The 3Helium supply crisis and alternative techniques to 3Helium based neutron detectors for neutron scattering applications
Report on the meeting of detector experts held at FRM II on July 7-8, 2009
August 10th, 2009
A group of detector experts representing most of the major neutron scattering facilities and a research group has formed and met on July 7-8 at FRM-II to illuminate the consequences of the present 3Helium supply problem for building future neutron detectors and to discuss about possible alternative techniques. The experts involved are:
Ron Cooper (SNS)
Bruno Guerard (ILL)
Kazuhiko Soyama (J-Parc)

Debbie Greenfield (STFC)
Günter Kemmerling (JCNS)
Thomas Wilpert (HZ Berlin)

Nigel Rhodes (STFC)
Oleg Kiselev (PSI)
Martin Klein (Univ. Heidelberg)

R. Engels* (JCNS)
G. Smith* (BNL)
Ilario Defendi (FRM II)
Karl Zeitelhack (FRM II)

* not attending the meeting
3Helium production and supply
3Helium is a by product of Tritium production for use in nuclear weapons. Tritium decays by a radioactive ß-decay into 3Helium with a half life of 12.3 years. It is collected in the occasional tritium cleaning process of stores of tritium. Only the US and Russia are presently providing significant amounts of 3Helium. With the end of the Cold War the 3Helium production from Tritium decay has been reduced significantly. However, since September 2001 the demand of 3Helium has increased drastically due to security programs launched in the US and other countries. This has led to a severe depletion of the existing 3Helium stockpile and caused the present shortage of 3Helium. 

In the US 3Helium from Tritium production was available to commercial entities through an auction carried out by the Department of Energy (DOE) Isotope Program. Over the past several years about 60 kliter/y were provided by the Isotope Program. In early 2009 about 35 kliter were released by the Isotope Program about half of the quantity being restricted to US security applications, but due to the depleted stock pile the projected release in the period 2009 – 2014 is only 85 kliter in total
. For comparison, the projected demand for US security applications in the same period is about 100 kliter.

In Russia 3Helium is produced in a single factory partially owned by the Department of Defense. It is estimated Russia will not supply any 3Helium in 2009 until late in the year and only supply about 10 kliter. The present yearly production is estimated to 6-10 kliter
. 3Helium from Russia was available via Spectra Gases and Chemgaz. Starting in 2010 Russia seems to be  reorganising the commercialisation of 3Helium by involving Russian companies (Isotop, Tenex). The future procedure of access to Russian Helium is presently unclear.

Canada has a potential stock of 3Helium due to the Tritium production in its CANDU heavy water reactors owned by Ontario Power Generation. The Tritium is regularly separated from the heavy water and stored in Ti3H3 beds were it decays into 3Helium. The present 3Helium stock pile is estimated at 80 kliter and the steady state production to several kliter/year
. Although there are no actual plans for separation at Ontario Power Generation several interested organisations (DOE, the Japanese Government, GE Reuter Stokes) seem to be looking into this.
In summary, in the short term 3Helium is only available from the US and Russia and the global amount available in the period 2009 – 2014 is about 20 kliter/year.

3Helium demands for detectors in neutron scattering applications
With the upcoming new Spallation Sources (SNS, J-Parc, CSNS) and numerous projects for new instruments or upgrades at existing neutron scattering facilities the demand of 3Helium for neutron detectors has significantly increased. The projected 3Helium demand for neutron detectors at the major facilities in the period 2009 -2015 is shown in summary in table 1, while the specific demand at each facility is listed in more detail in Appendix A.
	Facility
	Maintenance & research
	New small detectors
	New large detectors

	
	[liter / year]
	[liter]
	[liter]

	ORNL (SNS)
	100
	1,300
	17,100

	ORNL (HFIR)
	100
	1,210
	1,060

	Los Alamos
	100
	1,994
	12,362

	NIST
	100
	560
	

	BNL
	50
	180
	

	FRM II
	100
	650
	4,500

	HZ Berlin
	100
	520
	7,850

	ILL
	100
	1,000
	3,000

	JCNS
	40
	15
	7,200

	LLB
	50
	600
	600

	PSI
	50
	
	2,000

	STFC
	100
	400
	11,300

	J-PARC
	100
	40
	16,100

	JRR-3
	31
	71
	

	KAERI*
	150
	
	2,000

	CSNS*
	200
	
	21,000

	
	
