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Mantle
Very	Low	U	and	Th

(lowest	39Ar)

Terrestrial	Ar Isotope	Production
• Crust

• No cosmic rays
• 39Ar produced underground

Atmospheric	isotopic	abundance
J.-Y.	Lee,	et	al.,	Geochim.	Cosmochim.	Acta 70	(2006)	4507-4512

36Ar	– 0.334%
38Ar	– 0.063%
40Ar	– 99.604%

Solar	system	isotopic	abundance
K.	Lodders,	Astrophys.	J.	591	(2003)	1220-1247

36Ar	– 84.59%
38Ar	– 15.38%
40Ar	– 246	ppm

39Ar	production	reactions
40Ar(n,2n)à39Ar 40Ar(p,pn)à39Ar
40Ar(n,np)à39Cl 40Ar(p,2p)à39Cl
40Ar(n,pn)à39Cl 40Ar(𝛾,n)à39Ar
40Ar(n,d)à39Cl 38Ar(n,𝛾)à39Ar

40Ar(μ-,n)à39Cl
(Loosli &	Oeschger,	Earth	Planet.	Sci.	Lett.	5	(1968)	191-198)

(O.	Šrámek,	et	al.,	Geochim.	Cosmochim.	Acta 196	(2017)	370)

Renshaw,	UCLA	DM	18

• 36Ar dominates in Universe

• 40Ar comes from 40K decay

• Atmosphere
• 39Ar produced by cosmic rays
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Tacking	Down	a Source
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In	USA	Helium	reservoir	39Ar	content	
<	5%compared	to	atmospheric	Argon
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Notes on Trip to Bueyeros - May 23-26 2007

and

Proposal for Small Scale Argon Production

in the 2008 Campaign

F. Calaprice, E. de Haas, C. Galbiati,
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February 10, 2008

Introduction


 This short report summarizes the main findings of the trip at the Reli-

ant plant in Bueyeros, in dates May 23 to May 26 2007.


 Initial sampling was performed in May 2007 and allowed to measure the 

concentration of gases at the output of the liquid trap and to provide a 

first assessment of the concentration of 39Ar relative to 40Ar.  The ratio 
39Ar/40Ar is at least a factor ten lower than in the atmosphere.


 The flow rate from the liquid trap was measured in two different condi-

tions.

1. The first time, the rotameter was directly connected to the the valves 

V1 and V2 at the exit of the liquid trap (refer to the sampling proce-

dures).  Pressure in the liquid trap was 260 psi.  The reading of the 

rotameter was in the range 46-48 scfm.  There was no control on the 

pressure drop in valves V1 and V2.

2. The second time, the rotameter was installed downstream of a back-

pressure regulator BP1.  Pressure upstream of BP1 was set and monitored 

at 150 psi by a pressure gauge PG1.  The reading of the rotameter was 

also in the range 46-48 scfm.


 Three different measurements of the composition of the gas were per-

formed.  Table 1 reports the average values of the components.


 A few notes on the measurement.  The sensitivity of the atmospheric gas 

analyzers in any mass channel is, at best, 100 ppb.  The reading for the 

heavier hydrocarbons, CxHy, should be interpreted as “less than 100 ppb”.  The 

H20 contamination reported is not reliable because this reading is heavily af-

fected by water adsorbed on the walls of the inlet capillary.  Oxygen read-

ings are also not to be taken literally, because methane, nitrogen, water, 

carbon dioxide, and monoxide all have fragments with mass 16 which can possi-

bly interfere with the O+ ions from oxygen dissociation.  The default sensi-

tivity of the oxygen reading to the mass 16 channel was active during those 

measurements.


 The argon collected (a fraction of a liter STP) was analyzed by decay 

counting and the 39Ar contamination was demonstrated to be lower than 10% of 
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2007
The	exploration	was	
extended	to	CO2 wells

the equivalent contamination in the atmosphere.  A measurement with increased 

sensitivity will require collection of a much larger amount of gas.


 Results on the flow and on the gas composition indicate that the ex-

haust of the liquid trap vents approximately 1 kg of argon per day.


