
There	have	already	been	several	talks	about	the	PoroTomo	survey	at	Brady	Hot	
Springs.	This	is	one	more.	
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This	slide	(from	Kurt	Feigl’s	overview)	shows	the	layout	of	the	survey.		
Eastbound	I-80	runs	northeast	at	Brady	and	is	approximately	aligned	with	the	vertical	
axis	in	this	coordinate	system	
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Here’s	a	view	of	the	four	interrogators	inside	the	shed.	
Each	unit	is	labeled	by	function	(DTS	or	DAS)	and	by	the	installation	(vertical		or	
horizontal	
The	DASH	unit	sits	on	a	rack	of	RAID	drives.	More	than	44	Terabytes	of	data	were	
recorded		continuously	during	the	14	day	survey	-		
About	100	GB/hour		
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I	won’t	make	you	listen	to	this.	The	math	is	in	the	paper	&	references.		
	
DTS		is	precise	in	distance	and	represents		1	minute	averages	in	time.		
DAS	is	precise	in	time	and	represents		10	meter	averages	in	distance	
	
DAS	can	be	averaged	in	time	to	evaluate	narrowband	fiber	strainrate	as	microstrain	
per	minute	with	a	samplerate	matched	to	the	DTS.	
I’ll	call	that	NDAS	in	my	slides	
	
In	the	remainder	of	the	talk		I	will	show	you	results	of	the	various	data	sets	
I’ll		start	with	DTS	and	NDAS	in	the	trenched	cable.	
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The	Left	panel	is	a	plan	view	of	the	survey	area.	
Underlain	is	a	Google	Earth	image	with	PoroTomo’s	prejob	annotations	for	
fumaroles,	warm	ground	and	silicate	gravel.	
Overlain	along	the	trajectory	of	the	trench		are	timeslices	with		DTSH	in	a	wide	track	
and	NDASH	in	a	narrower	track.	
	
The	Lower	Right	panel	shows	all	the	DTSH	for	the	entire	survey;	
Time	indexed	by	UTC	date	runs	horizontally;	
Distance	indexed	by	segment	number	runs	vertically.	
The	red	circles	on	the	left	indicate	the	segment	starts	labeled	on	the	right;		
Segments	1	through	29	are	the	outbound	from	the	recording		shed;	30	through	49	
are	inbound	and	50	through	71	are	outbound.	
	
The	upper	right	panel	shows	the	reference	pressure	measurements	in	the	two	
monitor	wells.	
	
The	red	vertical	lines	on	the	right	mark	the	time	of	the	slice	on	the	left;		
Note	that	noon	UTC	was	local	6	am	so	this	slice	is	at	local	6	am;	just	before	sunrise.	
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This	slide	splits	the	full	DTS	panel	to	separate	panels	for	each	section.	
	
The	2nd	section,	shown	at	bottom	left,	has	been	flipped	so	that	all	three	displays	run	
outbound	from	bottom	to	top.	
Note	that	the	1st	section	is	warmest.	The	3rd	section	is	coolest.	
	
Note	that	all	areas	warm	up	in	response	to	increased	pumping	during	stage	3;	
Diurnal	cycles	are	also	evident;		Exposed	sections	directly	responding	to	air	temp;		
Elsewhere,	in	general	there	is	a	latency	of	about	12	hours	so	the	highest	daily	
temperatures	occur	at	night.	
I’ve	circled	one	spot	adjacent	to		segment	47	where	this	is	particularly	clear	
I	suppose	we	could	fit	a	model	of	thermal	properties	of	the	ground	covering	the	cable	
to	match	the	response	
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Here’s	the	outer	end	near	the	injectors	10	to	20	degree	color	scale	that	shows	a	bit	
more	detail	in	warm	zones.	
	
The	blue	arrows	identify	the	exposed	segment	42	and	a	splicebox	in	segment	29.	The	
brown	arrows	identify	some	hotspots.	
Note	that	some	of	the	hotspots	are	quite	localized	in	space.	
	
