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Purpose

The Subcommittee on Investigations and Oversight meets on April 22, 2010, to
examine the causes and consequences of the Helium-3 supply crisis. Helium-3 (He-
3) is a rare, non-radioactive gas that has been produced in both the United States
and Russia as a by-product of nuclear weapons development. Tritium, which helps
boost the yield of nuclear weapons, decays into Helium-3 gas after approximately
12 1/2 years. The gas was produced as a consequence of tritium production by the
defense programs of the Department of Energy (DOE). As a valuable commodity, it
was packaged, managed and sold through DOE’s Isotope Program in the Office of
Nuclear Energy (though the Isotope program was moved to the Office of Science in
a reorganization during FY2009).

Background

Helium-3 has wide-ranging applications as a neutron detector for nuclear safe-
guards, nonproliferation and homeland security purposes because it is able to detect
neutron-emitting radioactive isotopes, such as plutonium, a key ingredient in cer-
tain types of nuclear weapons. Currently, almost 80 percent of its use is for safe-
guards and security purposes worldwide. It is also broadly used in cryogenics, in-
cluding low-temperature physics; quantum computing; neutron scattering facilities;
oil and gas exploration; lasers; gyroscopes; and medical lung imaging research.

During the Cold War, the U.S. had a steady supply of He-3 gas resulting from
weapons production, but tritium production was halted in 1988. In the wake of the
9/11 terrorist attacks, however, the desire for radiation portal monitors and other
nuclear detection equipment exploded. The Department of Homeland Security, for
example, initiated a program to install more than 1,400 radiation portal monitors
at ports and border crossings and also to supply smaller detectors to state and local
governments. This enormous new demand came just as the available supply of He-
lium-3 was diminishing because of a reduction in nuclear weapons production. By
early 2009, the total demand for helium was over 213,000 liters, and the supply was
45,000 liters.

The Department of Energy is the sole U.S. supplier of He-3 as part of its manage-
ment of the nuclear weapons stockpile. They are also a key consumer of the gas be-
cause of their nuclear weapons detection program (the DOE Megaports and Second
Line of Defense programs distribute PVT radiation portal monitors and other small-
er detectors to nations around the world) and because of their support for spallation
neutron sources. As the key supplier of He-3, as well as a consumer of the gas and
a partner with agencies such as DHS and DOD in nuclear security, DOE was in
a position to see the disconnect between an expanding demand and a declining sup-
ply. However, DOE failed to see the problem until the He-3 stockpile was nearly
expended. This guaranteed that the He-3 shortage would become a crisis, rather
than a smoothly managed transition to conserving and allocating supply to the high-
est use and obtaining alternative technologies.

It wasn’t until late in 2008 that the Helium-3 supply shortage began to be identi-
fied as an issue by DOE when DNDO suppliers of He3 and other non-safeguards
users could not obtain enough He-3 for their work. The last major allocation of He-
3 had occurred in 2008 when DOE set aside 35,000 liters for the Spallation Neutron
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Source, an advanced neutron science research center at DOE’s Oak Ridge National
Laboratory in Tennessee which the Department spent over $1 billion to construct.

By January of 2009, an inter-agency phone conference between DNDO and DOE
occurred in which DOE established restrictions on the use of He-3. DNDO agreed
to develop priorities for He-3 use and initiate a working group on the issue; DOE
said it would start investigating alternatives. In the wake of that meeting, an inter-
agency task force developed with participation by DNDO, DOE and the Department
of Defense. That task force first met in March 2009. In the discussion that ensued,
total annual government and non-governmental demand for FY2009 was projected
as in excess of 213,000 liters. The total available stockpile was, at that time, just
45,000 liters. Out years show similar levels of demand while annual production was
projected at 8,000 liters. As an appreciation of the scope of the problem developed
among the key participants, other agencies were invited to participate. Work quickly
began on allocation of He-3 for FY 09 and 10, research on alternatives and inves-
tigation of possible sources of additional He-3, such as obtaining tritium from Candu
reactors in Canada, Argentina and other countries to harvest He-3 and recycling
and re-use of existing He-3. The entire process was “elevated” to the National Secu-
ri%yCCOuncil when the DOD staffer heading up their He-3 effort was detailed to the
NSC.

This process continued under the new Interagency Policy Committee (IPC),
chaired by staff at the NSC. The Subcommittee has been told that allocation deci-
sions for 2010 have been completed; the gas is now being processed and will soon
be provided to those who have been approved to receive it.

