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EGS Collab Team 

Building collaborations with Schlumberger, Luna, AIST, GTS, Florian Amann  

Tom Doe 
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Relevance to Industry Needs and 
GTO Objectives (1) 

Enhanced Geothermal Systems (EGS) hold the potential to power 
tens of millions of American homes and businesses. There are 
knowledge gaps in processes related to creation and sustaining 
reservoirs, and few comprehensive data sets are available to validate 
EGS codes. The EGS Collab project will generate data sets specifically 
targeted to constrain and validate predictive tools for EGS 
commercialization. Validated models will reduce reservoir production 
costs by optimizing the number of wells and stimulations and providing 
the scientific bases for engineering solutions. 

The EGS Collab project will enhance understanding of  reservoir 
creation processes including stimulation, monitoring, flow, and heat 
exchange, and the ability to accurately simulate these processes.  
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•  Develop ~10 m-scale field sites where the subsurface modeling and 
research community will establish validations against controlled, 
small-scale, in-situ experiments focused on rock fracture behavior 
and permeability enhancement.  

•  Provide the opportunity for reservoir model prediction and validation 
and in-depth fracture characterization, with an ultimate goal of 
further elucidating the basic relationship between stress, seismicity 
and permeability enhancement.  

•  Identify and quantify the nature of stimulation (e.g., hydraulic 
fracturing, shear stimulation, mixed-mode fracturing, thermal 
fracturing) and other key governing parameters that impact 
permeability. 

•  Apply comprehensive instrumentation and data collection.  
•  Prepare, validate, and improve tools for FORGE and EGS. 

EGS Collab Challenges 
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Specifically we will: 

•  Establish a collaborative experimental suite of intermediate-scale 
(~10-20 m) field test beds coupled with stimulation and interwell flow 
tests. Tests will be specifically designed to compare measured data 
to models to improve the measurement and modeling toolsets that 
will be available for FORGE.  

•  Perform pre- and post-test modeling of each test for model 
prediction and validation. 

•  Perform well-controlled, in situ experiments focused on rock fracture 
behavior and permeability enhancement.  

•  Collect high-quality, high-resolution geophysical and other fracture 
characterization data using comprehensive instrumentation. These 
data will rapidly become available to the community.  

Methods/Approach 
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•  Analyze data and compare to models and field observations to 
further elucidate the basic relationships between stress, induced 
seismicity, and permeability enhancement.  

•  Drill back through the stimulated zone to provide as-is fracture 
characteristics that can be compared to other monitoring data as 
well as predictions.  

•  Observe and quantify other key governing parameters that impact 
permeability and attempt to understand how these parameters might 
change throughout the development and operation of an EGS 
project with the goal of enabling the commercial viability of EGS. 

•  Operate openly, and disseminate data, information, and knowledge 
efficiently.  

Methods/Approach (2) 
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•  Experiment 1, intended to investigate hydraulic fracturing, at the Sanford 
Underground Research Facility (SURF) at 1,500 m depth  

•  Experiment 2 will be designed to investigate shear stimulation.  
•  Experiment 3 will investigate changes in fracturing strategies and will be 

further specified as the project proceeds.  

Methods/Approach (3) 
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Project Description 
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Project Organization 

PI		
Tim	Kneafsey	(LBNL)	

co-PI	
Doug	Blankenship	(SNL)	

Project	Manager	
Carol	Valladao	(LBNL)	

Site	OperaFons	Coordinator	
Dennis	King	(SNL)	

Field	TesFng	
and	SFmulaFon	
Hunter	Knox	

(SNL)	

Geologic,	
Geomechanical,	
and	Hydrologic	
CharacterizaFon	

Pat	Dobson	
(LBNL)	

Experiment	
Design	

Joe	Morris	
(LLNL)	

Monitoring		
(geophysics,	

hydrology,	etc.)	
Jonathan								

Ajo-Franklin	
(LBNL)		

Laboratory	
Experiments	

and	
Measurements	
Megan	Smith	

(LLNL)		

IntegraFon,	
Upscaling,	

ApplicaFon	to	
FORGE		

Rob	Podgorney	
(INL)	

Modeling	and	
SimulaFon	
Mark	White	

(PNNL)	

ExecuFve	CommiVee	
D.Blankenship1,3	(SNL),	A.Bonneville1	(PNNL),	L.Boyd4,	

Z.Frone4,	L.Huang1	(LANL),	B.Johnston1	(NREL),	
T.Kneafsey1	(LBNL),	J.McLennan3	(Utah),	R.Mellors1	

(LLNL),	E.Metcalfe4,	A.Nieto4,		
R.Podgorney1	(INL),	Y.Polsky1	(ORNL),	S.Porse4,	

B.Roggenthen2	(SDSMT),	B.Vandermeer4	
1NaFonal	Lab,	2Academic/Industrial,	3FORGE,	4DOE		

Academic	and	Industrial	Team	
Roland	Horne	and	Mark	Zoback	(Stanford),	
Herb	Wang	(Wisconsin),	Ahmad	Ghassemi	
(Oklahoma),	Derek	Elsworth	(Penn	State),	
Bill	Roggenthen	(SDSMT),	Yu-Shu	Wu	