In	the	following	slides	I	will	show	you	broadband	DASH	responding	to	a	regional	mag	
4.3	earthquake	that	occurred	near	Hawthorne	NV	(about	100	km	south	of	Brady.	
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By	way	of	introduction,	here's	an	overlay	of	waveforms	representing	horizontal	
ground	motion	at	two	adjacent	locations	in	segment	3.	Details	are	in	the	paper.	
	
The	blue	waveform	was	extracted	from	the	DASH	after	converting	from	fiber	strain	to	
fiber	particle	velocity.	
The	red	waveform	was	extracted	from	the	two	horizontal	components	of	one	of	
nodal	geophone	sensors	by	reorienting		to	match	the	cable	direction	rand	
compensating	for	the	instrument	response.		
The	inset	photo	shows	a	3C	nodal	unit	being	placed.	
	
It	is	important	to	note	that	no	match-filtering	or	adaptive	scaling	was	applied.	The	
manufacturers’	values	for	the	geophone	and	DAS	sensitivity	were	used	without	
adjustment.	
Both	waveforms	were	bandpassed	to	the	.1	to	5	Hz	temporal	band.	

8	



Here’s	another	using	Node	48	in	segment	70.	
Now	let’s	look	at	lots	of	channels	together.	
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Here	is	the	broadband	DASH	strain	response	for		
the	3rd	section	of	the	DASH	channels	(that	is	segments	50	through	71)	
	
windowed	in	time	10	seconds	containing	the	Primary	earthquake	arrival	and	
displayed	with	a	high	gain	sufficient	to	show	background	environmental	signal.		
	
Here	and	in	the	following	the	planview	panel	on	the	left	shows	min	and	max	
temperature	at	each	DTSH	location.	
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There	is	a	small	sensitivity	to	vibration	of	the	interrogator.	
The	result	is	a	common	signal	that	is	aligned	on	all	channels	and	is	easy	to	estimate	&	
remove.	
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It	gone	
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Here’s	a	similar	view	of	the	middle	section	in	outbound	order.	
	
The	inset	photo	shows	the	cable	passing	through	a	culvert	under	the	service	road.	
That’s	segment	47.	
	
Note	the	clear	change	in	signal	and	noise	that	occurs	at	the	exposed	section	42.	
	
	
The	next	two	slides	show	the	DAS	strain	and	particle	velocity	responses	for	the	30	
second	interval	that	contains	the	main	EQ	arrivals	
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30	seconds	
	
Here	the	gain	is	set	to	show	the	main	compressional	signal	so	the	shear	arrival	is	
saturated	in	the	display	and	the	environmental	noise	is	invisible	except	at	exposed	
channels.	
	
These	are	the	same	middle	segments	shown	in	my	previous	slide.	
The	section	with	segments	43	to	50	is	evidently	rich	in	locally	converted	shear	signal	
(e.g.	at	43.5	sec)		
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Here	are	the	same	traces	after	conversion	to	fiber	particle	velocity	
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Here	is	the	velocity	response	from	1st	section	
	
Note	the	evident	change	at	the	locations	of	the	hot	spots.	
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Final	outbound	section	
The	anomaly	in	segment	58	matches	a	cold	spot	that	may	be	due	to	a	change	in	
material	at	an	outwash	strip	
	
The	next	two	slides	show	DASH	velocity	and	strain	responses	for	all	segments		
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Fiber	particle	velocity	
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Fiber	strain	
	
The	next	two	slides	show	DASH	strain	response	to	small	local	events	that	are	thought	
to	be	triggered	by	the	shutdown	of	production	during	stage	2.	
Details	are	in	the	paper.	
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The	seismic	network	operated	at	Brady	by	Lawrence	Berkeley	Laboratory	detected	
fiver	small	local	earthquakes	during	the	period	of	the	PoroTomo	survey.	The	list	is	
shown	at	bottom	of	slide.	
	