 Table 1 also reports the composition of the typical stream at the out-

put of the PSA unit.  The trap was run to maximize the reduction of the larg-

est component of the feed stream, i.e. CO2.  The ratio between the feed pres-

sure (43 psia) and the purge pressure (20 psia) was of about 0.2.  The 

single-stage separation achieved a 100-fold reduction of the CO2 concentration 

and a 100-fold increase of the Ar concentration.




Gas from Liquid Trap Gas from the PSA

Ar 290 ppm 2.5%

CH4 11.5% 1200 ppm

CO2 79.3% 6500 ppm

CxHy 0 ppb 0 ppb

H2 467 ppm 750 ppm

H2O 2860 ppm 5000 ppm

He 700 ppm 22.3%

N2 8.7% 73.8%

O2 550 ppm 120 ppm

Table 1: Composition of the stream from the liquid trap and of the stream 

from the PSA unit.


 
 The sampling campaign proposed for 2008 has the objective of col-

lecting a large amount of argon gas (~100 kg) by using a PSA concentrator.  

The PSA concentrator was designed to collect almost all of the argon gas re-

leased by the liquid trap, i.e. 1 kg per day.


 Based on the results outlined above and other studies, a two-stage Vac-

uum and Pressure Swing Adsorption (VPSA) unit with one rectifying stage 

should be able to reduce all components in the product stream except Ar and 

He below 20%.  We are now procuring components for the two-stage PSA unit and 

propose a second sampling campaign for February 2008.  A Process Flow Diagram 

for the two-stage VPSA unit is shown in Figure 2.  Figure 3, from the report 

issued in May 2007, shows the modifications already implemented to the liquid 

trap during the campaign of May 2007.  Installation of a single back-pressure 

regulator, as suggested by S. Vanderburg, was sufficient to sample gas from 

the liquid trap without interfering with the regular operation of the plant.

Notes on Trip to Bueyeros - May 23-26 2007 and

Proposal for Small Scale Argon Production in the 2008 Campaign

Page 2 of 5

First Large Scale Production

of Argon Depleted in

39
Ar

from Underground Wells

H. Babcock j C. Ballentine e R. Bansal k J. Benziger b A. Burgers a F. Calaprice a M. Cassidy d

A. Chavarria a P. Collon c F. Dalnoki-Veress a E. de Haas a C. Galbiati a M. Gaull a S. Gilfillan g

A. Goretti a,⇤ W. Hayoz j T. Hohman a An. Ianni a B. Loer a,⇤ H.H. Loosli i D. Montanari a

S. Mukhopadhyay f A. Nelson a A. Pocar h R. Purtschert i D. Robertson c R. Saldanha a G. Schlowsky `

C. Schmitt c S. Vanderburg j V. Vanderburg j

aDepartment of Physics, Princeton University, Princeton, NJ 08544, USA
bDepartment of Chemical Engineering, Princeton University, Princeton, NJ 08544, USA

cDepartment of Physics, University of Notre Dame, Notre Dame, IN 46556, USA
dDepartment of Geosciences, University of Houston, Houston, TX 77204, USA

eSchool of Earth, Atmospheric, and Environmental Sciences, University of Manchester, Manchester M13 PL, UK
fDepartment of Earth and Planetary Sciences, Harvard University, Cambridge, MA 02138, USA

gSchool of Geosciences, The University of Edinburgh, Edinburgh EH9 3JW, United Kingdom
hDepartment of Physics, Stanford University, Stanford, CA 94305, USA

iPhysics Institute, University of Bern, 3012 Bern, Switzerland
jReliant Holdings Ltd., Odessa, TX 79764, USA
kAirSep Corporation, Bu↵alo, NY 14228, USA

`Koch Modular Process Systems, Paramus, NJ 07652, USA

Abstract

We report on the first large-scale production of depleted argon from underground gas wells. We processed the exhaust stream of
the CO2 liquifier of the Reliant Dry Ice Plant in Bueyeros, NM, with a special Vacuum Swing Adsorption plant. The CO2 gas fed
directly from the well into the liquifier contains argon at the concentration of 40-70 ppm, and the argon concentration in the exhaust
stream of the liquifier is in the range 200-450 ppm. The Vacuum Swing Adsorption plant produces crude argon, concentrating the
argon to the level of 80,000–100,000 ppm (8–10%) in a single pass. The argon production rate is 0.5–0.6 kg/day. We determined
that the underground argon is depleted in 39Ar by a factor 10 or more relative to atmospheric argon activated by cosmic rays, by
analysis in a low-background proportional counter. More accurate analysis of the 39Ar activity is under way.