Impact of the Shortage

The domestic and global impact has been profound. The per-liter He-3 have sky-
rocketed from $200 to in excess of $2,000 per liter. (The Subcommittee has been told
of one sale of Russian He-3 to a German firm at a price of $5,700 a liter.) The U.S.
has essentially halted all exports of Helium-3 gas, and recently told the Inter-
national Atomic Energy Agency (IAEA) that they will no longer be able to rely solely
on the U.S. to provide them with He-3 gas for use in non-proliferation enforcement
and verification actions. The Canadian government had to receive special permis-
sion from the U.S. prior to the Vancouver Olympics to permit the export of a He-
3 mobile neutron detector for use at the Olympic Games.

For neutron scattering facilities that require tremendous amounts of Helium-3
gas, the situation is very grim. At least 15 of these multi-billion dollar research fa-
cilities are being or have been built in at least eight countries, including the U.S.,
United Kingdom, France, Germany, Switzerland, Japan, South Korea and China. By
2015, these facilities will require over 100,000 liters of He-3 gas, according to esti-
mates provided to the Subcommittee. Most of those needs are unlikely to be met.
There have been several international meetings of scientists discussing possible al-
ternatives to He-3 for spallation neutron detection, but the research is in the very
early stages.

Within the U.S. government, no program appears to have been more significantly
affected than the Domestic Nuclear Detection Office’s (DNDO’s) Advanced
Spectroscopic Portal (ASP) radiation monitor program, which relies on He-3 as its
neutron detection source. The scale and scope of the Helium-3 crisis, however, and
its impact on the ASP program in particular was not clearly known outside the gov-
ernment until the Investigations & Oversight Subcommittee held its second hearing
on the ASP program on November 17, 2009. During that hearing, Dr. William
Hagan, acting director of DNDO, testified that the Interagency Policy Committee
had decided in September 2009 that He-3 would not be used radiation portal mon-
itors. This was the first time the Subcommittee and the public were informed of the
extent of the Helium-3 crisis. Surprisingly, even Raytheon, DNDO’s prime con-
tractor on the ASP program, did not become aware that a decision had been made
to halt the supply of Helium-3 gas for their radiation portal monitors until they
heard Dr. Hagan’s testimony.

Summary

The shortage of He-3 was an inevitable consequence of a declining source from
the U.S. nuclear weapons enterprise and a growing demand. However, the crisis and
its jarring impacts were avoidable. With foresight on the part of DOE, the kinds of
prioritization efforts now happening through the IPC could have started years ago.
Research into alternatives to He-3 could have been well along to success, with some
areas (such as portal monitor systems) lending themselves to alternatives more
readily than others (cryogenics). In short, the stockpile could have been managed
in a way that allowed for non-disruptive impacts to industry, researchers and the
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national security community. Instead, everyone is surprised and scrambling to iden-
tify alternatives, suspending their research and their production lines while hoping
that a breakthrough in sources of He-3 or alternatives to He-3 happens very, very
rapidly. The failure to manage the stockpile with an eye to demand, supply and fu-
ture needs has had real consequences for many, many fields. Once the shortage be-
came clear to all the key agencies, an interagency process that has laid out a ration-
al guide to allocation and policies has emerged very quickly and appears to be well
managed.

Witnesses

Panel 1

Dr. William Hagan, Acting Director, Domestic Nuclear Detection Office (DNDO),
Department of Homeland Security (DHS)

Dr. William Brinkman, Director of the Office of Science, Department of Energy
(DOE)

(Dr. Brinkman will be accompanied by Dr. Steven Aoki, Deputy Undersecretary of
Energy for Counterterrorism and a Member of the White House He-3 Interagency Pol-
icy Committee (IPC) Steering Committee.)

Panel IT

Mr. Tom Anderson, Product Manager, Reuter-Stokes Radiation Measurement Solu-
tions, GE Energy

Mr. Richard L. Arsenault, Director of Health, Safety, Security and Environment,
ThruBit LLC

Dr. William Halperin, John Evans Professor of Physics, Department of Physics,
Northwestern University

Dr. Jason C. Woods, Assistant Professor, Radiology, Mallinckrodt Institute of Radi-
ology, Biomedical MR Laboratory, Washington University in St. Louis and Program
Director, Hyperpolarized Media MR Study Group, International Society for Magnetic
Resonance in Medicine (ISMRM)
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Chairman MILLER. Good morning. This hearing will now come to
order.

Welcome to today’s hearing called “Caught by Surprise: Causes
and Consequences of the Helium-3 Supply Crisis.”

