide water bowser or water sprays (as required) to soil and spoil stockpiles to keep them moist to
minimise dust and loss through wind erosion;
Locate material stockpiles away from roadways or stormwater drains;
Construct graded contour drains and diversion channels to control the flow of storm run‐off and divert
flows away from exposed areas of the construction sites;
Minimise non‐construction traffic in construction zones and use dedicated parking areas;
Provide temporary and permanent vehicle wash facilities at appropriate locations around the facility
to ensure that sediments are not transported / deposited outside of designated site roads. Provided
local dust suppression to designated site roads to prevent sediments becoming airborne.

7.1.4

General Erosion and Sediment Control Maintenance and Inspection

The following key management strategies are practiced:
•
•
•
•
•
•
•

Weekly inspection of site drainage and erosion/sediment controls and implementation of
maintenance as needed;
Identification of drainage channels and effective management of surface water during construction
and operational phases of work;
Disturbed areas progressively re‐vegetated and stabilised to minimise erosion and scour;
Reducing the amount and velocity of any water flows over the construction site;
Sediment filters or fences downslope of disturbed areas;
Clean water diversion drains;
Maintain pasture adjacent to any disturbed areas and direct runoff to flow through pasture prior to
any flow to waterways.

7.2

Operational Erosion and Sediment Control Management

7.2.1

Surface Water Drainage Systems

The site Environmental and Community Coordinator and Project Manager shall ensure that following is
carried out during the Operational phase:
•
•

•

Monthly inspection of site drainage and erosion/sediment controls and implementation of
maintenance as needed;
Monthly inspection of outfalls to watercourses associated with the site roads, facility drainage systems
and river diversion channels. Identification of local areas of scour and deposition downstream of
outfall locations and implementation of scour protection measures / dredging works as required.
Periodic maintenance and cleaning of all drainage structures and outfalls.

7.2.2

Tailings Embankment Dam Construction

The site Environmental and Community Coordinator shall ensure that following is carried out during the
Operational phase:
•

Ensure materials to be used in Tailings dam construction are suitably stored to prevent erosion.
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•

Minimisation of dust from tailings dam construction operations through implementation of local dust
suppression measures.
Ensure dam stability on completion of each raise with the employment of suitable erosion control
measures.

•

7.2.3
•

Tailings Water Pond

Monthly inspection of Water Pond sump to determine depth of sediments and impact on tailings
discharge pipelines and pumping operations.
Periodic dredging programme to be implemented for the Water Pond sump with material deposited
to suitable off‐site facility.

•

7.2.4

Stockpile Areas

The site Environmental and Community Coordinator shall ensure that following is carried out during the
Operational phase:
•
•

Ensure that oxide waste and overburden material are transported to designated dump areas;
Ensure during dumping operations stockpiles are wetted down to prevent dust emissions during
periods of warm weather and high winds;
Monthly inspection of stockpile drainage holding ponds to determine potential for erosion of
deposited material. During periods of sustained low water levels in ponds to be cleaned of deposited
loosened material to be deposited of at suitable off‐site facility;
Maintain all drainage structures serving run‐off from stockpile areas including periodic clean out of
sediment control structures.

•

•

MONITORING AND REPORTING
8.1

Water Monitoring

8.1.1

Water Monitoring Procedures

The routine water quality monitoring proposed for the Project is based on data gained from previous water
quality, hydrological, aquatic ecological and hydrogeological investigations.
The field water quality monitoring within the vicinity of the Project will include the collection of water
quality samples for laboratory analysis with samples taken at monthly intervals over the lifecycle of the
project. The parameters to be analysed are detailed in Table 8.1 below. Additional quality monitoring is
being conducted to assess Electrical Biological Oxygen Demand, Electrical Conductivity, Sulphates,
Cadmium, Chromium, Lead and Phenols as these are deemed appropriate to this project. Threshold levels
for these additional parameters are shown in Table 8.2.
Table 8.1 – Water Quality Sampling Parameters
Parameter
Water t, oC
pH
As
Cu
Ni
Zn
Mo
Mn
Fe

1

IFC Limits
Effluent Guideline Values for
the Mining Sector (mg/l)
<3 degree differential
6–9
0.1
0.3
0.5
0.5
0.5
0.07 (WHO, 2011)
2.0

To be updated once the new permission has been obtained.