(CSM),	Tom	Doe	

Data	Manager	
Jon	Weers	(NREL)	

Task	2	–	Site	SelecFon,	PreparaFon,	Drilling	
and	Coring,	CharacterizaFon	(EGS	Experiment	

1)	Pat	Dobson	(LBNL)	

Task	1	
Project	Management	

Task	3	–	Refine	SFmulaFon	Test	Design,	
Preliminary	THMC	Test	Design	Modeling,	and	

Monitoring	Design	and	InstallaFon	(EGS	
Experiment	1)	Joe	Morris	(LLNL)	

Task	5	-	Interwell	Flow	Test	-	Geophysical	and	
Hydrological	CharacterizaFon	and	Drillback	
(EGS	Experiment	1)	Tim	Johnson	(PNNL)	

Task	4	-	SFmulaFon	Test	-	Permeability	
Enhancement	ExecuFon	and	CharacterizaFon	
(EGS	Experiment	1)	Hunter	Knox	(Sandia)	

Task	6	-	Feasibility	EvaluaFon	of	PotenFal	
SFmulaFon	Methods.	(EGS	Experiment	3)	Earl	

MaVson	(INL)	

Task	12	-	High	Temperature	Laboratory	
ExperimentaFon	to	Support	EGS	SFmulaFons	

Megan	Smith	(LLNL)	
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Methods/Approach Tasks 2, 3 

Tasks 2 (and 7):  Site Selection, 
Preparation, Drilling and Coring, 
Characterization (EGS Experiment 1) - Pat 
Dobson 

Tasks 3 (and 9):  Refine Stimulation Test 
Design, Preliminary THMC Test Design 
Modeling, and Monitoring Design and 
Installation (EGS Experiment 1) – Joe 
Morris 

Fat Crayon to  
Refined Layout 
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Methods/Approach Tasks 4, 5 

Task 4:  Stimulation Test - Permeability 
Enhancement Execution and Characterization 
(EGS Experiment 1) – Hunter Knox 

Task 5:  Interwell Flow Test - Geophysical 
and Hydrological Characterization and 
Drillback (EGS Experiment 1) – Tim 
Johnson 
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Methods/Approach Tasks 6, 12 

Task 6:  Feasibility Evaluation of Potential 
Stimulation Methods. (EGS Experiment 3) –	
Earl Mattson 
 

Task 12:  High Temperature Laboratory 
Experimentation to Support EGS Stimulations. 
–	Megan Smith 
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Technical Accomplishments and 
Progress 

Project Milestone Progress Date 

1.1	All,	Project	kickoff	meeFng	completed,	execuFve	
commiVee	formed,	task	teams	formed Completed 3/31/17 

1.2	LBNL,	Detailed	Work	Plan	and	Project	Management	Plan	
prepared	to	reflect	DOE	and	reviewer	input. 

Completed 
 6/30/17 

1.3	LLNL,	EGS	Experiment	1,	Refine	SFmulaFon	Test	Design.	
Based	on	available	and	collected	informaFon,	the	tests	
design	will	be	refined.	This	will	include	specificaFon	of	
geophysical	instrumentaFon,	flow	instrumentaFon,	and	
sFmulaFon	equipment	and	instrumentaFon.	This	milestone	
signifies	parFal	compleFon	of	Task	2	and	significant	
compleFon	of	Task	3. 

Completed 
 9/31/17 

1.4	INL,	EGS	Experiment	3,	EGS	Exp3	Evalua:on	Report	with	
Considered	Methods.	This	milestone	signifies	comple:on	of	
Task	6. 

On 
Schedule 12/30/17 

1.5	LBNL,	Prepared	test	bed	suitable	to	perform	s:mula:on	
tests.	This	milestone	signifies	comple:on	of	Task	2. 

Anticipated 
12/17 3/31/18 

Laboratory	 Milestone	Name/DescripFon	 End	Date	 Type	

1.1.7.2    LBNL
Host	Kickoff	Mee:ng,	organize	execu:ve	commiWee	and	assign	task	and	working	group	leads,	Ini:ate	and	lead	Tasks	2	and	7	(Site	Selec:on,	
Prepara:on,	Drilling	and	Coring,	Characteriza:on	(EGS	Experiments	1	and	2),	and	lead	Monitoring	and	Laboratory	Experiments	and	
Measurements	working	groups.	