Five months ago, this Committee held a hearing that examined
technical problems in the development of the Domestic Nuclear De-
tection Office’s (DNDO’s) new generation of radiation portal mon-
itors called Advanced Spectroscopic Portals, or mercifully, ASPs.
Among the issues that the Subcommittee had expressed an interest
in or we had heard about as a potential problem was the effect of
a reported shortage of helium-3 and whether that was affecting the
ASP program, or might affect it, and at that hearing, Dr. Bill
Hagan, the Acting Director of DNDO, who is with us again, testi-
fied that because of the shortage of helium-3, that the White House
two months earlier had had barred DNDO from using helium-3 in
radiation portal monitors. We would have liked to have known that
before the hearing but we found out about it in the testimony at
the hearing, not the prepared testimony submitted in advance but
actually in the oral testimony at the hearing. It was a surprise to
us. Also, the principal contractor, Raytheon, had a witness here
who also was wondering about it in the oral testimony at the hear-
ing.

We have since learned that both the Department of Energy and
the Department of Homeland Security should have known several
years ago that it would be a disaster to rely on radiation-based
equipment that used helium-3 technology. Helium-3 is a byproduct
of tritium, and tritium’s only purpose is to enhance the capability
of nuclear weapons. Until recently, no tritium had been produced
in this country since 1988, and the reduction in our stockpile of nu-
clear weapons guaranteed a reduction in the stockpile of tritium
and therefore helium-3.

At the same time, or after 9/11, the demand for helium-3 grew
exponentially because of the use in radiation detection devices.
DOE not only produces and sells helium-3, but is one of its largest
consumers through the Megaports and Second Line of Defense pro-
grams and the Spallation Neutron Source at Oak Ridge. DOE
never warned anyone that there was no long-term supply for all of
these uses and everyone who used or counted on helium-3 should
begin to make other plans, look for alternatives. In 2006, there was
only 150,000 liters left in the stockpile and DOE told Homeland Se-
curity that there was enough for 120,000 liters then estimated for
the first phase of the ASP program. The result was that in mid-
2008 when commercial vendors began to warn of a helium-3 short-
age, DHS didn’t appear to take it seriously. It took several more
months before there was a government-wide acknowledgement of
the severity of the problem.

The effects of the helium-3 shortage are real and painful and not
just for radiation detection. Helium-3 also plays a crucial role in oil
and gas exploration and in cryogenics including low-temperature
physics, quantum computing, neutron scattering facilities and med-
ical lung imaging research. Important science is on hold in a wide
range of fields and commercial opportunities for American firms
have been lost. Over the past year the cost of obtaining helium-3
has risen from around $200 per liter to more than $2,000 per liter.
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For many applications there are potential alternatives for some
work, particularly the cryogenics. There is no known alternative for
helium-3, so today we will examine the causes and the con-
sequences of the helium-3 supply crisis with an eye to learn lessons
to guide future resource management. We also want to hear about
what we are now doing to manage the limited supply of helium-3,
to set priorities for access to that stockpile and the search for alter-
native sources and alternative gases. I understand the allocations
for 2010 have been determined, the gas is being processed and it
will soon be distributed.

Looking back, it is clear that the shortage was inevitable. If DOE
had noticed the disconnect between supply and demand, they could
have managed the stockpile with clear priorities that would have
allocated it to the most important, most essential uses and led to
an aggressive and timely search for alternatives. That might have
helped avoid the crisis or mitigated the crisis.

Why did DOE not see this coming? And also, why did DNDO not
validate, ascertain that there was enough helium-3 for the ASP
program? A cautious and reasonable analysis should have sought
a complete accounting from DOE before wagering years of effort of
research and hundreds of millions of dollars into a technology that
depended upon a gas that would not be available.

The current efforts of DNDO, DOE and DOD and other agencies
working with the National Security Council staff do appear to be
very well organized. Although there are many failures to get to this
point, it does appear that all the relevant agencies are doing well
now. They are identifying alternatives. They are trying to identify
other sources, international sources of helium-3, and it really is a
model, as I understand it, for interagency crisis management but
the best crisis management is not to have a crisis, and I hope that
DOE has learned and other agencies will learn from this and lead
to wiser management of the unique isotopes they control and dis-
tribute.

Finally, obviously we were mildly annoyed to learn that the tech-
nology that we had been investigating for some time was not going
to be used, to learn that in oral testimony. We are also at least
mildly annoyed that we had not gotten the documents that we have
asked for. The agencies appear to be going through some extraor-
dinary courtesies to each other of letting everybody review
everybody’s else’s documents and there is no legal basis for that,
and it may be a courtesy by each agency to the other but it is dis-
courteous to us and makes it very difficult for us to do our job. We
are not as well prepared today for this hearing as we would like
to be and should have been had the documents that we requested
in a timely way been provided in a timely way, and I certainly took
the last Administration to task for their failures in that area and
I intend to take this Administration to task as well.

