
	



Outline	

•  The	Tailings	Dam	Failure	and	Subaerial	Debris	
Flows	in	Hazel9ne	Creek	

•  Subaqueous	Gravity	Flows	in	Quesnel	Lake	
•  Erosion	by	Subaqueous	Debris	Flows	in	
Quesnel	Lake		
– Preliminary	Results	From	the	Iverson	(2012)	
Entrainment	Model	

•  Geoflo19:	Modelling	Debris	Flow	Deposi9on	in	
Quesnel	Lake	
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•  Early	on	August	4,	2014,	a	tailings	dam	failure	
occurred	at	the	Mount	Polley	Mine	causing	
water	and	toxic	tailings	to	be	released	to	
Polley	Lake,	Hazel9ne	Creek	and	Quesnel	Lake	

•  The	failure	of	the	dam	was	caused	by	a	
combina9on	of	poor	design,	poor	
maintenance,	and	inadequate	inspec9on	by	
the	Bri9sh	Columbia	government	

The	Tailings	Dam	Failure	and	Subaerial	
Debris	Flows	in	Hazel9ne	Creek	

	

hZps://www.youtube.com/watch?v=VYYwzAvQIF8	
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hZps://www.youtube.com/watch?v=xAItFxc8bME	
	
	





Volume	es9mates	for	tailings	dam	failure	



Rico	et	al.	2008,	Journal	of	Hazardous	Materials	
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hZps://www.youtube.com/watch?v=YJqDJZQU8E4	



Subaqueous	Gravity	Flows		
in	Quesnel	Lake	
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Photos	of	MBES,	subboZom	profiler,	sidescan	sonar	
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Erosion	by	Subaqueous	Debris	Flows		
in	Quesnel	Lake		

	



Haughton	et	al.	2009,	Marine	and	Petroleum	Geology	

Classifica9on	



Haughton	et	al.	2009,	Marine	and	Petroleum	Geology	



Quesnel	Lake		

Mulder	et	al.	2001,	Sedimentology	



•  Up	to	20	m	ver9cal	incision	and	1.5x106	m3	
scoured	in	small	cobbles	and	gravel	on	
Hazel9ne	Creek	fan-delta	

Erosion	



The	Bare	Bones	of	the	Iverson	model	

Part	1:	
•  Coulomb	slide	block	of	
mass	m(t)	and	velocity	
v(t)	descending	a	plane	
inclined	at	the	angle	θ	



Part	2:	
•  Three-layer,	depth-	integrated,	con9nuum-
mechanical	model	of	mass	and	momentum				
exchange	between	a	flow,	an	erodible	bed,		

				and	a	stable	substrate.	



•  Part	2	model	iden9fies	mechanical	controls	on	
entrainment	efficiency	at	the	bed	boundary	

•  Explicit	predic9ons	of	the	entrainment	rate	E	
result	from	making	reasonable	assump9ons	
about	flow	velocity	profiles	and	boundary	
shear	trac9ons		



where:	τ	is	shear	stress,	ρ	is	the	bulk	density	of	the	
flow,	s1	is	a	finng	parameter	for	the	velocity	
profile	in	the	flow,	v	is	velocity		



•  Boundary	shear	trac9ons	τ1bot	and	τ2top	obey	a	
Coulomb	fric9on	rule	τ	=	μσ’zz		where	μ	is	the	
Coulomb	fric9on	coefficient,	σ’	is	effec9ve	
normal	stress:	

•  Boundary	shear	trac9ons	that	sa9sfy	τ	=	μσ’zz	

	
	
where	p	is	fluid	pore	pressure	



•  By	incorpora9ng	(37)	and	(38),	(34)	becomes:	

	

•  Contrasts	in	boundary	pore	fluid	pressure	can	
also	promote	entrainment	

•  If	the	top	of	the	bed	sediment	becomes	
completely	liquefied	by	high	pore	pressures	
(i.e.,	p2top	=	ρgh1	cosθ)	and	the	value	s1	=	½	

				is	adopted	to	describe	the	flow	velocity								
	profile,	then	(39)	reduces	to:	



	
where	θ	is	the	slope	angle,	μ1	is	the	flow’s	Coulomb	
fric9on	coefficient,	h1	is	its	thickness,	v1	is	its	depth-
averaged	velocity,	and	λ1	is	its	degree	of	liquefac9on:		



	
where	θ	is	the	slope	angle,	μ1	is	the	flow’s	Coulomb	
fric9on	coefficient,	h1	is	its	thickness,	v1	is	its	depth-
averaged	velocity,	and	λ1	is	its	degree	of	liquefac9on:	
	
•  Is	there	anything	counterintui9ve	about	(41)?		



	
where	θ	is	the	slope	angle,	μ1	is	the	flow’s	Coulomb	
fric9on	coefficient,	h1	is	its	thickness,	v1	is	its	depth-
averaged	velocity,	and	λ1	is	its	degree	of	liquefac9on:	
	
•  Is	there	anything	counterintui9ve	about	(41)?		







•  Flow	liquefac9on	likely	plays	a	cri9cal	role	in	
bed	entrainment	
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•  Test	case:	measured	erosion	rate,	Em,		for	5	m	
of	scour	in	the	large	scour	channel:	

	

	

Duration	(hours)	 12	 8	 6	
Em	(m/s)	 0.0001157	 0.0001736	 0.0002314	
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•  Suberial	debris	flow	thickness	at	Hazel9ne	
Creek	mouth	is	es9mated	at	h1	=	0.35	m	

•  Gradient	of	Hazel9ne	Creek	fan-delta	near	
creek	mouth	is	θ	=	16o	

•  In	experimental	and	natural	subaerial	debris	
flows:	
– μ1	=	0.84	-	0.97	
–  	λ1	=	0.5	-	0.8		
– v1	=	3.9	-	12	m/s	



0	

0.0002	

0.0004	

0.0006	

0.0008	

0.001	

0.995	 0.996	 0.997	 0.998	 0.999	 1	

En
tr
ai
nm

en
t,	
E	
(m

/s
)	

Liquefac9on,	λ1			

h1	=	0.35	m,	θ	=	16o,	μ1	=	0.84		



0	

0.0002	

0.0004	

0.0006	

0.0008	

0.001	

0.995	 0.996	 0.997	 0.998	 0.999	 1	

En
tr
ai
nm

en
t,	
E	
(m

/s
)	

Liquefac9on,	λ1			

Em	for	6	hours	

Em	for	12	hours	



Sohn	et	al.	2002,	Terra	Nova.			

Subaqueous	non-hydroplaning	debris	flow	

Subaqueous	hydroplaning	debris	flow	



Summary	so	far…	

•  Failure	of	the	Mt.	Polley	mine	tailings	dam	
caused	14x106	m3	of	sediment	and	inters99al	
water	to	flow	into	Quesnel	Lake	

•  The	resul9ng	subaqueous	debris	flow	in	
Quesnel	Lake	eroded	1.5x106	m3	of	fan-delta	
fine	cobbles	and	gravel	

•  A	test	case	of	the	Iverson	(2012)	debris	flow	
entrainment	model	suggests	that	the	
erosional	debris	flows	in	Quesnel	Lake	were	
nearly	liquefied	



What	now?	

•  Carry	on	with	Iverson	model	

•  A	different	approach/model?	
– Sedflux	(HuZon	and	Syvitski	2008)	
– Sugges9ons?	

	
	

Go	for	
it!	



But	wait,	there’s	more!	