All	were	detectible	on	the	DASH	array		
The	upper	panel	shows	a	5-minute	interval	containing	the	two	that	are	highlighted	
with	arrows	plus	two	more	not	in	the	catalog.	
	
There	are	more	details	in	the	paper.	
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Here’s	a	very	intriguing	event	from	March	15	that	was	not	in	the	LBL	catalog	
Here	in	trace	normalization	
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Here	un-normalized	fiber	strain	
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My	next	slides	are	about	the	Vertical	Installation,	the	DTSV	and	the	DASV	
Mike	Cardiff		and	Whitney	Trainor-Guitton	discussed	some	of	this	earlier	so	I’ll	try	to	
focus	on	points	where	combined	interpretation	of	DTSV	&	DASV	give	essential		
insight	about	coupling	and	the	borehole	l	environment	
	
Records	show	that	the	well	has	problems	with	lost	circulation	at	about	300	m	when	it	
was	drilled	in	1991.		
	
The	well	schematic	shows	the	three	principal	tubulars	that	were	installed	at	that	
time.	The	depths	indicated	on	the	left	all	show	up	as	significant	boundaries	in	our	
surveys	but	there	is	another	important	feature	at	160	m	that	does	not	directly	match	
a	recorded	installation	depth	
	
Records	show	a	fully	cemented	annulus	but	DTSV+DASV	suggest	to	me	that	the	
feature	at	160	m	is	a	symptom	of	missing	cement.	
	
First	let’s	look	at	the	broadband	DASV	
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Here’s	some	typical	raw	DASV	data		
	
Note	that	its	vertical	axis	is	denominated	in	channels.		
There	is	a	U-splice	at	channel	372		which	is	at	369	m	
	
The	section	between	channels	21	and	160	always	rings.	
	
Always	with	propagation	speed	4600	m/sec.		
That’s	a	typical	speed	for	extensional	propagation	in	steel.	
This	type	of	undamped	ringing	is	typical	for	free	casing	but	I’ve	worried	that	it	could	
be	carried	in	free	cable.	
		
This	event	is	diagnostic:	It	strongly	suggests	the	that	point	is	not	a	discontinuity	in	
coupling	of	fiber	to	casing.	
Ask	me	about	it	if	you	care	to	discuss.	
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Here’s	a	3-second	record		of	the	Primary	arrival	from	the	Hawthorne	earthquake	
	
The	data	is	raw	strainrate	in	radians	per	millisecond.	Gain	is10x		higher	than	in	
previous	
	
The	earthquake	arrival	is	clear	from	channel	300	at	the	top	of	the	slotted	line	to	
channel	160	at	153	m	
Below	300	is	quiet		
Above	160	is	a	lot	of	reverberation		
The	eq	arrival	is	at	about	2	km/sec	
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Here’s	the	30-secon	view.	I	think	this	has	been	time-integrated	to	show	fiber	strain	
	
The	next	slides	show	examples	of	processed	active	source	data	restricted	to	the	
good-data	zone	
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I’ll	show	you	data	from	5	shotpoints	at	similar	offset	of	about	260	m	from	the	well		
Whitney	showed	some	of	these	slides	in	her	talk.	
	
Note	that	the	planview	at	to	has	been	rotated	90	degrees	clockwise	from	previous	
displays	
The	welli	location	is	the	blue	circle	at	the	origin	and	the	shotpoint	is	circled	in	red	
	
The	circle	calls	your	attention	to	downgoing		Compressional	and	Shear.	The	upgoing	
arrival	here	is	a	P	to	S	reflection	
	
I’ll	go	clockwise	from	SP	125	
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SP	76	
Faster	weaker	P	
Dramatic	change	in	S	
The	Vibe	is	close	to	segment	47	in	the	culvert	
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There	is	a	rather	dramatic	change	in	shear	from	SP	198	to	adjacent	SP	199	
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There	is	a	rather	dramatic	change	in	shear	from	SP	198	to	adjacent	SP	199	
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SP145	
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Here	are	two	with	annotations	from	a	model	derived	from	the	DASV.	Details	are	in	
the	paper.	
The	simple	model	was	plotted	by	Kurt	and	Whitney.	It	is	strictly	constrained	by	data	
within	the	interval	150	to	300m	but	unconstrained	above	and	below	that	interval.	
	