3/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.3				INL	
FY17Q2	-•Task	1	–	By	3/07/17	Par:cipate	in	SIGMA-V	kickoff	mee:ng,	present	Task	6	at	mee:ng	–	Suppor:ng	Project	Milestone	1.1•Task	1	–	By	
3/31/17	Update	SharePoint	with	INL	task	descrip:ons,	budget	and	milestones–	Suppor:ng	Project	Milestone	1.1•Task	4	–	By	3/17/17	Present	
INL	DEM	results	of	fracture	s:mula:on	to	SIGMA-V	Modeling	Group–	Support	Project	Milestone	1.3	

3/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.4				NREL	 Par:cipate	in	Kickoff	Mee:ng,	and	par:cipate	in	execu:ve	commiWee	suppor:ng	Project	Milestone	1.1.		By	3/31/2017,	plan	interac:ons	in	
modeling	and	data	management	tasks,	and	update	AOP	in	SharePoint	with	task	descrip:ons,	budget	and	milestones.	 3/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.6    ORNL Par:cipate	in	Kickoff	Mee:ng,	and	par:cipate	in	execu:ve	commiWee	suppor:ng	Project	Milestone	1.1.	 3/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.7    SNL
1.1	Par:cipate	in		Kickoff	Mee:ng,	organize	and	par:cipate	in	execu:ve	commiWee	and	assign	task	and	working	group	leads,	Lead	Task	4	
(S:mula:on	Test	-	Permeability	Enhancement	Execu:on	and	Characteriza:on	(EGS	Experiment	1)	)	and	Field	Tes:ng	and	S:mula:on	Working	
Group.	

3/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.8    LLNL 1.1	All,	Project	kickoff	mee:ng	completed,	execu:ve	commiWee	formed,	task	teams	formed	 3/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.9    PNNL
Par:cipate	in	Kickoff	Mee:ng,	and	par:cipate	in	execu:ve	commiWee.	Organize	and	lead	Task	5	(Interwell	Flow	Test	-	Geophysical	and	
Hydrological	Characteriza:on	and	Drillback	(EGS	Experiment	1)),	and	the	Modeling	and	Simula:on	working	group	Suppor:ng	Project	Milestone	
1.1.	

3/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.2    LBNL
Submit	drag	PMP	including	all	available	informa:on	(Task	workplans	are	to	be	submiWed	to	LBNL	on	5/31/17)	to	DOE	for	review.	Compose	LBNL	
component	of	work	plan	with	coordina:on	from	task	leads.Coordinate,	compile,	and	compose	workplans	for	Tasks	2	and	7	with	contribu:ons	
from	LBNL,	other	labs,	and	universi:es.	

5/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.5    LANL
By	5/31/2017,	deliver	LANL	component	of	work	plan,	including	seismic	modeling	(Task	2	and	3),	THMC	modeling	(Task	2),	and	contribu:on	to	
s:mula:on	design	(Task	3),	to	Task	2	Lab	Lead	LBNL	and	Task	3	Lab	Lead	LLNL	for	incorpora:on	into	Project	Workplan	suppor:ng	Project	
Milestone	1.2.	Deliver	LANL	component	of	Tasks	4	and	5	workplans	in	coordina:on	with	other	labs	and	universi:es.	

5/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.6    ORNL
By	5/31/2017,	deliver	ORNL	component	of	work	plan	with	coordina:on	from	task	leads	for	incorpora:on	into	Project	work	plan	suppor:ng	
Project	Milestone	1.2.	This	work	plan	component	will	focus	on	defining	data	needs	and	documen:ng	the	data	modali:es,	characteris:cs	and	
expected	outputs	for	image	reconstruc:on	methods	that	will	be	applied	to	field	experiments	at	SURF.	

5/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.7    SNL 1.2	Deliver	SNL	component	of	work	plan	with	coordina:on	from	task	leads	for	incorpora:on	into	Project	Workplan.		With	LBNL,	provide	
modified	Project	Management	Plan.	Deliver	Task	4	workplan,	coordinated,	and	compiled	from	contribu:ons	from	labs	and	universi:es.	 5/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.9    PNNL

By	5/31/17,	PNNL	will	deliver	a	work	plan	to	LBNL	for	Task	5	to	be	incorporated	into	Project	Workplan.		The	workplan	for	Task	5	will	be	
developed	based	on	input	from	the	kickoff	mee:ng	and	bi-weekly	planning	mee:ngs	with	the	mul:-lab,	university,	and	industry	Task	5	team	
(which	includes	working	group	and	task	leads).	Data	inputs	to	this	task	include	specifica:ons	from	the	modeling	team	concerning	how	the	tests	
should	be	conducted	and	which	measurements	should	be	acquired	during	each	test.	The	task	plan	will	include	descrip:on	of	each	Task	5	flow	
test,	including	test	objec:ves	(i.e.	how	test	data	will	inform	and	improve	model	predic:ons),	an:cipated	data	products,	preliminary	data	
management	plans,	preliminary	risks	and	risk	mi:ga:on	measures,	infrastructure,	equipment	and	safety	requirements,	and	how	mee:ng	those	
requirements	will	be	achieved.	This	milestone	will	serve	as	the	basis	for	the	detailed	Task	5	execu:on	plan	SMART	milestone.	This	is	in	support	
of	Project	Milestone	1.2.	

5/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.2    LBNL
By	6/30/17,	deliver	compiled	workplan	to	DOE	including	all	Year	1	task	workplans	(Task	2	and	7	from	LBNL,	Tasks	3	and	12	from	LLNL,	Task	4	
from	SNL,	Task	5	from	PNNL,	and	Task	6	from	INL)	detailed	to	guide	the	work	and	team	interac:ons.	By	6/30.17,	with	SNL,	provide	modified	
Project	Management	Plan	to	DOE.	