20 | 28

Maximum permissible
discharge limits
(t/month) 1

Parameter
Sulphate
Total suspended solids
Oil Products
Hardness
Alkalinity
Chemical Oxygen Demand

IFC Limits
Effluent Guideline Values for
the Mining Sector (mg/l)
250 (DWS, 2000)
50
10

Maximum permissible
discharge limits
(t/month) 1
3.2

150

Table 8.2 – Additional Water Quality Sampling Parameters
Parameter
Electrical Conductivity (EC)
Cadmium (Cd)
Biological Oxygen Demand (BOD)
Chromium (Cr)
Lead (Pb)

MPC / Trigger Level
Significant variation in baseline levels
and/ or greater than 400 μS cm‐1
0.05 mg/l
50 mg/l
0.1 mg/l
0.2 mg/l

In addition to the above parameters in Tables 8.1 and 8.2 details of watercourse depth and flow velocity
for the main river streams will be recorded as part of the monthly inspections to determine flow rate.
The testing of additional parameters detailed in Table 8.2 is scheduled to start in December 2014 in order
to establish base line levels in advance of the mine operation.
8.1.2

Water Monitoring Locations

Baseline monitoring has been undertaken at water course locations numbers 1‐5 detailed below since
2006. A monthly monitoring regime was implemented at these locations in February 2010 and records
have been maintained to date. A similar monthly monitoring regime was implemented at location numbers
6 & 7 in August 2011. Additional monthly monitoring regime was introduced in September 2013 for
locations 8‐21.
1) Upper Dukanadzor River left tributary (above the overburden stockpile dump area)
2) Upper Dukanadzor River right tributary (above the overburden stockpile dump area)
3) Dukanadzor River, 500 meters below the overburden stockpile dump area
4) Approximately 500 meters above the crushed stone cleaning site
5) Approximately 500 meters below the crushed stone cleaning site
6) Till administrative constructions
7) After administrative constructions (near the bridge)
8) Groundwater samples from boreholes associated with the Sznout potable supply to the Teghout
community
9) Groundwater samples from boreholes associated with the Tandzout potable supply to the Teghout
community
10) At the head of the Shnogh River (Shnogh community supply intake 1)
11) At the head of the Kharatanots River (Shnogh community supply intake 2)
12) At the Head of the Kharatanots River tributary (Shnogh Community supply intake 3)
13) At the outfall location for the Kharatanots Diversion Channel
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14) On the Effluent Sewer from the Central Wastewater Treatment Works
15) On the Debed River at the point of abstraction for the Process Industrial Waters
16) On the Debed River 500m downstream of the abstraction point.
17) Groundwater samples from tests borehole 1‐3 located immediately downstream of clarified water
pond
18) Just after the limits of Shnogh community and downstream of monitoring point 5
19) Just before the Shnogh river discharges into Debed River
20) At Debed river, below monitoring point 16 and immediately after where the two rivers meet (Debed
and Shnogh)
21) On the discharge from crushed stone sedimentation basins
Monthly sampling regime is implemented at all of the above sites.
A map of the Water Monitoring Sites adjacent to the Teghout Mine Development is provided in Appendix
B.
Water monitoring associated with the adit has been introduced from November 2014 at the following 5
locations:
SW1)
SW2)
SW3)
SW4)
SW5)

Water close to the adit entrance
Water from Dukanadzor River approximately 5m upstream of the confluence with Adit 2
Water from tributary to the Dukanadzor River approximately 5m upstream of the confluence
with the Dukanadzor
The Dukanadzor River approximately 25m downstream of the confluence with Adit 2
The Dukanadzor River approximately 5m upstream of the confluence with the Pijout River