Depleted argon is of interest for the construction of large scale WIMP dark matter searches and of detectors of reactor neutrinos
for non-proliferation e↵orts. WIMP dark matter searches of high sensitivity may require depleted argon targets of 10 tons or more.
Underground argon o↵ers an a↵ordable solution for the production of depleted argon targets. Prior to this work, only a few grams
of depleted argon from underground wells were separated and purified from natural gas. To the best of our knowledge, the work
reported in this paper is the first production of depleted argon from underground sources at the kg-scale.

Key words: Dark Matter; Low Background Detectors; Cryogenic Noble Gases.

⇤ Corresponding Authors
Email addresses: agoretti@Princeton.EDU (A. Goretti),

bloer@Princeton.EDU (B. Loer).

1. Introduction

The current evidence supporting the existence of dark
matter is very compelling, but the composition of dark mat-
ter is unknown. One favored model is a gas of Weakly Inter-
acting Massive Particles (WIMPs) formed in the early Uni-
verse. These are particularly intriguing because they fit the

Preprint submitted to Elsevier 8 May 2008

2008	
@	Reliant	plant

Production	rate	~	0.5	kg/day
Reduction	of	39Ar	compared	
to	atmospheric	>	factor	10
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Source	Found
New	exploration	at	Doe	Canyon	in	2008	…



DarkSide UAr Source
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• CO2 well	in	SW	Colorado	with	400	ppm	Ar
(Nucl.	Phys.	B,	197	(2009)	70-73)

(Nucl.	Instr.	Meth.	A	587	(2008)	46-51)



DS-50	UAr Extraction:	Doe	Canyon

He,	Ar,	N2

mixture

Gas	from	
well

Adsorbed	gas	
returned	to	
company

Zeolite	colum
n

Zeolite	colum
n

Gas	flows	
through	one	
column	under	
pressure.	CO2,	
H2O	and	CH4
are	adsorbed	
on	zeolite

Simultaneously	the	
other	column	is	
pumped	on	to	
remove	the	
trapped	gases

Vacuum-Pressure	Swing	Adsorption

Contaminants	trapped	in	
VPSA	zeolite

C3H8 C7H14 C7H16

C5H10O C6H13I C6H12O
C5H12 C6H13I C5H8O2

C6H14 C7H16 C8H16

C5H10 C7H16 C8H16

C5H10O C6H12O C8H18

C5H10O C6H12O C8H18

C6H14 C7H16 C6H10O2

C6H12O C6H6 C8H18

C6H12 C6H6 C9H20

Renshaw,	UCLA	DM	18

Gas	Type Concentration	from	well
Carbon	Dioxide 96%
Nitrogen 2.4%
Methane 0.57%
Helium 0.43%
Other	hydrocarbons 0.21%
Argon 440	ppm

• Approximate product 
composition:

• He – 85-95%
• Ar – 3-6%
• N2 – 1-10%

• Average production rate:
• 140 g/day

6
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DS-50	UAr Purification:	Fermilab

Waste

Condenser	
Booster		
Helium	

Separator
(CB)

In
pu

t

Product

Waste

CB
Charcoal	
Trap
(CBCT)

In
pu

t

Product

Waste

CDF	
Organics	
Cold	
Traps

In
pu

t

Product

Reboiler

In
pu

t

Vent

Vent

pumped	
out

Buffer	Volume
Transportation	
cylinder	racks

Booster

Condenser

Booster

Storage
Product

Oxygen	
GetterIn

pu
t

Product

Cryogenic	
Distillation	
Column	
(CDC)

Colorado	gas
3-6%	Ar,	1-10%	N2,	85-

95%	He

After	He	separation
order-of:	40%	Ar,	60%	N2

Final	Product
~100%	UAr1 kg/day 6	kg/day

Renshaw,	UCLA	DM	18

Contaminants	frozen	in	cryogenic	systems
C3H8 C5H10O C7H14 C6H12O C7H16 C8H18
C5H10O C5H10O C6H13I C6H12O C6H12O C8H18
C5H12 C6H14 C6H13I C7H16 C5H8O2 C6H10O2
C6H14 C6H12O C7H16 C6H6 C8H16 C8H18
C5H10 C6H12 C7H16 C6H6 C8H16 C9H20