6/30/17Quarterly	Progress	Measure	(Regular)	

1.1.7.3				INL	

FY17Q3		•Task	2	–	By	4/30/17	Order	geologic	framework	model	sogware–	Support	Project	Milestone	1.3•By	5/31/17	Contribute	to	Tasks	2,3,4,5	
workplans	details	of	geologic	framework	model,	THMC	modeling	on	s:mula:on/fracture	flow	and	flow	characteriza:on	ac:vi:es	including	
environmental	informa:on	to	SURF	on	tracer	selec:on	for	injec:on	Task	4	–	suppor:ng	Project	Milestone	1.2•Task	5	–	By	5/31/17	Submit	Task	6	
workplan	to	LBNL	to	include	in	Project	Workplan	–	Support	Project	Milestone	1.2•By	6/30/17	Compete	preliminary	hydraulic	fracturing	
s:mula:on	modeling	using	INL’s	DEM	and	FALCON	codes	–	Suppor:ng	Project	Milestone	1.3	

6/30/17Quarterly	Progress	Measure	(Regular)	

1.1.7.4				NREL	
By	5/31/2017,	deliver	NREL/CSM	modeling	component	of	work	plan	with	coordina:on	from	task	leads	for	incorpora:on	into	Project	Workplan	
suppor:ng	Project	Milestone	1.2.	By	6/30/2017,	deliver	updated	Data	Management	Plan,	in	coordina:on	with	DOE	and	data	users	and	
generators	suppor:ng	Project	Milestone	1.2.	

6/30/17Quarterly	Progress	Measure	(Regular)	

1.1.7.8    LLNL

1.2.	LLNL	Refine	EGS	experiment	1	s:mula:on	test	design	with	preliminary	detailed	predic:ons.	Task	and	milestone	led	by	Joe	Morris,	LLNL.	
Based	on	available	and	collected	informa:on,	the	EGS	Experiment	1	test,	design	will	be	refined.	This	will	include	preliminary	specifica:on	of	
geophysical	instrumenta:on,	flow	instrumenta:on,	and	s:mula:on	equipment	and	instrumenta:on.	Geophysical	instrumenta:on	will	include	
input	from	input	from	LBL	(seismic,	strain,	and	ERT),	PNNL	(ERT),	LANL	(seismic),	and	ORNL	(geophysical).		Flow	instrumenta:on	will	include	
input	from	LBL	(THMC),	INL	(tracers),	PNNL	(flow	tests	and	ERT),	Stanford	(tracers).		

6/30/17Quarterly	Progress	Measure	(Regular)	

1.1.7.9    PNNL

PNNL	will	deliver	to	LLNL	infrastructure	and	equipment	requirements	for	execu:on	of	Task	5	flow	tes:ng.	PNNL	will	also	deliver	to	LLNL	
monitoring	wellbore	loca:on	requirements	necessary	for	successful	applica:on	of	:me-lapse	electrical	resis:vity	tomographic	imaging.	Borehole	
loca:on	requirements	will	be	based	on	the	loca:ons	of	the	s:mula:on	and	produc:on	well,	and	the	an:cipated	s:mula:on	intervals.	These	
recommenda:ons	will	be	accompanied	by	realis:c	model	simula:ons	that	enable	costs	and	benefits	to	be	assessed	with	respect	to	the	electrical	
geophysical	imaging	component.	This	effort	will	also	support	milestone	1.4.	PNNL	will	also	provide	input	to	guide	the	geomechanical	
characteriza:on	efforts	as	a	site	is	selected	in	support	of	Task	2:	where	to	collect	samples,	what	tests	should	be	performed,	and	what	logs	should	
be	run,	to	drive	the	geomechanical	modeling	work	of	Task	4	and	5.	This	is	in	support	of	Project	Milestone	1.3.	

7/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.2    LBNL

By	8/31/17,	perform	seismic	modeling	(along	with	LANL)	to	guide	geophysical	sensor	loca:on	and	borehole	orienta:on.	The	number	of	
boreholes,	their	orienta:on,	and	the	sensor	spacing	will	be	op:mized	based	on	these	simula:ons	and	available	budget	with	the	decision	made	
by	the	PI/coPI	in	consulta:on	with	Task	and	Working	Group	Leads.	LBNL	will	perform	mechanical	modeling	to	aid	in	s:mula:on	design,	
evalua:ng	fracturing	in	homogeneously	stressed	rock,	and	in	rock	with	stresses	affected	by	the	drig.	Three	orienta:ons	will	be	evaluated.	LBNL	
will	provide	results	and	interpreta:ons	to	LLNL.	THMC	modeling	will	be	performed	to	provide	ini:al	predic:ons	of	fracture	behavior,	and	provide	
results	and	interpreta:ons	to	LLNL.	The	homogeneous	case	will	be	modeled	under	three	stresses/pressure	combina:ons	and	two	
heterogeneous	cases	will	be	evaluated.	This	is	in	support	of	Project	Milestone	1.3.	

