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Standing	column	wells	(SCWs)	are	hybrids	between	closed-	and	open-loop	systems.	
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•  Groundwater	 is	 pumped	 and	 recirculated	 inside	 a	 deep	 and	 open	
well.	

•  Discharging	 groundwater	 outside	 of	 the	 SCW	 (bleed)	 boosts	 the	
thermal	efficiency.	

SCWs	 allow	 reducing	 total	 borehole	 depth	 and	
iniLal	 costs	 by	 about	 2	 to	 5	 Lmes	 compared	 with	
convenUonal	 closed-loop	 systems	 (O’Neill	 et	 al.	
2006).	
	
Their	compact	configuraUon	(depth	+	efficiency)	also	
makes	 them	 beRer	 adapted	 to	 dense	 urban	 areas	
(Pasquier	et	al.	2016).	
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ProblemaLc	:		
	

Very	 few	 research	projects	are	documenUng	 the	operaUon	of	 SCWs,	 leading	 to	poor	
knowledge	 of	 the	 various	 condiUons	 and	 operaUng	 strategies	 affecUng	 their	
performance.	
	
ObjecLves	:	
	

Provide	 insights	 on	 the	 various	 condiUons	 and	 operaUng	 strategies	 affecUng	 the	
performance	of	SCWs	in	order	to	promote	adopUon	of	this	energy-efficient	technology	
and	encourage	good	pracUce.	
	
Methodology	:	
	

1.  Experimental	 data	 acquisiUon	 and	 analysis	 through	 the	 characterizaUon	 and	
operaUon	of	an	experimental	SCW	system.	

2.  Numerical	analysis	of	a	high-accuracy	simulaUon	model	developed	and	validated	
using	the	experimental	data.	
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A	mobile	geothermal	laboratory	coupled	to	a	SCW	is	installed	near	Montreal,	Canada.	

	

EXPERIMENTAL	–	GEOTHERMAL	LABORATORY		
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•  A	SCW	(215	m)	with	a	near-surface	pumping	chamber	for	easier	
installaUon	and	maintenance	;	

•  An	injecUon	well	(150	m)	for	reinjecUon	of	the	bleed	water	;	

•  4	heat	pumps	with	a	total	56-kW	capacity	;	

•  A	plate	heat	exchanger	to	avoid	groundwater	circulaUon	in	the	
heat	pumps	;	

•  A	water	heater	for	thermal	response	tests	;	
	
•  A	control	and	monitoring	system	including	550	m	of	fibre	opUc	

cables	;	

•  A	water	treatment	unit	with	a	sediment	filter,	a	caUonic	ion	
exchanger	and	a	disinfecUon	system	(Cerclet	et	al.	2020).	

	
Adapted	from	Beaudry	et	al.	2019	
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Tests	 InvesLgated	parameters	 Results	

Analysis	of	drill	cuengs	 Nature	of	soil	
Nature	of	bedrock	

Clayey	silt	(z<3	m)	
Shaly	limestone	(z>3	m)	

Temperature	profiles	 Average	ground	temperature	on	215	m	
Geothermal	gradient	

10.2	°C	
2.3	°C/100	m	

Pumping	test	
Water	table	depth	
Specific	storage	

Hydraulic	conducUvity	

2	m	(variable)	
7.5e-7	m-1	
5.7e-7	m	s-1	

InjecUon	test	 Maximum	sustained	bleed	rate	without	overflowing	 8	L/min	

Thermal	response	test	 Thermal	conducUvity	 2.74	W	m-1K-1	

A	series	of	field	test	was	conducted	on	the	experimental	site	(Beaudry	et	al.	2018,	2019).		
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The	mobile	geothermal	 laboratory	was	used	to	perform	25	
days	of	dynamic	winter	operaLon.	It	involved	:	
	

•  a	three-level	bleed	control	to	minimize	the	volume	of	discharged	
water.	 RespecUvely,	 10%,	 20%	 and	 30%	 of	 the	 total	 flow	were	
deviated	to	the	injecUon	well	when	the	water	temperature	at	the	
outlet	of	the	well	reached	7°C,	6°C	and	5°C.	

•  an	on-off	sequence	to	protect	heat	pumps	against	freezing.	Heat	
pumps	 were	 deacUvated	 for	 5	 minutes	 when	 the	 water	
temperature	at	the	outlet	of	the	well	reached	4	°C.	

	

Over	 the	 test	 duraUon,	 the	 groundwater	 temperature	was	
maintained	within	 the	 operaUonal	 range	while	 the	 system	
sustained	an	average	heat	exchange	rate	of	10	kW	and	an	
average	bleed	rate	of	3	L/min.	
	