	
	

	Sum
	1,431
	8,540
	106,072


Table 1:  Projected demand of 3Helium for neutron detectors at neutron scattering facilities in the period 2009 – 2015. (* Estimation)
The demand has been divided in three sections. Section Maintenance and Research covers the annual demand of 3Helium for refurbishment or replacement of existing detectors and the demand for research on new 3Helium based detector techniques. Section New small detectors covers the demand for building new small area detectors (MWPCs, MSGCs or small arrays of PSDs) e.g. used for Reflectometers, Diffractometers or SANS instruments. Section New large detectors covers the demand for detector arrays covering large areas e.g. for inelastic scattering instruments or powder Diffractometers. 

In total, the projected demand of 3Helium amounts to about 125 kliter in the period 2009-2015, which is only slightly less than the global available supply of ~20 kliter/year. While the sum of the annual demand for the two sections Maintenance & Research and New small detectors amounts to ~2.5kliter only, the overwhelming majority of 3Helium is requested for detectors consisting of large arrays of single counters or PSDs.

In summary, the projected demand and the available supply show a huge discrepancy. However, a supply of ~2,5 kliter/year (~150 – 175 liter/year per facility on average) for neutron scattering applications would allow the facilities to maintain or upgrade existing instruments and equip new instruments requiring small or medium size detectors for many applications. Possibly, this demand can be further reduced by a more careful use and the recycling of existing 3Helium resources. The envisaged construction of huge arrays of 3Helium based PSDs or single counters which cover large areas seems to be impossible.

Alternative technologies for neutron detection replacing 3Helium detectors
3Helium (3He(n,p)t) provides outstanding performance as a converter in neutron detectors working in ionisation or proportional mode. Its high neutron absorption cross section in combination with high pressure operation allows the design of robust, highly efficient and long-lived neutron detectors. It provides excellent neutron/gamma separation (~10-7) and it is inflammable and nontoxic. In view of the present supply shortage a replacement of 3Helium is mostly needed for large area position sensitive detector systems. Presently, there is no alternative technique which could simply replace 3Helium filled detectors without a loss in performance. Practically, only 10Boron (10B(n,)7Li) and 6Lithium (6Li(n,t))can be considered for use as alternative neutron converters in large area detectors. For thermal neutrons 10B and 6Li have ~70% and ~17% the reaction cross section of 3Helium.

Both elements have an average abundance in the upper continental crust. 10Boron occurs at 20% of natural Boron, 6Lithium at ~7% of natural Lithium, respectively. 10B (enrichment >97%) is commercially available at a price of ~20€/gram in an abundance of 100 tons/year. It is also delivered in various compounds as BF3 or B2O3. In terms of being used as converters in neutron detectors there should be virtually an unlimited supply of both isotopes.

During the meeting several alternative technologies and attempts have been discussed that could be used to replace 3Helium based detectors in neutron scattering applications. These shall be briefly described below.

10BF3 filled neutron detectors

10BF3 filled gas detector were widely used in neutron scattering until they were replaced by 3Helium filled detectors in the 80’s. Most, if not all, position sensing methods developed for the 3He interaction work equally well with the BF3 interaction with no change at all in the detector design. BF3 gas detectors provide excellent neutron/gamma separation and high count rate capability. At least for thermal neutrons however, the lower cross section of 10B and the limitation to operation close to atmospheric pressure result in a significant reduction in efficiency compared to 3He filled detectors. Further drawbacks are high operational voltages and the high toxicity of BF3 which has to be considered as an important health and safety issue in production, transport and installation of large quantities of detectors. Presently, BF3 detectors are built by LND and Centronic. GE Reuter-Stokes stopped production in the mid 80’s but is looking into a resumption of production if it is economically worthwhile.

Keeping the present detector designs, the use of BF3 filled gas detectors for thermal and epithermal neutron detection applications would be associated with a significant loss in performance. However, it might well be considered for some cold neutron detection applications. It is worth noting that some of the present limitations in performance of BF3 detectors might probably be overcome by an improved detector design.

10Boron lined Proportional Counters

Presently available 10B-lined proportional counters have far too low a detection efficiency to be used in neutron scattering applications. GE Reuter Stokes adumbrates that it is working on a new detector design, which could approximate to the performance of 3He filled detectors. It is certainly worth pursuing this development.