8/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.4				NREL	
By	8/31/2017,	provide	input	to	LLNL	regarding	THMC	modeling	to	predict	and	characterize	the	response	of	rock	volume	observed	in	Experiment	
1	field	tests	from	a	heat	transfer,	fluid	flow,	and	output	perspec:ve	at	the	selected	site	based	on	the	proposed	wellbore	and	fracture	
configura:ons	suppor:ng	Project	Milestone	1.3.	

8/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.5    LANL By	08/31/2017,	contribute	to	seismic	modeling,	THMC	modeling	and	s:mula:on	design,	and	provide	LBNL	and	LLNL	with	two	seismic	modeling	
results	for	iden:fying	uncertain:es	in	designs	of	ac:ve	seismic	and	passive	seismic	monitoring.	This	supports	Project	Milestone	1.3.	 8/31/17Annual	Milestone	(Regular)	

1.1.7.5    LANL By	08/31/2017,	with	LBNL,	early	delivery	of	seismic	modeling	to	locate	seismic	sensors.	 8/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.5    LANL
By	08/31/2017,	deliver	THMC	modeling	results	of	reduced-order	models	and	set	up	con:nuum	model	of	the	test	and	perform	sensi:vity	analysis	
to	help	with	predic:on	of	fracture	size	-	injected	water	mass	rela:onship	by	varying	fracture	geometry	and	spa:al	distribu:ons	of	fracture	
apertures.	

8/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.9    PNNL

PNNL	will	deliver	to	LBNL	a	descrip:on	of	an:cipated	ERT	imaging	results	and	recommenda:ons	for	op:mal	monitoring	borehole	placement	
with	respect	to	ERT	imaging.	Assessments	will	be	based	on	realis:c	simula:ons	of	an:cipated	condi:ons	based	on	data	acquired	during	the	
KiSMET	campaign.	A	range	of	possible	borehole/electrode	configura:ons	will	be	assessed	in	to	enable	op:miza:on	among	monitoring	
objec:ves.		Modeling	assessment	will	include	an:cipated	quality	and	resolu:on	of	baseline	structural	imaging	and	:me-lapse	imaging	of	fluid	
flow	during	each	Task	5	flow	test.	ERT	imaging	quality	assessment	will	be	based	on	the	capability	to	recover	fluid	flow	paths	and	temperature	
distribu:on	for	model	valida:on.	To	the	extent	possible,	assessment	simula:on	will	leverage	THMC	model	results	made	available	by	the	
modeling	team.	This	is	in	support	of	Project	Milestone	1.3.	

8/31/17Annual	Milestone	(Regular)	

1.1.7.3				INL	 FY17Q4	•Task	2	-	SMART	–	By	8/1/17	Demonstrate	working	geologic	framework	model	with	regional	data	provided	by	SURF	–	Support	Milestone	
1.3	 9/30/17Annual	Milestone	(Regular)	

1.1.7.3				INL	

FY17Q4	•Task	3	–	By	8/31/17	Submit	tracer	flow	test	design	and	equipment	–	Support	Project	Milestone	1.3•Task	5	–	by	9/31/17	Purchase	
fluorescent	and	ionic	tracers	to	characterize	the	flow	in	the	created	fracture	–	Support	Milestone	1.6•Task	6	–	by	9/31/17	Submit	drag	
Feasibility	Evalua:on	of	Poten:al	S:mula:on	Methods	(EGS	Experiment	3)	report	to	SIGMA-V	execu:ve	commiWee	for	comments	–	Supports	
Project	Milestone	1.4	

9/30/17Quarterly	Progress	Measure	(Regular)	

1.1.7.6    ORNL Ini:al	dataset	prepara:on/Gather	and	preprocess	data	sets	available	prior	to	field	experiments.	 9/30/17Quarterly	Progress	Measure	(Regular)	

1.1.7.6    ORNL Reconstruc:on	system	model/Complete	development	of	ini:al	system	model	for	reconstruc:on	of	expected	field	data.	 9/30/17Annual	Milestone	(Stretch)	

1.1.7.7    SNL
1.3	Provide	LLNL	with	a	recommenda:on	for	the	s:mula:on	equipment	and	instrumenta:on,	which	will	be	heavily	leveraged	for	the	flow	
experiment.	This	will	require	interfacing	with	LBNL	to	integrate	the	SIMFIP	tool	into	the	produc:on	and	injec:on	well	packer	systems.	Provide	
input	to	LLNL	for	the	fracture	monitoring	design	and	requisite	geophysical	characteriza:on.	

9/30/17Quarterly	Progress	Measure	(Regular)	

1.1.7.8    LLNL
1.3	LLNL,	EGS	Experiment	1,	Refine	S:mula:on	Test	Design.	Task	and	milestone	led	by	Joe	Morris,	LLNL.	Based	on	available	and	collected	
informa:on,	the	tests	design	will	be	further	refined.	This	will	include	specifica:on	of	geophysical	instrumenta:on,	flow	instrumenta:on,	and	
s:mula:on	equipment	and	instrumenta:on.	The	results	will	be	compiled	in	an	Experimental	Planning	Statement	for	Experiment	1	s:mula:on	
and	flow	tes:ng.	This	milestone	signifies	par:al	comple:on	of	Task	2	and	significant	comple:on	of	Task	3.	