The following parameters are to be monitored on a monthly basis
Temperature
Pressure
pH
ORP
Conductivity
DO
Following the review of the monitoring results over a 3‐6 month period an assessment of potential impact
and mitigation will be undertaken.
8.1.3

General Control Structures

The erosion and sediment control structures associated with the surface water drainage systems are
inspected on a monthly basis, as well as after every significant storm and rainfall event (i.e. >10mm in a 24
hour period) to check that they are operating satisfactorily and to perform any maintenance work and
repairs that may be required. Regular maintenance includes:
•
•
•

Sediment removal from sediment traps;
Repairs of areas, which have eroded or become unstable following periods of high flow; and
Checks on bund integrity and diesel fuel/chemical storage to ensure compliance with the appropriate
standards.

8.1.4

Tailings Water Pond Sump Performance

There must be regular (as appropriate) inspection and recording of:
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•
•

•
•
•
•

During periods of dry weather that the sump is being drained down adequately by pump operations
and no spill from the sump overflow is occurring.
Routinely and during storm events, monitoring of operating levels within the water pond to ensure
that the pond top water level is not exceeded. Implementation of measures to control / prevent flows
into the pond from the tailings to prevent this occurring.
Following a significant storm events the sump shall be checked to monitor water levels and duration
to return to normal operation. The activation of the pond overflow shall be recorded.
The integrity of the sump dam wall e.g. checking for piping and slumping and the correct functioning
of overflow / spillway and overflow treatment system;
The degree of sediment accumulation in the sump, and sediment traps associated with the overflow
system.
Observation of scour within the water pond and at the outfall locations to the Kharatanots River
associated with the overflow system.

It shall be the responsibility of the site Environment and Community Coordinator to conduct these
inspections as appropriate and make the records of them available.
8.1.5

Overburden and Oxidised waste Stockpile Holding Pond Performance

There must be regular (as appropriate) inspection and recording of:
•

•

•
•

During periods of dry weather the rate of baseflow entering the holding ponds and the retained pond
level. It should be ensured that adequate freeboard is provided in the pond(s) to accommodate the
prescribed design event storage volume.
During a significant storm event the ponds shall be checked to monitor water levels. A contingency
plan shall be implemented should it be predicted (from weather forecasts) that the pond crest level
be exceeded.
The integrity of the pond walls or embankment dams e.g. checking for piping and slumping .
The degree of sediment accumulation in the ponds and sediment traps.

It shall be the responsibility of the site Environment and Community Coordinator to conduct these
inspections as appropriate and make the records of them available.
8.2

Non‐compliance Procedures

In the event that regular inspections and on‐going water monitoring shows that there has been a
significant release of contaminated water to the Kharatanots river or Dukanadzor stream appropriate
management and mitigation measures may be required. The Environmental and Community Coordinator
shall be responsible for the implementation of all contingency plans and strategies to manage exceedance
of the Maximum Permissible Concentration (MPC) values detailed in Table 8.1 and additional parameters
in Table 8.2.
8.3

Reporting Requirements

It is the responsibility of the Environment and Community Coordinator to ensure that extensive records
are kept of all inspections of sediment control structures. These records are to include observations made
and any remedial actions required as part of the monitoring, inspection and maintenance regime.
Water quality monitoring results are also to be recorded in a format that allows a clear and concise review
and comparison with baseline and historical data for the project. In the event that an exceedence figure is
recorded then the contingency plan will be enacted to attempt to manage the factors contributing to the
water quality impact.
Environmental performance of the Project will be reported in accordance with approval requirements and
within the Annual Review.
Any incidents that materially harm the environment will be reported to the Armenian Ministry of Nature
Protection.
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CONTINGENCY AND RESPONSE PLANS
The proper planning for contingencies and responses to environmental issues/ incidents is important and
will be the responsibility of the Environment and Community Coordinator and/or Project Manager.
An appropriate contingency response should consider:
•
•

A well‐defined methodology (mechanism) for the timely detection of any exceedences and releases
during heavy rainfall events, and
An appropriate allocation of appropriate equipment and chemicals that is safely and securely stored
on site such as silt fencing and steel posts, hay bales, bulk gypsum, mobile coagulant dosing plant,
flocculent dispensers, oil containment boom, spill kits etc.