Gaseous Detectors with solid 6Lithium or 10Boron converters

Solid 6Lithium or 10Boron converters in gaseous detectors have been proven to work in various detector assemblies. Pure 6Li-metal foil converters are delicate to produce and handle, as they are highly reactive and need to be protected by a thin polymer protection layer. For a small sized prototype detector with a single 6Li converter foil an efficiency of ~16% for thermal neutrons has been reported. While it is certainly interesting, it seems difficult to imagine the construction of large area devices in the near future using metallic 6Li-converters.

Solid 10Boron layers seem to be much more favourable for use as neutron converters. They can easily be produced in reasonable sizes using evaporation or sputtering techniques. A single 10B-layer however provides only relatively low efficiency (~5%) for thermal neutrons. This can be partially balanced by cascading a series of conversion layers as in the CASCADE detector developed at Heidelberg. This detector consists of a stack of double sided Boron-coated GEM-foils which act in parallel as converter and active detector elements. Theoretically, a detection efficiency of ~50% for thermal neutrons may be achievable in a detector with 10 GEM foils. Operated with a typical proportional gas (Ar-CO2) at atmospheric pressure, the detector provides moderate position resolution but rather high count rate capability. In view of production and costs of a large area detector the presently rather limited production size of GEMs and the large number of converter layers are a disadvantage.

A detector design using inclined 10Boron converters read out by MWPC type structures as has been proposed by the ILL detector group could be envisaged to increase the detection efficiency. In summary, 10Boron converters in gaseous detectors may turn out to be an interesting alternative technique, but they need more investigation.

6LiF-ZnS(Ag) and B2O3-ZnS(Ag) scintillation detectors

6LiF-ZnS(Ag) scintillator based neutron detectors with coded clear fibre PMT readout have for  many years been widely used at several facilities. They can provide high position and timing resolution and a detection efficiency of ~50% for 1A neutrons which has to be compared to ~75% for an equivalent 3Helium detector. Gamma sensitivity can be almost an order of magnitude worse than for 3Helium. The long decay time of the ZnS scintillator significantly limits its local count rate capability to ~10 kHz and in view of the production costs it is not feasible to cover very large areas with those devices.
A promising attempt to cover large areas with small dead space between individual detector modules is the approach of reading a Li or B-doped ZnS scintillator with two orthogonal layers of wavelength shifting fibres mounted underneath the scintillator. A coincidence hit of orthogonal fibres provides the neutron impact position and a light pulse train analysis provides neutron/gamma separation as in 6LiF-ZnS(Ag) detectors with clear fibre readout. Applying this technique about 30 6LiF-ZnS(Ag) scintillator based modules with 0,3m2 active area each and small dead space with coded fibre readout have been built at SNS. The detection efficiency approximates a 3Helium tube filled at 6.6 bar. Due to the scintillation properties of 6LiF-ZnS(Ag) the device again has a lower count rate capability and poorer gamma separation than equivalent 3Helium detector technology. At J-PARC at similar device is being built using a newly developed and now commercially available B2O3-ZnS(Ag) scintillator which should improve the detection efficiency for neutrons <1,8 A.
In summary, this technique could be a candidate for covering large detector areas if local count rate and neutron/gamma separation are not an issue. To approximate the performance of 3Helium detectors however requires further improvement or the development of new scintillator materials.

GS20 6Li loaded glass scintillator

GS 20 6Li loaded glass scintillators produced by AST can provide detection efficiencies comparable to 3Helium. They have a short decay time of only ~70 ns but suffer from a relatively poor neutron/gamma separation capability. The low photon yield per detected neutron requires a direct readout with PMTs, e.g. in an ANGER camera type configuration. Due to its relatively high costs it seems hard to imagine that this technique can be employed for large area detector systems.

Summary
Presently, there is no alternative technique which could simply replace 3Helium filled detectors and combine all the capabilities of 3Helium without a loss in performance. This is particularly true for large area detector systems consisting of arrays of single counters or PSDs.

It is essential to guarantee an adequate annual supply of 3Helium for neutron scattering applications that will allow the maintenance of existing detectors and the construction of high performing small area devices. The supply should at least amount to ~2,5 kliter/year in total, corresponding to ~150 – 175 liter/year per facility in average.