9/30/17Quarterly	Progress	Measure	(Regular)	

1.1.7.9    PNNL
1.5	Lab-specific	SMART	Milestones:	PNNL	will	deliver	a	detailed	execu:on	plan	for	Task	5	flow	test.	The	plan	will	include	details	necessary	to	
execute	and	document	test	performance	to	enable	full	modeling	simula:on	and	analysis,	including:		-	a	descrip:on	of	the	flow	system	and	
procedural	instruc:ons	for	test	execu:on	(including	safety	requirements),	-	procedures	for	documen:ng	data	streams	and	corresponding	
uncertainty,	and	procedures	for	data	management.	

9/30/17Annual	Milestone	(Regular)	

1.1.7.4				NREL	 By	11/30/2017,	provide	fracturing	method	input	to	INL	to	extent	of	experience	suppor:ng	Project	Milestone	1.4.	 11/30/17Quarterly	Progress	Measure	(Regular)	

1.1.7.5    LANL By	11/30/2017,	contribute	review	of	new,	novel,	and	conven:onal	s:mula:on	methodologies	with	rela:ve	benefits	and	detriments	for	SURF.	 11/30/17Quarterly	Progress	Measure	(Regular)	

1.1.7.9    PNNL

Modeling	and	Simula:on	Working	Group	milestone:		SMART	Milestone	SIGMA-V	numerical	simula:ons	annual	report	/	An	annual	report	will	be	
wriWen	as	a	PNNL	technical	report	and	presented	as	a	paper	at	the	Stanford	Geothermal	workshop	that	summarizes	the	state	of	EGS	modeling	
and	simula:on	with	respect	to	advances	or	innova:ve	applica:ons	of	numerical	simula:ons	associated	with	the	SIGMA-V	project.	Throughout	
the	course	of	the	year	numerical	simula:ons	will	be	executed	in	support	of	experimental	designs	and	modeling	will	be	conducted	with	numerical	
simulators	to	understand	experimental	observa:ons.	Moreover	we	an:cipate	that	modifica:ons	will	be	made	to	modeling	approaches,	
cons:tu:ve	theories,	and	numerical	methods	in	response	to	the	needs	of	the	SIGMA-V	project	tasks	and	objec:ves.	This	annual	report	will	
capture	and	summarize	key	applica:ons	and	advances	made	during	the	year,	forming	a	statement	about	EGS	modeling	and	simula:on.	

12/30/17Annual	Milestone	(Regular)	

1.1.7.2    LBNL

By	11/30/17,	LBNL	will	provide	fracturing	method	input	to	INL	to	extent	of	experience.	A	minimum	of	two	fracturing	protocols	will	be	
suggested.	.	This	is	in	support	of	Project	Milestone	1.4.SMART	Milestone	By	12/30/17,	one	new	SIMFIP	tool	designed	specifically	for	the	SIGMAV	
project,	will	be	constructed	and	laboratory	tested.	The	SIMFIP	tool	is	a	borehole	tool	capable	of	monitoring	displacements	in	three	direc:ons	
down	to	less	than	10	microns,	will	measure	temperature	with	an	accuracy	of	0.1C,	and	pressure	to	an	accuracy	of	beWer	than	10	psi	at	1000	psi.	
This	is	in	support	of	Project	Milestone	1.4.	

12/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.3				INL	 FY18Q1•SMART	–	Task	6	-	By	12/30/17	Submit	Feasibility	Evalua:on	of	Poten:al	S:mula:on	Methods	(EGS	Experiment	3)	recommenda:on	
report	to	DOE	–	This	is	in	support	of	Project	Milestone	1.4	 12/31/17Annual	Milestone	(Regular)	

1.1.7.7    SNL 1.4	Provide	fracturing	method	input	to	INL	to	extent	of	experience.	 12/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.8    LLNL 1.4	LLNL.	Provide	input	to	INL	on	EGS	Experiment	3.	Task	and	milestones	led	by	Megan	Smith	and	Susan	Carroll,	LLNL.	Perform	laboratory-scale	
flow-through	experiments	which	include	the	effect	of	different	thermal	regime	and	provide	input	for	flow	experiment	protocol.	 12/31/17Quarterly	Progress	Measure	(Regular)	

1.1.7.2    LBNL
By	3/31/18,	Based	on	the	Revised	S:mula:on	Test	Plans,	site	characteriza:on,	the	Project	Workplan	including	Task	workplans,	and	input	from	
Execu:ve	CommiWee	and	team	members,	oversee	and	manage	site	prepara:on	of	the	Experiment	1	Testbed	including	hiring	and	managing	
contractors	to	update	required	u:li:es,	drillers,	and	other	contractors	as	needed	to	allow	s:mula:on	tests	and	measurement	of	fracturing	and	
flow	processes	in	the	s:mulated	zone.	The	testbed	will	have	at	least	2	useable	boreholes.	This	is	in	support	of	Project	Milestone	1.5.	