A contingency plan for water, sediment control and erosion management has been provided in Table 9.1.
This table provides the environmental monitoring trigger limits for the environmental factors that require
regular monitoring (see Section 8). It also provides some response actions that should be implemented in
case of an exceedence or contaminant release. The measures should be available to deploy in an
emergency situation.
Table 9.1 – Contingency Responses for Water Quality Impacts Identified During Monitoring
Factor

Observation

Trigger Level

Suspended solids ‐
Turbidity

Excessively turbid water from
tailings water pond sump
overflow, site roads, surface
water drainage systems or
river diversion channels
discharging to Kharatanots
river / Dukanadzor stream
and related tributaries.

Suspended particles
greater than baseline
levels + 0.25 mg/l

Oil or fuel
contamination

Excessively oily or fuel
contaminated water from the
site roadways, defective
storage bunds, drainage
systems.

Oil and Grease (O&G)
concentration above
0.05 mg/L
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Response
• Immediately report findings to the
Environment and Community Coordinator.
• Install sediment control fences along
contours of slopes below areas of
disturbed/bare soils and receiving
watercourses / drainage systems;
• Install hay bales in dish diversion drains to
filter sediment in flowing water;
• Dose the water pond with bulk gypsum
and/or flocculent and/or coagulant from
mobile dosing plant, as per recommendations
to be determined by the Environment and
Community Coordinator and/or a water
chemistry specialist;
• Re‐vegetate and/or hydroseed areas of bare
ground to establish vegetation.
• Check efficiency of sediment traps and
maintenance requirements. Install additional
temporary sedimentation traps.
• Identify source of contamination and isolate
and/or eliminate further contaminant
introduction;
• Install emergency oil containment boom
around spill area;
• Immediately report findings to the
Environment and Community Coordinator;
• Use spill kits to “mop” up any fuel or oil
spillages.
• Check operation of oil separators within site
surface water treatment package plants and
empty where appropriate.
• Repair defects to oil / fuel storage bunds

Factor

Observation

Trigger Level

Response
• Do not discharge any high (>6.5 pH) or low
(<8.5 pH) water into watercourses.
• Immediately report findings to the
Environment and Community Coordinator;
• Neutralise pH levels by treating slurry/water
storages as per recommendations to be
determined by the Environment and
Community Coordinator and/or a water
chemistry specialist.
• Immediately report findings to the
Environment and Community Coordinator.
• Conduct spot sampling around surface water
drainage network to identify source of
contamination.
• Check current status of tailings water pond
overflow operation.
• Review historical status of tailings water pond
overflow operation.
• Check integrity of tailings pipeline
• Check integrity of tailings dam
• Check integrity of overburden stockpile /
oxide waste stockpile pond liners.
• Check integrity of Tailings embankment
dams.
• Check integrity of all other tanks and silos.
• Following identification of contamination
source implement suitable treatment measures
based on recommendations to be determined
by the Environment and Community
Coordinator and/or a water chemistry
specialist.