Total	DS-50	production:	157	kg



Successful	Target	Production
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zero-field TPC photoelectron yield with UAr at the 83mKr
peak energy is ð8.1" 0.2Þ PE=keV, 2% higher than that
quoted in Ref. [6], due to small changes in the baseline
finding and pulse identification algorithms.
Figure 1 compares the UAr and AAr data of the S1 pulse

integral spectrum. A z cut (residual mass of ∼34 kg) has
been applied to remove γ-ray events from the anode and
cathode windows. Events identified as multiple scatters or
coincident with a prompt signal in the LSV have also been
removed. To compare the ER background from UAr with
that from AAr, a GEANT4 [18,19] MC simulation of the
DarkSide-50 LAr TPC, LSV, and WCV detectors was
developed. The simulation accounts for material properties,
optics, and readout noise and also includes a model for LAr
scintillation and recombination. The MC is tuned to agree
with the high statistics 39Ar data taken with AAr [6]. A
simultaneous MC fit to the S1 spectrum taken with field off
(see Fig. 6 in Appendix A), S1 spectrum with field on, and
the z-position distribution of events, determines the 39Ar
and 85Kr activities in the UAr to be ð0.73" 0.11Þ mBq=kg
and ð2.05" 0.13Þ mBq=kg, respectively. The fitted 39Ar
and 85Kr activities are also shown in Fig. 1. The uncer-
tainties in the fitted activities are dominated by systematic
uncertainties from varying fit conditions. The 39Ar
activity of the UAr corresponds to a reduction by a factor
of ð1.4" 0.2Þ × 103 relative to AAr. This is significantly
beyond the upper limit of 150 established in [12].
An independent estimate of the 85Kr decay rate in UAr is

obtained by identifying β-γ coincidences from the 0.43%
decay branch to metastable 85mRb with mean lifetime
1.46 μs. This method gives a decay rate of 85Kr via
85mRb of ð33.1" 0.9Þ events=d in agreement with the
value ð35.3" 2.2Þ events=d obtained from the known
branching ratio and the spectral fit result. The presence

of 85Kr in UAr is unexpected. We have not attempted to
remove krypton from the UAr, although cryogenic distil-
lation would likely do this very effectively. The 85Kr in UAr
could come from atmospheric leaks or from natural fission
underground, which produces 85Kr in deep underground
water reservoirs at specific activities similar to those of
39Ar [20].
As in Ref. [6], we determine the nuclear recoil energy

scale from the S1 signal using the photoelectron yield of
NRs relative to 83mKr measured in the SCENE experiment
[21,22], and the zero-field photoelectron yield for 83mKr
measured in DarkSide-50. An in situ calibration with an
AmBe source was also performed, allowing a check of the
f90 medians obtained for NRs in DarkSide-50 with those
scaled from SCENE, as shown in Fig. 2. Contamination
from inelastic or coincident electromagnetic scattering
cannot easily be removed from AmBe calibrations, so
we still derive our NR acceptance from SCENE data where
available.
High-performance neutron vetoes are necessary to

exclude NR events due to radiogenic or cosmic-ray-
produced neutrons from the WIMP search. In the AAr
exposure [6], the vetoing efficiency of the LSV was limited
to 98.5" 0.5% by dead-time considerations given the
∼150 kBq of 14C in the scintillator, resulting from the
unintended use of trimethylborate (TMB). For the UAr
data set, the LSV contains a scintillator mixture of low-
radioactivity TMB from a different supplier at 5% con-
centration by mass. As a result, the 14C activity in the LSV
scintillator is now only ∼0.3 kBq.
Neutron capture on 10B in the scintillator occurs with a

22 μs lifetime through two channels [13,23]:

FIG. 1. Live-time normalized S1 pulse integral spectra from
single-scatter events in AAr (black) and UAr (blue) taken with
200 V=cm drift field. Also shown are the 85Kr (green) and 39Ar
(orange) levels as inferred from a MC fit. Note the peak in the
lowest bin of the UAr spectrum, which is due to 37Ar from
cosmic-ray activation. The peak at ∼600 PE is due to γ-ray
Compton backscatters.