We are leaving—in consultation with Dr. Broun, we are leaving
the record of this hearing open today to add additional documents
that we receive, tardy production of documents, and it is very pos-
sible that there are questions that we should have asked had we
had those documents that there will be another hearing. I know it
is not convenient for us either.

[The prepared statement of Chairman Miller follows:]
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PREPARED STATEMENT OF CHAIRMAN BRAD MILLER

Five months ago, the Subcommittee held a hearing titled: The Science of Security:
Lessons Learned in Developing, Testing and Operating Advanced Radiation Mon-
itors. That hearing examined technical problems in the development of the Domestic
Nuclear Detection Office’s (DNDO’s) new generation of radiation portal monitors
called Advanced Spectroscopic Portals or ASPs. Among the issues the Subcommittee
had expressed an interest in was the impact a reported shortage of Helium-3 was
having on the ASP program.

At that hearing, Dr. Bill Hagan, the Acting Director of DNDO, (who joins us again
today) testified that the shortage of Helium-3 was so severe that two months earlier
a White House Interagency Policy Committee (IPC) had barred DNDO from using
Helium-3 in radiation portal monitors. Since the Department had not informed the
Subcommittee of this situation, and the written testimony submitted to the Sub-
committee also failed to make reference to the decision, we were surprised by the
testimony. We were not the only ones to be surprised, among others taken by sur-
prise was DNDOQO’s the main ASP contractor, Raytheon.

What we have learned since is that both the Department of Energy and the De-
partment of Homeland Security should have known several years ago that it would
be a disaster to base radiation-detecting equipment on helium-3 technology. Helium-
3 is a byproduct of tritium, and tritium’s only purpose is to enhance the capability
of nuclear weapons. Until recently, no tritium had been produced in this country
since 1988, and the reduction in the nation’s stockpile of nuclear weapons guaran-
teed a reduction in the stockpile of tritium—and helium-3.

After 9/11—at the same time the supply was significantly decreasing—the de-
mand for helium-3 grew exponentially for use in radiation detection devices. It was
also expanding for spallation neutron facilities worldwide, cyrogenic and medical re-
search, and oil and gas exploration. The Department of Energy, which not only pro-
duces and sells helium-3, but is one of its largest consumers through the Megaports
and Second Line of Defense programs and the Spallation Neutron Source at Oak
Ridge, never—not once—warned anyone that there was no long-term supply for all
of these uses, and they should begin looking for alternatives. In fact, in 2006, when
there was only 150,000 liters left in the stockpile and many other users lined up,
DOE told the Department of Homeland Security that there was enough for the
120,000 liters then estimated for the first phase of the ASP program. The result was
that in mid-2008 when commercial vendors began to warn of a He-3 shortage, DHS
didn’t appear to have taken them seriously. It took several more months before
there was government-wide acknowledgement of the severity of the problem.

The impacts of the helium-3 shortage are real and painful and extend well beyond
Megaports, the Second Line of Defense and the ASP programs. Because of its
unique physical properties, helium-3 plays a crucial role in oil and gas exploration,
cryogenics (including low-temperature physics), quantum computing, neutron scat-
tering facilities and medical lung imaging research. Important science is on hold in
a wide range of fields and commercial opportunities for American firms that sell
products using helium-3 have been lost. Over the past year the cost of obtaining He-
lium-3 has risen from around $200 per liter to more than $2,000 per liter.

The ongoing crisis has drastically delayed the ability of researchers and others to
obtain helium-3 and prevented many firms and researchers from acquiring helium-
3 at all, at any price. For many applications there are potential He-3 alternatives
including boron-10 and lithium. For some work, particularly cryogenics-related ap-
plications, however, there are no known alternatives to using Helium-3 and these
industries will need to continue to be supplied with He-3 if these industries and
their scientific research programs are to continue.

Today, we will examine the causes and consequences of the Helium-3 supply crisis
with a desire to learn lessons to guide future resource management. We also want
to hear about the processes that are now in place to manage the limited supply of
helium-3, to set priorities for access to that stockpile and the search for alternative
sources and alternative gases. It is my understanding that allocations for 2010 have
been determined, the gas is being processed and it will soon be distributed.