3/31/18Annual	Milestone	(Regular)	

1.1.7.3				INL	
FY18Q2•Task	4	-	By	3/31/18	Complete	post-test	s:mula:on	modeling	based	on	available	data	•By	3/31/18	Complete	pre-test	Flow	modeling.	–	
Support	Milestone	1.5•By	3/31/18	Update	working	geologic	framework	model	with	available	drilling/core	data	from	Experiment	1	site		–	
Support	Milestone	1.5	

3/31/18Quarterly	Progress	Measure	(Regular)	

1.1.7.4				NREL	
SMART	MILESTONE:		By	3/31/2018,	develop	and	launch	a	SIGMA-V	data	management	planorm	and	collabora:ve	research	environment	in	
conjunc:on	with	the	project	website	that	is	capable	of	securely	storing	project	data	and	publishing	it	to	the	DOE	GDR.		Also,	demonstrate	the	
sites	opera:on	and	readiness	to	accept	data	in	a	training	webinar	for	users.	These	data	management	milestones	support	Project	Milestone	1.5.	

3/31/18Annual	Milestone	(Regular)	

1.1.7.5    LANL
By	03/31/2018:	With	LBNL,	deliver	results	on	valida:on	of	con:nuum	model	results	using	fracture	network	(DFN)	modeling.		DFN	model	will	use	
an	observed	on	a	site	fracture	networks	data	to	validate	predicted	earlier	rela:onship	of	fracture	geometry,	such	as	size,	aperture,	orienta:on,	
and	injected	water	mass;	and	perform	simula:ons	of	tracer	injec:ons.	

3/31/18Quarterly	Progress	Measure	(Regular)	

1.1.7.5    LANL By	3/31/18,	contribute	oversight	to	drilling	opera:ons.	 3/31/18Quarterly	Progress	Measure	(Regular)	

1.1.7.7    SNL
1.5	Perform	acquisi:on	for	seismic	characteriza:on	of	the	rock	volume	between	the	monitoring	boreholes	as	per	the	requirements	determined	
in	Task	2.	This	work	will	be	performed	in	conjunc:on	with	LBNL	and	PNNL	and	therefore	will	require	the	development	of	a	complimentary	
geophysical	characteriza:on	field	plan.	Combined	these	imaging	and/or	logging	efforts	will	provide	detailed	geophysical	informa:on	required	for	
MEQ	hypocenter	determina:on,modeling	inputs,	etc.	

3/31/18Annual	Milestone	(Regular)	

1.1.7.7    SNL
1.6	SMART:	SNL	will	organize	and	execute	a	mul:lab	shakedown	test	of	the	s:mula:on	and	shared	flow	test	equipment	before	it	is	mobilized	to	
SURF.	Sandia	will	specifically	test	the	packer	assemblies	with	two	intervals:	one	representa:ve	of	the	interval	required	for	stress	measurements	
and	the	other	representa:ve	of	the	interval	required	for	s:mula:on.	These	intervals	will	be	defined	by	the	modeling	community	in	conjunc:on	
with	engineering	considera:ons.	The	shakedown	test	will	also	incorporate	the	SIMFIP	tool	and	test	its	integra:on	into	the	s:mula:on	system.	

3/31/18Annual	Milestone	(Regular)	

1.1.7.8    LLNL
1.5	LLNL.	Provide	final	refined	predic:on	of	EGS	Experiment	1.	Task	and	milestone	led	by	Joe	Morris,	LLNL	Based	on	the	ini:al	design,	refine	
predic:ons	using	addi:onal	informa:on	on	testbed	characteriza:on	(such	as	stress,	rock	proper:es	from	core,	and	pre-exis:ng	structure	as	
defined	in	the	INL	geologic	framework	model)	and	from	the	refined	testbed	construc:on	plan.	Predic:on	will	include	expected	data	simula:ons	
using	planned	sensor	loca:ons.	The	predic:on	will	be	included	in	a	report	provided	to	project	leads	for	a	go/no-go	decision.	

3/31/18Annual	milestone	(Regular)	

1.1.7.2    LBNL
1.6	LBNL,	Select	and	approve	one	appropriate	site	that	will	support:	drilling	of	at	least	2	subhorizontal	boreholes,	four	monitoring	boreholes,	
and	adequate	work	space.	(Inability	to	find,	select,	and	access	suitable	site	will	consFtute	a	no-go.)	[Although	this	go/no-go	rolls	back	some	
on	milestone	1.4,	the	inability	to	meet	these	goals	signify	the	need	to	modify	direcFon.	

4/30/18Go/No-Go	Decision	Point	

46
 L

ab
 M

ile
st

on
es

 



14 | US DOE Geothermal Office eere.energy.gov 

Research Collaboration and  
Technology Transfer 

CSM (Wu, Winterfield) 
Simple numerical simulation models to predict 
thermal breakthrough and conservative tracer 
concentrations at various injection rates.  
•  Fracture apertures equal to 100 microns with 

variable injection rates - 0.4, 1.5, and 6.0 L/
min. 

•  Conservative tracer simulations used various 
fracture apertures – 10, 55, and 100 microns - 
with lower injection rates - 0.10, 0.22, and 0.40 
L/min.  