Acidity (pH)

Excessive variation in pH
levels in water from the site
discharges

pH levels outside the
range of 6.5 – 8.5

Arsenic (As)

Excessive increase in
concentration levels
observed from water
sampling points on
Kharatanots river /
Dukanadzor stream
downstream of mine Facility

Concentration above
0.05mg/l
Concentration above
baseline levels +
0.0010mg/l
Concentration above
0.005mg/l
Concentration above
0.01mg/l
Concentration above
0.01mg/l
Concentration above
baseline levels +
0.0012mg/l
Concentration above
0.01mg/l
Concentration above
0.05mg/l
Concentration above
180mg/l
Concentration above
40mg/l
Concentration above
100mg/l
Concentration above
300mg/l
Concentration less
than or equal to
30mg/l
Significant variation
in baseline levels
and/ or greater than
400 μS cm‐1
Concentration above
0.05 mg/l
Concentration above
50 mg/l
Concentration above
0.1 mg/l
Concentration above
0.2 mg/l

Copper (Cu)

Cobalt (Co)
Nickel (Ni)
Zinc (Zn)
Molybdenum (Mo)

Manganese (Mn)
Iron (Fe)
Calcium (Ca)
Magnesium (Mg)
Sulphate (SO4‐2)
Chlorine (Cl)
Chemical Oxygen
Demand (COD)
Electrical
Conductivity (EC)

Cadmium (Cd)
Biological Oxygen
Demand (BOD)
Chromium (Cr)
Lead (Pb)
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See above

Factor

Observation

Trigger Level

Response
• Immediately report findings to the
Environment and Community Coordinator.
• Identify maintenance issues with wastewater
treatment works and rectify process.
• Monitor quality of wastewater entering
wastewater treatment works to identify
variations and additional tertiary treatment
requirements.
• If contaminates are identified in incoming
flows the foul sewerage system is to be
investigated to identify the source of pollution.
• Provide temporary full or tertiary treatment
facility to treat wastewater until treatment
issues are resolved.
• Immediately report findings to the
Environment and Community Coordinator;
• Inspection of sedimentation pond freeboard
and testing/inspection of water quality;
• Consider dosing the ponds with suitable
flocculent and/or coagulant from mobile dosing
plant, as per recommendations to be
determined by the Environment and
Community Coordinator and/or a water
chemistry specialist;
• Commence discharge or transfer of water
from holding pond(s) to increase freeboard.

Effluent Consent
Standard

Deterioration in effluent
output from Mine Central
Waste Water Treatment
Works.

Failure of any of MPC
parameters detailed
in table 7.1

Rainfall –
Overburden and
Oxidised Ore
Stockpile Pond
Pond Freeboard

On‐going rainfall causes level
of Ponds to quickly rise,
reducing freeboard

1000mm freeboard
(TBC)

RECOMMENDATIONS
A summary of the recommendations from this study is provided below.
Water Treatment
Further studies / Investigations and designs are required to resolve the following outstanding issues:
• Dependent on implementation of water supply recommendations by the communities, provide
confirmation on any supplementary treatment to be provided to spring and borehole waters to be
used for the potable water supply to the Teghout and Shnogh community villages e.g. disinfection.
Water Efficiency
• Investigate potential of implementing water efficiency measures on the potable water supply system.
Site Water Management Strategies
• Development of strategy for treatment of run‐off from site roads both metalled and un‐surfaced.
• Implementation of prescribed controls and mitigation measures identified in section 6.2
Erosion and Sediment Control
• Implementation of sediment control measures within the construction phase as identified in section
7.1.
• Implementation of sediment control measures within the operational phase as identified in section
7.2.
Monitoring
• Monthly observations / samples to be taken at all monitoring sites excepting sites 8 & 9 (Quarterly).
Contingency and Response Plans
• Projects Environment and Community Co‐ordinator and / or Project Engineer to be responsible for
implementation of contingency and response plans.
• Implementation of contingency responses as detailed in Table 9.1.
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Appendix A ‐ Process and Instrumentation Diagram 0251/PID/001
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Appendix B ‐ Map of the Monthly Water Monitoring Sites adjacent to Teghout Mine

Legend

Numbers on the map

Surface water sampling points

1‐7, 10‐16, 18‐21, SW1‐SW5

Groundwater sampling points

8,9,17
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