Looking back, it is clear that the shortage was inevitable. Helium-3 has been cap-
tured by the Department of Energy from the decay of tritium. With the end of the
Cold War and the arms reduction agreements going back all the way to the Reagan
Administration, the stockpile of tritium was not growing and so the production of
Helium-3 would inevitably decline. Since 1991, DOE has allocated over 300,000 li-
ters of helium-3, drawing the reserve down to a very low level by 2009. The annual
production of Helium-3 from the U.S. tritium stockpile is now in the range of 8,000
liters per year and demand is orders of magnitude higher.
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At the same time that production was declining, the demand for Helium-3 has
been increasing since 9-11. Helium-3 has been a critical component in the portal
radiation monitor programs at DHS and approximately 60,000 liters have been used
in the current PVT systems alone. The ASP systems that Raytheon designed would
have required, if a full acquisition had gone forward, approximately 200,000 liters
of helium-3. The Department of Energy has its own radiation detection program in
mega-ports with additional liters of helium-3 used in that program. Handheld and
backpack radiation detection systems at DHS, DOE and also DOD are another ongo-
ing source of expanded demand since 9-11.

In addition to this new security-related source of demand, the Spallation Neutron
Source project, also a DOE program was moving towards conclusion, with its main
detector requiring an additional 17,000 liters. With countries around the world all
pushing to get into SNS-style research, the global demand in coming years for He-
lium-3 from these detectors alone is expected to exceed 100,000 liters.

Since the shortage was inevitable, does it matter that DOE failed to see that their
stockpile was evaporating? Yes, it absolutely does matter. If DOE had noticed the
disconnect between growing demand and declining supply, they could have managed
the stockpile with clear prioritization for highest use, and led an aggressive and
timely search for alternatives to helium-3. These actions would have helped us avoid
this crisis. It is astonishing that DOE did not see this coming.

It also astonishes me that DNDO did not validate that sufficient resources of he-
lium-3 were available for the ASP program. A cautious and reasonable analyst
would have sought a complete accounting from DOE before wagering years of effort
and hundreds of millions of dollars.

Good crisis management is an inspiring thing to see in the government and I have
to say that the current efforts of DNDO, DOE, DOD and other agencies under the
orchestration of the National Security Council staff appears to be very well orga-
nized. They have set out to do a thorough survey of demand and have attempted
to identify all outlying sources of supply. They are identifying alternative gases and
locating international opportunities to temporarily expand the supply of Helium-3.
All of this is laudatory, and can serve as a nice model for future interagency man-
agement of crises, but even better is to avoid a situation requiring crisis manage-
ment in the first place. I hope that DOE has learned a lesson with Helium-3 that
will lead to wiser management of the unique isotopes they control and distribute.

The final lesson I hope the agencies and the White House learn is that when a
Subcommittee asks for your documents, you have to produce them or explain why
you cannot. The Subcommittee wrote to both the Department of Energy and the De-
partment of Homeland Security on March 8 requesting materials by March 29. Nei-
ther agency responded in a timely fashion. Neither agency has produced all of their
materials, nor offered anything approaching a comprehensible explanation of the sit-
uation. Allegedly, some small set of documents were originally produced by White
House staff and distributed to the agencies, and I have been surprised at the dif-
ficulty of getting the White House and the agencies to simply do the reviews that
the precedents of legislative-executive relations suggest should properly occur for
these documents, which do not appear to rise to the level of an executive privilege
claim. I am hopeful that we will break this impasse soon.

The implications of the situation are that the Subcommittee is not as prepared
for this hearing as we should properly be. The agencies have gone through elaborate
fictional inter-agency courtesies allowing for duplicative, time-consuming reviews.
There is no legal basis for these reviews. This has not only wasted time but is dis-
courteous to the Committee. As a result, it is my intention to leave the hearing
record open and, in consultation with my Ranking Member, Dr. Broun, to include
in the record relevant materials that are responsive to my original letter. I will not
rule out a second hearing on this subject if the documentary record contradicts testi-
mony we receive today nor would I rule out taking any other steps necessary to
compel production of agency records. I hope it won’t come to that, but I had enough
of stonewalling and slow rolls by the last Administration to have much patience
with it from this Administration.

Chairman MILLER. I am attaching for the record two letters sent
to the Subcommittee on the subject. One is from an oil and gas in-
dustry representative and one is from a researcher at the Lawrence
Livermore National Lab.

[The information follows:]
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April 19,2009

Mr Brad Miller, Chmn'nnn
ittee on [ igations & Oversight

P ities o Sci & Technology
LS. House of Representatives
Washington DC

Subject: Helium 3 (He-3) shortage and petroleum industry
Dear Honorable Chairman Miller,

[ am greatly honored to provide this input 1o you, the Ranking Minority Member and the
Subcommittee on this important matter. While the pelroleum industry utilizes only a small
volume (2.5%) of the total He-3 volume used worldwide, it is a critical component of a key
technology utilized in this industry. Thus, its shortage is likely to have a major economic impact
unless it is mitigated by availability of additional supplies or alternative technologies.