Stanford (Horne) 
Investigate the microbial structure in a 
reservoir, to determine the possible impact on a 
DNA tracer test and how it could possibly guide 
fracture characterization. Specifically, we are 
looking into the use of indigenous microbial 
16S profile as unique barcodes for each well or 
fracture, and how it could possibly be 
correlated to interwell connectivity and fracture 
effectiveness. 
Conduct synthetic DNA tracer test to 
characterize the flow properties of synthetic 
DNA and evaluate its potential use as unique 
artificial tracers. 

 SDSMT (Roggenthen) 
Field-oriented activities to provide a 
backdrop for interpretation of data 
acquired during the drilling and 
subsequent fracturing/stimulation 
experiments. 1. Measurement of bulk 
acoustic velocity properties,2.  
kISMET core properties in support of 
the EGS Collab Project, 3. weep 
locations and orientations, 4. weeps 
using IR photography, 5. temperature 
measurements in the kISMET 
boreholes. 
On-site participation in arrangements 
for drilling, preparation for core 
logging activities, core preservation, 
and sampling activities 
Fracture mapping in the 4850 level 

Stanford (Zoback) 
• Kismet hydraulic fracturing 
tests indicate a normal faulting 
regime (Shmin < SHmax < SV
• SHmax orientation ~E-W, 
consistent with regional 
earthquake focal plane 
mechanisms.
• Wellbore breakouts indicate SV 
tilts to the north about 12o

• Preliminary modeling indicates 
that SHmax ~ 0.8 SV.

PSU (Elsworth, Marone) 
Friction-stability-permeability experiments 
throughout the seismic cycle. 
Preliminary results - key influence of 
healing and sealing during interseismic 
repose in conditioning reactivated 
permeability: 
–  Interseismic permeability decreases 

proportional to power-law in time. 
– Reactivated permeability evolution is 

dependent on repose time. 
•  Short repose – compaction and 

permeability reduction upon 
reactivation. 

•  Long repose – dilation and permeability 
increase upon reactivation. 

Reactivated permeability increase scales 
with repose time. 

U Oklahoma (Ghessemi) 
Future stimulation modeling and analysis - 
initiation of transverse fractures from a wellbore  
Breakdown pressure calculations considering 
different pressure boundary conditions at the 
wellbore wall, and rock anisotropy to study 
conditions for transverse fracture initiation 
Simulation of kISMET-003 hydraulic fracturing 
using “GeoFrac3D”. Also, simulated near-wellbore 
tortuosity that might result from inclined 
transverse fractures 
Will carry out experiments to measure important 
rock mechanical properties 

 
UWisconsin (Wang) 
Acquired kISMET core for anisotropic 
strength and modulus testing to 
constrain stress magnitudes inferred 
from borehole breakout analysis and 
hydraulic fracturing. 
Acquired parts to construct tilt stage 
and cutoff jigs for preparing sample 
cores from kISMET and the EGS 
Collab Project at precise angles 
relative to foliation. 
Considering creep test measurements 
on EGS Collab Project cores. 
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Research Collaboration and  
Technology Transfer 

•  Building collaborations with: 
•  Florian Amann – Similar tests at GTS 
•  Schlumberger – Infrequent callers (large time difference), interested 

in inverting seismic data 
•  Luna – Fracture Strain Measurements at SURF (Rapid Distributed 

Sensing of Subsurface In-situ Stress - high-resolution distributed 
strain measurements to enable direct measurement of rock fracture 
formation and propagation. Real-time information improving 
understanding of geological processes, and needed feedback for 
adaptive control of subsurface processes.  

•  AIST – Early discussions 
•  Sinopec – Gao Cheng 



16 | US DOE Geothermal Office eere.energy.gov 

Future Directions 

Continue along planned research path. 
•  Finish Experiment 1 testbed and perform multiple stimulations and flow tests with 

associated measurements and pre- and post-test models 
•  Select site for Experiment 2, perform preliminary simulations, characterization, 

and begin testbed preparation. 
•  Perform stimulations for Experiment 2 and flow tests with associated 

measurements and pre- and post-test models 
•  Define Experiment 3 and plan for execution 
•  Make data available 
•  Publish results 

 Milestone or Go/No-Go Status & Expected 
Completion Date 

1.6	LBNL,	Select	and	approve	one	appropriate	site	that	will	support:	drilling	of	at	least	
2	subhorizontal	boreholes,	four	monitoring	boreholes,	and	adequate	work	space.	
(Inability	to	find,	select,	and	access	suitable	site	will	consFtute	a	no-go.)	[Although	
this	go/no-go	rolls	back	some	on	milestone	1.4,	the	inability	to	meet	these	goals	
signify	the	need	to	modify	direcFon.	 

Substantially Completed 
3/31/18 
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•  The EGS Collab project brings modelers and 
experimentalists together to perform tests and gather 
data to validate predictive tools that will be useful in 
FORGE and EGS.  

•  Three large experiments are planned over the three-year 
project duration to investigate hydraulic fracturing, shear 
stimulation, and a yet-to-be-determined stimulation 
strategy.  

•  The project has many participants and they are focused 
on succeeding in the simulations, field and lab 
experiments, and model validation.  

•  There are multiple lines of communication through the 
project and participants are responsive.  

Summary Slide 