FIG. 2. f90 NR median vs S1 from a high-rate in situ AmBe
calibration (blue) and scaled from SCENE measurements (red
points). Grey points indicate the upper NR band from the AmBe
calibration and lower ER band from β-γ backgrounds. Events in
the region between the NR and ER bands are due to inelastic
scattering of high-energy neutrons, accidentals, and correlated
neutron and γ-ray emission by the AmBe source.

RESULTS FROM THE FIRST USE OF LOW … PHYSICAL REVIEW D 93, 081101(R) (2016)

081101-3

RAPID COMMUNICATIONS

X1400	reduction	in	39Ar

39Ar	<	0.07%	of	atmospheric	argon

Concentration moles mass	(g)

Nitrogen 279	ppm 1.120 31.37

Oxygen 192	ppm 0.773 24.74

Methane 95	ppm 0.380 6.08

Helium 3	ppm 0.014 0.054

Carbon	Dioxide 14	ppm 0.055 2.42

• 39Ar	– 0.73±0.11	mBq/kg
• 85Kr	– 2.05±0.13	mBq/kg

TOTAL UAr MASS ~ 157.5 kg
Filled into Darkside-50

on April 3, 2015
• Residual	contamination	after	all	
processing	(measured	by	PNNL):

P. Agnes et al. (DarkSide Collaboration), Phys. Rev. D 93, 081101(R)



Scaling-Up	UAr Production
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DarkSide-20k

• 30	tonnes UAr total

• Target	needed	by	2021

• With	construction,	need	to	
produce	target	on	timescale	
of	1	year

à Target	~250	kg/day			
extraction	rate

~3	m

~3	m

~8	m

~7	m

Future	300	tonnes detector

• ~500	tonnes UAr total

• Target	needed	by	2027

• With	250	kg/day	and	
continued	production	after	
DS-20k	target	production	
would	have	target	procured	
in	time

à No	additional	scale	up	of	UAr plant	required!!!

Concept	design	
from	Mark	Boulay
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Doe	Canyon	Kinder	Morgan	Facility,	Cortez,	CO,	USA
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Enter	the	Age	of	Urania



Urania	Process	Overview
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Preliminary lay-out

a^er	POLARIS	Srl	

Same	source	as	DarkSide-50	target

0.04%	
Ar in

99.9%	Ar out
250	kg/day

Remove	most	CO2 Scrub	rest	of	CO2 Separate	CH4 Separate	N2

PSA:	Pressure	Swing	Adsorption	is	based	on	gas	/	solid	selective	adsorption.	
Design	cannot	be	properly	performed	without	experimental	validation.



Urania	PSA	R&D

Renshaw,	UCLA	DM	18

A	 D	C	B	

CH4	

N2	

AR	

CO2	

V2	

V1	

Feed	

CO2	DEPLETED	PRODUCT	

 

P1	

V3	

T1	

T3	

LEGENDA	
VALVOLA	ON-OFF	MANUALE		 TERMOCOPPIA	(T1-T3)	

VALVOLA	PNEUMATICA	+	ELETTROVALVOLA	(ON/OFF)		 CONTROLLORE	PRESSIONE	(CP)	

VALVOLA	DI	REGOLAZIONE	MANUALE	 MASS	FLOW	CONTROLLER	(MFC)	

TRASDUTTORE	PRESSIONE	(P1-P10)	 MASS	FLOW	METER	(MFM1-MFM2)	

COMPRESSORE	(C1-C4)	 INDICATORE	DI	FLUSSO	(I1-I3)	
	

VALVOLA	PNEUMATICA	+	ELETTROVALVOLA	(REGOLAZIONE)		
	

P	

T	

ABB	AO2020	

I1	

I3	

C1	 C2	 C3	

C4	

P10	

P2	

P3	 P5	P4	

P9	

P6	

P8	

XV-1B	XV-1A	 XV-1D	XV-1C	

XV-4A	 XV-4B	 XV-4D	XV-4C	

XV-5B	XV-5A	 XV-5D	XV-5C	

XV-8	

XV-2A	 XV-2B	 XV-2C	 XV-2D	

XV-7	

XV-10	

T2	P7	

I2	

XV-3B	XV-3A	 XV-3D	XV-3C	

Pilot	Plant	is	under	test	in	Naples
12



Gas	Input	Stability	Monitoring
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• Monitor	the	long	term	stability	of	the	input	gas	composition	at	Doe	
Canyon	

• Does	the	helium	composition	fluctuate?
• Is	there	something	we	are	missing?