[ am grateful to Mr. Doug P k, the Sut ittee Staff P, ional Staff Member, for
ln\-'lllng tllt input. Tam an oil industry nuclear scientist working in R&D at a major oil company
tech ion and also the Coordi of an oil industry technology group, Nuclear

Logging Spﬂ(‘.lﬂl Interest Group (SIG), which despite its rather charged name is nctually the oil
industry technical group of nuclear experts who deal with technical issucs only. All major
nuclear experts in the industry participate in it. Like technical SIG's in other petrophysics-
related disciplines, the Nuclear S$1G functions under the umbrella of the Society of
Petrophysicists and Well Log Analysts (SPWLA).

In order to address the invitation, [ i my coll in the Nuclear SIG and received
input from several of them. 1 pamculnﬂy thank Drs. Dale Fitz (ExxonMobil), John Nieto
(Canbriam Energy), Brad Roscoe and Chris Stoller (Schlumberger), Jerome Truax (Halliburton)
and Ward Schultz (Smith-Pathfinder) for the input and discussion. In this letter, [ collect their
thoughts and combine them with my own, While the letter reflects the wisdom of several
industry nuclear logging experts, the letter’s composition and hence any errors or omissions, are
entirely mine, and are inadverient.

In the letter, I first briefly deseribe the importance of He-3 1o the petroleum industry and then
discuss how its slmrla,gc has bcgu.n to |rnpa:l the industry, the likely future impact, possible
alternatives, challenges in d ives and what the :.rudusl.ryw doing to address the
challenge posed by the shortage. ch:m[ of the oil service companies learned of the shortage
through supply problems going back to July 2009 and then the fall of 2009. Two industry

experts attended the recent AAAS Forum held in Washington DC on this topic.

A. Application of He-3 in Oil Industry

He-3 is an inert, non-hazardous gas used in the so-called proportional counters to detect
neutrons. As is well-known, it comes from the decay of tritium primarily from the nuclear
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weapons stockpile which is dwindling. In the petroleum industry, He-3 is used in detectors in
neutron porosily tools, one of the key instruments used to locate hydrocarbons, estimate
petroleum reserves, and make production decisions. The neutron device is particularly used to
establish the rock and fluid p which help d ine these properties. Thus,
uncertuinties in these parameters can have a large impact. For example, a seemingly small
uncertainty in the reservoir porosity (the fraction of the geological formation that is porous) can
result in uncertainties in reserves in the tens to hundreds of millions of barrels oil-equivalent,
depending on the size and quality of the rescrvoir. These are discussed in Attachment A in
greater detail,

As discussed in Attact A, neutron i (using He-3 detectors) play a central role in
detecting gas and quantifying gas volumes. Thus, with both clean-gas and shale-gas r:smmrs
becoming key sources of US and world energy supply, an neutron

critically important.

B. Impact of He-3 shortage to date

Since July 2009, the He-3 shortage has affected the cost and availability of new detectors for
mast service companies. [n some cases, additional premiums have been required to assure supply
in the near future. For others, the shortage has led to reduced spare parts and delayed production
of new tools. One vendor redesigned one of their key neutron instruments to reduce the He-3
volume which increased the statistical error of the instrument by over 20%.

C. Potential long term Impact of He-3 shortage

We noted previously that neutron measurements are critical in detecting gas and quantifying the
gas volume. Thus, with both clean-gas and shale-gas reservoirs becoming key sources of US and
world energy supply, any increase in the uncertainty in the neutron response caused by a
degraded detection system, either due to redesign to reduce the amount of He-3 in the detector or
due to the necessity to use a lower performing alternative, will have a significant economic
impact. We noted previously the 20% increase in the statistical uncertainty of the measurement
from instrument redesign to reduce He-3 i y in the d by one tool desi

We will see later that none of the alternatives to He-3 being considered perform at the level of
He-3 at this time.  One user of the technology estimates that alternatives to He-3 could add 10%
uncertainty to reserves estimates for clean gas reservoirs and could add 15-20% uncertainty to
overall reserves esli when density-neut hes are used to quantify shale volume.

Even if alternatives were to become technically feasible, we would need a sufficient supply of
He-3 gas until we can roll out new lechnology that is independent of He-3 gas. The next one- to
ten-year time-frame will be critical for us since we do not currently have alternatives and it will
take time to develop and implement them.




