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Not taking risks one doesn't understand is often the best form of risk management.
—Raghuram G. Rajan, Chief Economist and Director of

Research at the International Monetary Fund, 2003-2006

Increasingly widespread interest has grown regarding the use of depleted open pits for tailings
t tailings storage Jacilities (TSFs). Recent tailings dam fail-
ntained below the ground surface within bedrock pit

walls eliminates many failure mechanisms that exist for aboveground tailings facilities. However,
as with any long-term waste storage option, in-pit TSFs have physical integrity and environmen-
tal risks that must be addressed in the design and through effective operations and monitoring.
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Source: Canadian Nuclear Safety Commission 2017

FIGURET1 In-pit tailings deposition at the Rabbit Lake in-pit tailings management facility
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PRINCIPAL DESIGN ELEMENTS

In-pit TSFs are designed with either wet or dry covers (Figure 7.2) and can include eithe
or partially saturated materials and potentially a pit lake that behaves as either 5 HOW—ch ully
system or hydraulic sink resulting from open water evaporation or pumping. Ough
An essential consideration from both a corporate and societal perspective is ¢},
for sterilization of resources caused by the pit and underlying ore bCCOming ina
further mining. Mitigating these risks requires that the spatial and vertical distrip
grades be well understood, and additional condemnation drilling may be warranteq to aff
that reasonable prospects for eventual economic extraction are not compromised. Similarlyriri
should be confirmed that existing or future underground workings below or adjacent to the i)it
do not pose non-mitigable risks.
Evaluation of the site suitability of an in-pit TSF has a similar workflow to a convention,)
TSF and should include a multi-criteria alternatives evaluation for the site selection Process
(see Chapter 13) and a failure modes and effects analysis risk assessment (see Chapter 38).
In-pit tailings management is a contemporary and burgeoning concept with which regulators
and/or owners may not have previous experience. As a result, additional analysis above ang
bevond what is typical may be required to effectively demonstrate the environmental and soci|
risks than for a conventional tailings facility.

© POtentjy
ccessible
ution Of Ore

Surface Water Management

Surface water management for in-pit TSFs can be quite similar to an operating mine, if access
is required during operations. Under such circumstances, it may be necessary to operate and

Complete Backfill with Dry Cover
Dry Cover with Partial Saturation with Partial Saturation

r-Miing TOpography

Engineered Cover

’Reactive Waste :

Water Cover—Shown as an Evaporative Sink Saturated Waste Below Water Table

Water Cover

Saturated
Reactive Waste

Re_active Waste. )

Adapted from Arcadis 2015
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.. ir surface water management facilities including diversions, erosion controls, and
aintain 12 Pcollection facilities. Additionally, perimeter pit diversion channels and berms to
curface waltefr Adient overland runoff are also critical structures to reduce warer reaching the pit
mitigat® ulig ¢ and decrease the potential for infiltration, which can generate transient pore
crest and S:Zippotentiaﬂy slope instability.
ressurefil storm events and rainfall-runoff analyses (see Chapter 20) are completed to sup-
Destlegr balance models (see ChapFel‘ %9) and ensure that safe freeboard can be maintained
PO design storm events o comb.ll'iatlons of events .(e.g., monsoon season) within the pit
u ; fovels or internally (.ieﬂgned tailings cells. As.durlng mining, minimizing the potential
cres d back-cutting of weaker slope materials and infiltration to the pit slope and pit

erosion an - ;
for ¢ areas can be important factors for slope stability, and thus the safety and continuity of
cres §

ort wa

ion.
the operatio

groundwater Management
Groundwater management is integral to a design that is protective of the environment both

during tailings emplacement and post-closure. This frequently involves minimizing the flow
from the pit or facilitating flow around a low-permeability tailings core. Development of a low-
permeabiliry core by maximizing water recovery from the tailings, which increases consolida-
tion and decreases hydraulic conductivity, is a common design element.

The geologic and hydrogeologic conditions are key elements to evaluate as part of the
design process. This includes the current and future conditions, such as the following:

= Will the pit be in a dewatered state or flooded?