• Critical	to	the	long	term	operational	stability

• PNNL	developed	method	to	measure	gas	composition	over	long	periods	
of	time	(weeks	to	months)

• Autonomous	and	remotely	accessible	UGA

Funded	by:	PNNL	Lab	Directed	R&D

LOGAN	(LOng-term Gas	ANalyzer)

• Residual	oxygen	in	DS-50	UAr is	from	air	
infiltration

• Precision	gas	analysis	of	CO2
• O2 =	6.7	ppm
• Ar =	427	ppm

• Ar:O2 ratio	in	air	0.045
• AAr concentration	in	the	UAr:

• (6.7ppm	*	0.045)/427ppm	=	7.0e-4	

• 39Ar	rate	in	UAr due	to	AAr:
• 1	Bq/kg	*	7.0e-4	=	0.70	mBq/kg

• Potential	39Ar	reduction	without	air	infiltration:
• DS-50	39Ar	rate	=	0.73	mBq/kg
• Residual	after	air	infiltration	correction	=	30	μBq/kg
• 33,000	time	lower	than	AAr!

Long	term	run	taken	last	year



UAr Shipping	and	Storage

Cryogenic Shipping Container Concept

C.Kendziora 3.30.17Fill Bayonet

Backpressure regulator LN2 Temperature 59.5 psig, 94.3 K (normal operating pressure)

Fill Vent valve

59.5 psig

Safety Pressur Limit 24 barr

Condenser	control	valve

Custom	designed	cryogenic	shipping	vessel	(Wessington	Cryogenics)
• LN2 fed	UAr condenser	(UCLA)
• UAr-pressure	dependent	valve	controls	cooling	(UCLA)

Renshaw,	UCLA	DM	18
14

Open	Questions
• What	is	the	cosmogenic	39Ar	production	rates	at	
various	altitudes,	and	how	does	this	affect	
shipping	and	storage	of	UAr?

• What	is	the	maximum	time	allowed	at	Doe	
Canyon	elevation?

• Is	underground	storage	needed?
• How	do	we	store	the	argon	for	long	terms,	and	
what	are	the	associated	costs?

In	progress:	
• Comparison	of	cosmogenic	activation	codes	and	our	
own	analytical	estimate	for	39Ar	production

• Measurement	of	39Ar	activation	rate	by	beam	
measurement
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DS-20k	UAr Purification:	Aria
• DarkSide project
• Final	argon	purification	for	DS-20k
• Capable	of	isotope	separation	through	
cryogenic	distillation

• Can	further	deplete	UAr of 39Ar
• Located	in	coal	mine	shaft	in	Sardinia,	
Italy

• Funded	by	INFN,	NSF,	RAS,	Carbosulcis
and	Princeton	University

• Contributions	by	CERN	for	leak	testing

Seruci Wells
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600
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R&D Column
30 cm diameter

350 m height

 

 

 

• Volatilità relative => 1.007 

• Valori tipici >1.5 

• Numero di stadi teorici => ordine delle migliaia 

• HETP = 10 cm 

• H=200-400 m 

• Usuali = 20-30 m 

• Fuori terra 

• A sezioni separate 
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m
 

Thousands of equilibrium stages reflects in a very tall column
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Aria:	Path	from	Fabrication	to	Production

Feb 5 2018

Jan 2018

Polaris (Misinto):		Production	site,	
individual	parts	leak	check	test	and	SI	installation

CERN (Geneva):		Global	leak	check	test	
of	the	fully	assembled	modules	

CarboSulcis (Sardinia):	Final	destination:	
Seruci	0	&	1	installation,	testing	&	operation