12

D. He-3 vs. potential alternatives

The characteristics important in d used in the petrol industry arc cfficiency, statistical
prec15|un gamrnavneutron response separation (to avoid mterfercm:: from gamma mys},
such as temy and p cost, and

u\mlahl!lty To date He-3 has had the best of these to detect
neutrons, although the current shortage is making He-3 more expensive and its availability is
now in question. We briefly review the characteristics of He-3 and those of major alternatives
under consideration.

He- 3 detectors arc able 1o  operate al lempemlures up to 500 F (260 C); they survive under high
| shocks and v ions which especi , arise in logging- wh!le-dnl]nlg, they have a

high neutron detection efficiency, which is very img of space limitations inside

well logging instruments; and they have a very low detection background from gamma rays.

The major alternatives considered are 1) BF-3 2) boron-lined counters, 3) lithium-6
glass scintillators, and 4) nptlcal fibers coated with scintillator and lithium. All are dcrl:lem in
one or more of the ¢l istics desired for d For ple, the BF-3 p 1

counters which could be a direet physical replacement of He-3 counters have unly 1/5 the
sensitivity to neutrons as He-3, although their neutron-gamma separation is as good. In addition,
BF-3 is toxic and corrosive. The sensitivity of Boron-lined tubes (these are non-toxic) is even
lower (1/7 of He-3). The sensitivity of lithium-glass scintillator is similar to that of He-3 but
these tubes have high interference from background gamma-ray ind 1 signals ; the scy

is only 1/10 of that of He-3. Only coated fiber has comparable neutron y and neutron-
gamma separation but it has not been produced on a large scale and thus is expensive. While
rescarch is underway to eliminate these deficiencics, physics limitations may prevent that and it
may take three to ten years before suitable alternative can be found.

As we drill deeper and in hotter cnvlmnments the industry is searching for more reliable

hnologies than current d and the impact of He-3 shortage will be even greater
beeause, ‘some of the alternative technologies would take us in the wrong direction. For
example, in hot wells, the rell:lh]llt}' nn:l |1fe—llmc of detection system will be severely degraded
if a lithium-glass-and- PMT-pulse-di ion system replaces the current system which itself
is prone to failures in such wells.

E. Industry steps to address the problem

The major service companies have either underiaken steps to address the issue or are
conlemplnl:ng them. These include munng supply hy pnymg a premium, reusing He-3 from
aging detectors, and looking at al g Here are a couple examples:

Schlwmberger have initiated a process to reduce, reuse, and recycle He-3 detectors and/or the He-
3 gas. They have already started a recycling program of tubes and He-3 gas from old or broken

tools. In addition, they are looking at ways to reduce the usage of gas in existing tools (if it does
not affect the response) and of new tools under devel In addition, they have
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company resources to look at neutron detector technologies that might work in oil industry
environments within the ints that industry imp on them.

Other service companies, such as Halliburton and Pathfinder, have either initiated R&D on
replacements or will do so if reduced availability of the He-3 becomes a challenge despite the
payment of a premium.

[t should be roted that unlike the major service companies which can commit significant
resources to R&D of alternatives, small mom-and-pop service companies, often with no large
R&D capability, will be devastated without He-3 and without R&D support from the government
on aliematives,

F. Length of time and cost to switch to He-3 free technology

Since currently there is nothing off-the-shel that would work reliably in the harsh environment
logging tools operate and at the same time, supply the required performance in terms of detection
efficiency, count-rate capability, and neutron-gamma discrimination, it would take a significant
effort to develop alternatives. There are three key steps in the process: 1) developing and
qualifying a replacement technology, 2) rolling out of this technology out into fully engincered
and characterized commercial tools for use/field trials by oil companics, and 3) getting
acceplance of the quality of resultant measurements by the users.

Sehlumberger: In their input to me on this question, Schlumberger “hoped" that they can

develop a qualified repl; hnology within 3 years. Once they have a qualified
technology, they need to engineer it into a down-hole logging tool. This step would involve, 1)
imizi to for undesirable sensitivities (such as salinity or stand-

off), 2) fully characterizing the response, and 3) the new technology, which is likely to introduce
some differences in tool response, being accepted by the clients as giving the response they
desire and can use. They noted that a normal design cyele for this phase is likely to be 5-7 years.

Since there are several tool configurations for the many different envi and appli
several iterations would be required through this second step. Since one can't work on all the
issues simultaneously, it will take additional time to change or replace the entire fleet of neutron
tools with a new technology. Thus, my Schlumberger coll i that this would take
at least 12 years from the time that they have a new neutron detector technology and it would
cost in excess of $100 Million.