The saving of 3Helium resources should be supported by a more careful use and the recycling of existing 3Helium from refurbished detectors or detectors not used any more. This may require the building of gas recycling rigs, which as yet only exist at few facilities.

Although it has several of disadvantages, the use of BF3 for specific applications in neutron scattering should not be excluded by definition. An experimental evaluation of BF3 filled detectors should be undertaken. 

Various new technologies like 6LiF-ZnS(Ag) or B2O3-ZnS(Ag) scintillation detectors with WLS fibre readout or solid 10Boron converters in gaseous detectors should be further explored in view of their potential to replace 3Helium.
An effort on the development of improved scintillation materials should be considered.

Some facilities have already designed instruments and are in the process of building them in the anticipation that 3Helium detector technology would be available. Others are slightly better off in that the next larger area detector array is perhaps 3 – 5 years away.

However, the development of new detector technology takes time and effort and suitable replacements will not be developed instantly. Even 5 years is a very short time to develop and implement a robust technology on a large scale. To shorten development time it is necessary that a number of potential development lines are pursued simultaneously. Priority should be given to technologies which allow the construction of large area position sensitive detectors.
To make the development process as efficient and timely as possible it is essential that the community works together to maximise available resources and avoid unnecessary duplication of effort. A means of doing this needs to be established. Industry should be involved wherever possible. 

However, whilst 10BF3 technology is more appropriately handled by industry, the neutron detector market is relatively small and therefore a lot of the neutron detector expertise lies within the facilities and research laboratories. Only when designs are sufficiently advanced or show sufficient potential is there generally scope for industry to become involved.

Current resources at facilities are already over subscribed for the required neutron detector development programmes even before the shortage of 3Helium became apparent. If the community wants to develop alternatives to 3Helium technology in a timely fashion it will have to find sufficient resources, both in terms of funds and skilled staff, in order to make a serious impact on the need to replace 3Helium detector technology for large area detectors on timescale of 3 – 5 years.

APPENDIX A

Estimated 3Helium Consumption for neutron detectors intended over period  2009 - 2015

Facility:  FRM-II
Consumption grouped into 


Research and Maintenance of operational detectors (e.g. Refill or replacement of old detectors)


New small size detectors


New large detector systems

Research and Maintenance:

	Annual estimate / liters

	100


New small detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	StressSpec
	Diffractometer
	2010
	MWPC
	50

	MIRA-II
	Reflectometer
	2010
	MWPCs
	50

	StressSpec-II
	Diffractometer
	 ~2014
	MWPCs
	150

	Small detectors built in house
	
	> 2011
	
	120

	SPODI-II
	Diffractometer
	2013
	Curved MWPC
	180

	UCN-source
	Nuclear Physics
	2013
	
	100

	Total
	650


New large detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	ToFToF - II
	Inelastic
	2015
	Tubes 1”, 2m
	4500 

	Total
	4500


APPENDIX A

Estimated 3Helium Consumption for neutron detectors intended over period  2009 - 2015

Facility:  ILL
Research and Maintenance:

	Annual estimate / liters

	100


New small detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	D1B
	Diffractometer
	2010
	MWPC
	150

	D33
	SANS
	2010
	MWPC
	150

	X-trem
	Diffractometer
	2011
	MWPC
	300

	WASP
	Spin-echo
	 2011
	Prop Counters
	100

	Small detectors built in house
	
	2009 ( 2015
	MWPC, MSGC, Multitube
	300

	Total
	1000


New large detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	IN4 refurbishement
	Inelastic
	2015
	Multitube
	3000 

	Total
	3000
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Estimated 3Helium Consumption for neutron detectors intended over period  2009 - 2015

Facility:  STFC
Research and Maintenance:

	Annual estimate / liters

	100


New small detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	ZOOM
	SANS
	2010 / 2011
	PSDs 8mm, 1m
	160

	LAMOR
	SANS
	2010 / 2011
	PSDs 8mm, 0.6m
	40

	WISH stage 2
	Magnetic diffractometer
	
	PSDs 8mm, 1m
	40

	FIRES
	Quasi inelastic spectrometer
	2015
	PSDs 8mm, 0.15m
	40

	Small detectors built in house
	Reflectometer -linear
	2011 ( 2015
	MSGC’s
	120

	Total
	400


New large detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	EXCESS
	Inelastic
	2015
	PSDs 25mm, 3m
	7800