The	next	slides	compare	DASV		observations	with	DTSV.	
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At	upper	left	is	a	figure	taken	from	Patterson	(2017)	that	was	shown	in	Mike	Cardiff’s	
talk.		
It	shows	a	P-T	log	run	before	the	optical	cable	was	placed	in	the	well.	It	shows	a	
discontinuity	near	160m		
	
This	colored		temperature	profiles	at	bottom	are	the	first	and	last	DTSV	recordings,		
The	center	panel	shows	the	vertical	temperature	gradient	in	°C/m	for	the	entire	eight	
day	recording	period.		
	
It	clearly	shows		that	the	bottom	of	our	reverberant	zone	matches	a	discontinuity	in	
the	DSLV	profile	that	shifts	with	shifting	reservoir	pressure.	
	
I	think	it	might	be	a	fluid	level	in	the	annulus	
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DTSV	data	are	rich	in	observable	phenomena	and	a	discussion	is	included	in	my	paper	
as	well	as	in	Mike	Cardiff’s.	
	
The	panel	at	top	shows	the	first	day	of	DTSV	recording	&	is	dominated	by	features	
related	to	recovery	from	the	cold	bath	that	accompanied	installation	of	the	vertical	
cable.	
	
At	the	level	of	the	slotted	liner	you	see	the	first	six	examples	of	a	process	that	
continues	regularly	throughout	the	survey.	A	temperature	strip	with	10	repeat	events	
in	5	hours	is	shown	at	bottom.	The	temperature	scale	is	from	109	C	to	109.5	C.	
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The	Narrowband	DASV	shows	a	remarkable	match	to	the	thermal	change	measured	
by	the	DTSV.	This	slide		shows	a	side-by-side	comparison	of	a	9.5	hour	interval	on	
March	18.	The	lower	panel	shows	an	overlay	comparison	using	the	channels	at	367	
m.	The	same	quality	of	match	is	seen	throughout	the	8-day	borehole-recording	
period.	
	
The	DTS	has	sharper	depth	resolution	and	the	match	improves	if	the	DTS	data	are	
smoothed	by	a	20	m	running	average	in	depth	to	mimic	the	effect	of	the	inherent	
DAS	gauge-length	smoothing.	
	
The	paper	discusses	an	interesting	point	regarding	the	thermal	coupling	coefficient	
making	the	match.	
	
The	NDAS	shows	some	extra	events.	They	are	slips:	thermally	driven	but	sudden	loss	
of	frictional	contact	between	cable	and	casing	
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Here	is	a	typical	slip	event	VDASV		(left)	and	raw	broadband		DASV	strain	rate	(right).	
Bottom	right	zooms	in	time	showing	that	the	event	is	a	result	of	the	loss	of	frictional	
copuling	between	casing	and	cable.	It	looks	like	a	little	earthquake	rupture	
	
The	slip	is	independent	of	the	sequence	of	deep	events	seen	in	the	deep	zone.		
The	deep	cycles	are	sometimes	but	not	always	accompanied	by	reverberant	vibration	
at	about	6	Hz	as	indicated	by	purple	lines.	Sped	up	by	a	factor	of	60	to	turn	minutes	
to	seconds	it	sounds	interesting.	
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That’s	all	that	time	permits.	Please	chat	with	me	if	you	have	questions	or	answers.	
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