Italy

5	

Aprile	2016	

October	2016	



Status:	Full	Tower	– 30	Modules
• First 3 modules

• Column module #1 built 2016
• Top module (condenser) built 2016
• Bottom module (re-boiler) built 2016

• Column completion
• Of remaining 27 column modules:

4 modules (#28-25) built end-2016
4 modules (#24-21) built 2017

• All 11 modules
• Successfully leak-tested at CERN

Top + Column-1 + 
Bottom
• On surface
• No module inter-

connection via 
flanges

• Interconnections 
with welding (need 
adapting mechanical 
pieces)

Additional advantage:
• Will serve to validate 

and adjust Seruci-1 
welding scheme

Seruci-0

Renshaw,	UCLA	DM	18
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Summary

• DarkSide-50	successfully	produced	157	kg	argon	target	with	1400x	less	39Ar	
than	atmospheric	argon

• Challenges	to	DarkSide-50	target	production	are	understood	(minor	contaminations)

• Residual		39Ar	in	DarkSide-50	target	likely	from	an	air	infiltration
è intrinsic	39Ar	in	UAr <	DarkSide-50	target	ç

• Plans	for	producing	and	purifying	50	tons	of	UAr for	DarkSide-20k	are	
firmly	in	place

• Further	reduction	of	39Ar	possible	through	cryogenic	distillation	with	Aria

Renshaw,	UCLA	DM	18
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Thank	you!



Agreement	with	Kinder	Morgan	(KM)

• Currently	spans	from	January	1,	2017	through	December	31,	2019,	with	option	
for	renewal

• Agreement	grants	access	to	KM	side	stream	of	up	to	5,500	Mscf to	procure	up	to	
50	tonnes of	underground	argon.

• Agreement	grants	permission	to	install	the	“Argon	Extraction	Plant”	on	an	area	of	
16.0	x	19.2	square	meters.

• Gas	flow	at	outlet	must	stay	within	+-3%	of	inlet	gas	flow.

****None	of	this	is	possible	without	the	incredible	support	from	Kinder	Morgan	
and	all	of	their	staff	at	the	Doe	Canyon	Facility***

Renshaw,	UCLA	DM	18
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Aria	Principle	of	Separation

• Based on difference in volatility between molecules of the
same compound containing different isotopes of the same
element

• Fieschi-Terzi	model	gives	the	ratio	between	the	vapor	pressure	
of	different	isotopes

• Model	tested	on	p(36Ar)/p(40Ar),	compared	with	experimental	
data	from	Boato-Scoles

• Model	then	extended	to	p(39Ar)/p(40Ar)

• Estimated	the	number	of	theoretical	equilibrium	stages	with	
Fenske	equation	

Thousands of equilibrium stages are needed
Renshaw,	UCLA	DM	18
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Aria	Column	Overview

Renshaw,	UCLA	DM	18
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• 28	Modules:	12	m	each
• 1	Condenser	module:	7	m
• 1	Reboiler	module:	5m
• Total	height:		348	m
• Outer	Diameter	of	the	column:	323.8	mm
• Inner	Diameter	of	the	column:	317.8	mm
• Outer	Diameter	of	cold	box:	711.2	mm
• Packing:	CY	from	Sulzer
• Number	of	theoretical	stages:	2870	



Aria	Shaft
R&D Column
30 cm diameter
350 m height

Production Column
150 cm diameter
350 m height

Renshaw,	UCLA	DM	18
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Aria:	Beyond	Argon

Renshaw,	UCLA	DM	18
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Isotope Market Study Summary

DarkSide - F. Gabriele



Boarder Impact and Transfer Technology
DarkSide-20k
LNGS

3D!

Urania
Cortez, Colorado

EB Welding
Ortona - Italy

Aria
Seruci, 
Sardegna

NOA
LNGS

DarkSide - F. Gabriele
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Applications
• SiPM - NOA + 3D!

• PET
• LiDAR

• Electron-Beam Welding (EB) - NOC
• Reactor
• SubMarine

• Urania:
• TOF-PET - 3D!

• Aria:
• Tracer PET - 3D!
• Breath Test 
• 15N New Generation Nuclear Power Plants

DarkSide - F. Gabriele
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