	JANUS
	Molecular spectroscopy
	2015
	PSDs 25mm, 1m
	3500

	Total
	11300
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Estimated 3Helium Consumption for neutron detectors intended over period  2009 - 2015

Facility:  JCNS
Research and Maintenance:

	Annual estimate / liters

	100


New small detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	SPHERES
	Backscattering
	2011
	
	15

	Total
	15


New large detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	POWTEX
	Diffractometer
	2012
	PSD 1”, 2m
	3200

	TOPAS
	Inelastic spectrometer
	2012
	PSD 1”, 2m
	4000

	Total
	7200


APPENDIX A

Estimated 3Helium Consumption for neutron detectors intended over period  2009 - 2015

Facility:   HZ Berlin
Research and Maintenance:

	Annual estimate / liters

	100


New small detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	V1
	Diffractometer
	2010
	MWPC
	40

	SPAN
	Spin-Echo
	2012
	MWPC
	20

	SANS
	SANS
	2010
	MWPC
	30

	FLEX
	Triple-Axis
	2011
	PSDs
	180

	E1
	Triple-Axis
	2012
	PSDs
	250

	Total
	520


New large detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	EXED
	Diffractometer
	2012
	450 PSDs ½”, 3m
	2550

	NEAT
	Inelastic
	2011
	700 PSDs, 1”, 3m
	5300

	Total
	7850


APPENDIX A

Estimated 3Helium Consumption for neutron detectors intended over period  2009 - 2015

Facility:  PSI
Research and Maintenance:

	Annual estimate / liters

	50


New small detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	
	
	
	
	

	Total
	


New large detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	EIGER
	Diffractometer
	~ 2013
	Single tubes or MWPC
	700

	DMC-2
	Diffractometer
	~ 2011
	MWPC
	1300

	Total
	2000
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Estimated 3Helium Consumption for neutron detectors intended over period  2009 - 2015

Facility:  J-PARC
Research and Maintenance:

	Annual estimate / liters

	100


New small detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	ARISA
	Reflectometer
	2010 - 2012
	
	20

	Polarized Reflectometer
	Reflectometer
	2011 - 2013
	
	20

	Total
	40


New large detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	4 Seasons
	Dir. Chopper
	2009 - 2010
	Tube1.9cm, 2.5m 
	1,988

	DNA
	Inv. Chopper
	2010 - 2011
	Tube1.27cm, 0.6m
	252

	SHRPD
	Powder
	2010 – 2012
	Tube1.27cm, 0.6m
	912

	PLANET
	Powder
	2009 - 2010
	Tube1.27cm, 0.6m
	608

	HRC
	Dir. Chopper
	2009 - 2011
	Tube
	1,000

	AMATERAS
	Dir. Chopper
	2009 - 2010
	Tube2.54cm, 3m
	3,040

	TAIKAN
	SANS
	2010 - 2011
	Tube1.27cm, 80cm 0.8cm, 80cm
	3,317

	NOVA
	Total scattering
	2010 - 2012
	Tube1.27cm, 60cm
	1,824

	KUR-DIF
	Powder
	2010 - 2012
	
	3,000

	Total
	16,081
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Estimated 3Helium Consumption for neutron detectors intended over period  2009 - 2015

Facility:  JRR-3
Research and Maintenance:

	Annual estimate / liters

	31


New small detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	TAS-1
	3-axis
	2010
	Single detector
	10

	LTAS, MUSASHI
	3-axis & 2-axis
	2011
	Single detector and 1-D PSD
	10

	AGNES
	Inelastic
	2010
	Tubes 1 inch x 10 inch
	51

	Total
	71


New large detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	
	
	
	
	

	Total
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Estimated 3Helium Consumption for neutron detectors intended over period  2009 - 2015

Facility:  LLB
Research and Maintenance:

	Annual estimate / liters

	50


New small detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	PA20
	
	2010
	Tubes
	150

	PAXI
	
	2011
	Tubes
	150

	7C2
	Diffractometer
	2009
	PSDs
	300

	Total
	600


New large detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	TOF
	Inelastic
	2013 - 2014
	Tubes
	600

	Total
	600
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Estimated 3Helium Consumption for neutron detectors intended over period  2009 - 2015

Facility:  BNL
Research and Maintenance:

	Annual estimate / liters

	50


New small detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	
	
	
	Curved MWPC
	180

	Total
	180


New large detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	
	
	
	