During	peak	periods,	the	system	was	able	to	extract	120	W/
m	from	the	ground	and	deliver	a	peak	load	of	180	W/m	to	
the	ambient	air	(COP	=	3).	
	
	
	
	

EXPERIMENTAL	–	SYSTEM	OPERATION	
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A	finite-element	model	was	 developed	 in	 COMSOL	MulUphysics	 (Beaudry	et	 al.	2019).	 It	 couples	 a	 groundwater	
flow	model	(conUnuity	equaUon	and	Darcy’s	law)	to	a	heat	transfer	model	(heat	equaUon).	

SIMULATION	–	NUMERICAL	MODEL	DEVELOPMENT	

Submersible	
pump	heat	loss	

Surficial	
fractured	
zone	
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The	materials	properUes	were	selected	to	represent	
the	condiUons	on	the	experimental	site.	
	
A	 heat	 source	 was	 set	 at	 the	 locaLon	 of	 the	
submersible	pump	to	account	for	the	thermal	loss	of	
the	pump	motor.	
	
Based	on	geological	evidence	and	field	observaUons		
the	rock	formaUon	was	divided	in	a	more	permeable	
fractured	 horizon	 near	 the	 surface	 (between	 3	 m	
and	8	m)	and	a	less	permeable	horizon	for	the	lower	
part	of	the	SCW.	
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The	 numerical	 model	 was	 validated	 using	 the	
experimental	 data	 collected	 with	 the	 mobile	
geothermal	laboratory	.	
	
The	measured	iniUal	temperature	profile,	pumping	rate,	
bleed	 rate,	heaUng	power	and	submersible	pump	heat	
loss	were	used	to	emulate	the	field	tests	:	
	

•  Pumping	test	(MAE	=	7.3	cm)	

•  Thermal	response	test	(MAE	=	0.15	°C)		

•  Dynamic	winter	experiment	(MAE	=	0.32	°C).	

The	numerical	model	reproduces	the	drawdown	at	the	
well	 and	 the	 operaLng	 groundwater	 temperatures	 in	
both	 stable	 and	 dynamic	 condiLons	 with	 good	
accuracy.	

SIMULATION	–	NUMERICAL	MODEL	VALIDATION	
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MAE	:	Mean	
absolute	error	

Source	:	Beaudry	et	al.	2019	
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The	 numerical	 model	 was	 then	 exploited	 to	 invesUgate	 the	 impact	 of	 the	 depth	 of	 a	 fractured	 zone	 and	 the	
submersible	pump	inlet	depth	on	a	SCW.	To	this	end,	we	simulated	4	months	of	winter	operaLon	(20	kW	constant	
heat	extracUon)	under	a	high	hydraulic	solicitaLon	(30	L/min	bleed	rate).	
	

SIMULATION	–		EFFECT	OF	ROCK	FRACTURING	AND	PUMP	INLET	DEPTH	

Simulated	temperature	at	the	outlet	of	the	well.	
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•  Deep	 fracturing	 is	 beneficial	 to	 winter	
operaUon	 as	 it	 favors	 recharge	 of	 the	
well	 with	 warmer	 water	 due	 to	 the	
geothermal	gradient.	

•  Near-surface	 fracturing	 is	 less	 favorable	
as	 the	 temperature	 of	 groundwater	
recharging	the	well	is	strongly	influenced	
by	the	ambient	air.	

•  The	 submersible	 pump	 inlet	 depth	 has	
minimal	 impact	 that	 is	 associated	 with	
the	presence	of	fractured	zones.	

	

Top-pumped	

Down-pumped	

Source	:	Beaudry	et	al.	2019	
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Our	work	suggests	that	:	
	
•  A	 three-level	bleed	 control	 and	on-off	 sequence	 allow	maintaining	 the	groundwater	 temperature	above	 the	

freezing	 point,	 while	 minimizing	 the	 volume	 of	 discharged	 water	 and	 allowing	 to	 reach	 a	 120	 W/m	 heat	
extracLon	rate.		

•  A	 site	 invesUgaUon	 involving	 a	 pumping	 test,	 a	 thermal	 response	 test	 and	 downhole	 temperature	
measurements	should	allow	for	accurate	modelling	of	a	SCW.	

•  Deep	and	surficial	fractured	zones	can	have	a	strong	impact	on	heat	pump	operaLon	when	bleed	is	acUve	and	
should	be	included	for	be6er	modelling	accuracy.	

•  The	submersible	pump	inlet	depth	has	minimal	impact	on	the	well	heat	exchange	efficiency	and	can	be	placed	
near	the	surface	to	facilitate	installaUon	and	maintenance	operaUons.		

MAIN	RESULTS	AND	CONCLUSION	
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