« What is pit water quality and what will it be in the future?

* How will water from dewatering be used, disposed of, or treated?

* How much water will need to be managed to maintain a dewatered state during opera-
tions (if required by design)?

* Will changes to dewatering/depressurization systems during operations induce
unacceptable pore pressure conditions in the pit slopes?

* Ifa pit lake will be present during post-closure, will it be a hydraulic sink or will a low-
through system be created?

The baseline hydIOgeologic conditions, including the hydraulic heads and water quality,
t;zsirgi? zio have well estat.)lished in the pit area, and the hydraulic-propert.ies. of l;f)ild.rogeo—
only €Valuai, LOSt;uctural units (C..g., fz%ults) should be well characterized. It is insu; c;jenﬂt to
tegime, verrie le}? s afOl-.lnd th? pit: It is necessary to unde.rstand the t'}{ree—duzensmn d.ow
Materis Ac;a' .Ydfall%lc gradients, and hydraulic properties of the t.al'lmgs and surroun mgf
Nested m.Onit eving this level. of understanding often requires the firllllng an<fi lrnomto‘rim'g 0
condyjpg Withonng _Wel.ls or vibrating wire piezometers and targeting potentia gro}ilndwjlte(;

ater Qualicy dmo.mmfl.n.g wells. The monitoring of botl? changes in groundwat(c; heads axl;
idly igen; . Uring tall.lngs placement allows for deviations from expected con mon‘s to be
e dyg. ed and mitigated. Commonly, monitoring wells are constructed such that they
Stang, LD ©%¢ monitoring and containment wells equipped with submersible pumps on
Watep o " AiNment wells are used to provide redundancy in design and can be activated if
®xceedances are identified.
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Adapted from Arcadis 2015

FIGURE73 Overview of 3 pervious surround concept for in-pit tailings storage facilities
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Adapted from Arcadis 2015

FIGURE 74 Concept of groundwater flow around a low-permeability tailings mass

flow through the tailings themselves, thus limiting the contaminant flux through advective
processes (Lange and Van Geel 2011). The diffusive fluxes were significantly lower, and the rate
of these fluxes are predicted to decline asymptotically from a rate controlled by diffusion at the
uilings’ outside edge toward a steady-state rate controlled by advection through their core.

In high net evaporation environments, it may be possible for a wet cover to be used that
has a high enough evaporative flux that it is maintained as a hydraulic sink, inhibiting the
ourward migration of impacted water.

Extensive groundwater flow and transport modeling is generally required to evaluate
hydrogeologic conditions during operations and post-closure, particularly the rate of re-
satration, the final phreatic surface, and groundwater flow paths and fluxes. Particle tracking
(Figure 7.5) can be used to aid in identifying principal flow paths within the system and d?[er'
Mining optimal locations and depths for groundwater monitoring. S.UCh models canlbe lcaiu:g ;i
W ooy WAPLOW 06 Py 309 NODRLON SUACT

g ) . d hydraulic con-

(HydrOGeOLogic 1996), or similar codes. Numerical modeling app roa.Ch.es anh . 21 of this
Ginment are described in more detail in the section on secpage analysis in f(gg;e;).

handbook, in Anderson et al. (2015), and by the Nationfﬂ Research C(})ltnﬂc(l)w i changes

ost-closure groundwater quality monitoring strategics cha'ngf.: as t ity paran-

*1d backfilleq materials re-saturate. Real-time monitoring of indicator wa ification of water

s (e.g. electrs Al N icularly useful in the early identi activated,

rical conductivity) can be part Y . rainment wells be acth

Y excursions. Should excursions occur and hydraulg: 'COrI::quired, Particularly e

Ong:rtlg)n for how impacted water W(.)uld be Zla;ig; c(lilsidefations can be rz;thei:soriz;
Ple, ¢ used as makeup water or easily treatcc. inants May result in exceeCs
materializ?main hydrogeologic circumstances and Conzirﬁundrcds of years)-

"8 until many years after closure (e.g.» tens
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