	

	Total
	


APPENDIX A

Estimated 3Helium Consumption for neutron detectors intended over period  2009 - 2015

Facility:  ORNL/SNS

Research and Maintenance:

	Annual estimate / liters

	100


New small detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	Basis
	spectrometer
	2010
	LPSD
	100

	Nomad
	diffractometer
	2011
	LPSD
	400

	EQ-SANS
	diffractometer
	2012
	LPSD
	300

	SERGIS
	spectrometer
	2013
	MWPC
	300

	Imaging
	Imaging
	2013
	MWPC
	300

	Total
	1300


New large detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	CNCS
	spectrometer
	2011
	LPSD
	3500

	Sequoia
	spectrometer
	2012
	LPSD
	3000

	Hyspec
	spectrometer
	2011
	LPSD
	600

	Corelli
	diffractometer
	2012
	LPSD
	2800

	Rapid powder
	diffractometer
	2014
	LPSD
	6000

	High magnetic field
	diffractometer
	2015
	LPSD
	1200

	Total
	17100
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Estimated 3Helium Consumption for neutron detectors intended over period  2009 - 2015

Facility:  ORNL/HFIR
Research and Maintenance:

	Annual estimate / liters

	100


New small detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	Powder diffractometer
	diffractometer
	2011
	LPSD
	150

	Wand upgrade
	diffractometer
	2012
	LPSD
	160

	Spin-Echo SANS
	diffractometer
	2013
	LPSD
	300

	MIEZE
	spectrometer
	2013
	MWPC
	300

	Cold powder
	diffractometer
	2014
	LPSD
	150

	Polarized powder
	diffractometer
	2015
	LPSD
	150

	Total
	1210


New large detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	GP SANS
	diffractometer
	2010
	LPSD
	530

	BioSANS
	diffractometer
	2011
	LPSD
	530

	Total
	1060


APPENDIX A

Estimated 3Helium Consumption for neutron detectors intended over period  2009 - 2015

Facility:  ……LANL/Lujan canter……………

Research and Maintenance:

	Annual estimate / liters

	100


New small detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	NPDF
	
	
	
	242

	SMARTS
	
	
	
	493

	FDS
	
	
	
	247

	Spear
	
	
	
	38

	LQD
	
	
	
	111

	Asterix
	
	
	
	493

	Nucl
	
	
	
	123

	PCS
	
	
	
	247

	Total
	1994


New large detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	HIPD
	
	
	
	555

	HOT
	
	
	
	1208

	LAPTRON
	
	
	
	616

	INS1
	
	
	
	2465

	INS2
	
	
	
	5546

	Pharos
	
	
	
	1972

	Total
	12362
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Estimated 3Helium Consumption for neutron detectors intended over period  2009 - 2015

Facility:  NIST
Research and Maintenance:

	Annual estimate / liters

	100


New small detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	vSANS
	SANS
	
	PSDs
	250

	
	
	
	MWPC
	12

	MAGIK
	
	
	MWPC
	4

	MDD
	Diffractometer
	
	PSDs
	270

	CANDOR
	Reflectometer
	
	PSDs
	22

	Total
	560


New large detectors:

	Name of Instrument
	Type of Instrument
	When
	Type of detector
	3He estimate / liters

	
	
	
	
	

	Total
	


APPENDIX B

Meeting of detector experts, Garching July 7-8, 2009
Agenda:
	Time
	TUESDAY JULY 7th

	14:00
	Welcome (Prof. W. Petry)

	14:10
	Introduction and Meeting Organization

	14:15
	3Helium shortage – a brief overview ( Karl, Ron, ….)

	14:30
	Reports on the situation at the different Facilities

	ca. 15:30
	Round table discussion on possible alternatives

     Reports on Scintillator based devices (Ron, Nigel, Kazuhiko, Günter)

     Reports on 10Boron based devices ( Bruno, Martin)

	Ca. 18:30
	End of session


	Time
	WEDNESDAY JULY 8th

	09:00
	Continue Round table discussion on possible alternatives

	Ca. 10:00
	Discussion on priorities, definition of the problems to solve

	11:00
	Discussion on possible activities

	12:30
	Lunch

	ca. 13:30
	Continue Discussion on possible activities

	ca. 15:00
	Summary , Discussion on possible decisions

	16:00
	FRM-II facility visit
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