Halliburton. They estimate that replacement with different logies for new equi

would require about a 1.5 Million in for the first re-engineering and perhaps $800K for

each instance thereafter. In Halliburton, with nine instances, this would amount to $8 Million.
Industry-wide, using Halliburton's market share numbers , a total re-engineering cost of $50
Million is postulated by my Halliburton colleagues.

They further estimate that the incremental cost of each unit produced would be about $60K for
LWD and about 30K in wireline for an additional cost to Halliburton of $12 Million annually
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for new production. Converting industry-wide, using the markel-share numbers, gives about $60
Million incremental cost per year for new builds.

From the above discussion it is clear that shortage of He-3 will have a severe impact on the
peLro!enrn mdustry and thus on the US and world economy. The timing of the occurrence of this

isp as shale-gas reservoirs are becoming a key part of world's
rcduccd carbon l:m:rgy sources and neutron detection is the most reliable way to detect gas and
quantify gas volumes. Consequently, without the He-3 d ion system, the inty in
reserves and of oil companies could i significantly and oil-service companies
will be unable to provide quality measurements in a timely manner. Small service companies
and operati panies will be particularly affected.

The industry is looking at alternatives to He-3, but all current potential allernatives would require
R&D to reduce or eliminate their limitations. This will require a one to ten year window to
develop and implement alternatives at a cost of $50 million to $100 million. The smaller
vendors are unlikely to be able ufford such costs. | believe that industry-government
collaboration will be needed to address the impact of He-3 shortage.

My colleagues and | thank you, Mr. Chairman and the Sul ittee for the opp ity for
providing input on a key issue to the indusiry with the p ial to ad ly affect the y
unless it is addressed appropriately and in a imely manner. We will be happy to further address
technical questions based on the input in this letter.

Best regards,

\E,.,at' yEm il g =2

ed Badruzzaman, Ph, D; Fellow of Am. Nucl, Sce.
Coordinater, SPWLA Nuclear SIG

306 Shavano Way

San Ramon, CA 94583

Tel: (925) 842-1043 (Work)
(925) §28-3342 (Home)

Ahmed Badrazzaman is o Senior StafT Research Scientist and the Nuclear R&D Leader 91 Chevron Energy Techaology Co, San
Raman, CA. He has also taughs, part-time, a gradu , Subs Nunclear Technology, at the D of Nuclear
Ergincering at University of California, Bericeley, CA, since 2001. He is a Fellow of American Nuclear Society and wasa
Distinguished Lecturer of the Socicty of Petroleum Engincers (2006-2007) and Distinguished Speaker of the SPWLA (2002-
2003). He camed a Ph, D in Nuclear Engincering and Science fram Rersselaer Palytechnic Institute, Tray, NY, in 1979,

Disclalmer: This letter is based technical input col Dr. Bud from his in the SPWLA Nuelear SIG
and his own views, all as individual experts. Iis contents are not intended 1o reflect these of their emplayers, organeations they
arc affiliated with or of the SPWLA.
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April 19, 2009

Attachment A to Letter by A | 10 House Sul ittec on 1 igations & Oversight

Committee on Science & Technology

Nuglear tools sre compact devices used to interrogate the suhsurl'ace mcd a, along with ot'h:r subsurface
devices (electrical, sonic, magnetic resonance, ete), to locate by Teserves,
and make production decisions, Two major types of nuclear instruments an: used to pmbq.' the subsurface
lor fluid and rock propertics during exploration and development of a field. One uses a photon source
and measures formation density from which one computes the porosity, the formation volume that is
porous and thus can hold 2 fluid. The other nuelear ol uses @ neutron source to estimate a “neutron
porosity” which indi both the of hyd ‘bon fluids and of the *shaliness’ of the rock that
impacts flow behavior and the estimation of the porosity.

Neutron-density measurements are coupled to indicate gas; in fact the neutron measurement is the best
gas indicator. For lower quality reservoirs, a sonic- neutron overlay is essential.  The (thermal) neutron
measurement i3 about twice as sensitive o gas at reservoir condition as the companion formation density
measurement. Thus, the neutron measurement 15 central in estimating the total porosity in gas-bearing
formations.

u inty in p b | cen result in large uncertainties in the reserves estimate end
producibility ol'n reservoir. For cxample, an error of ene porosity unit in a 15 porosity unit reservoir (Le.,
a reservoir with 15% of its volume being porous) with a nominal oil reserve of | billion barrels, will

introduce an uncertainty of 67 million barrels.
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. Lawrence Livermore National Laboratory

Darin Kinion, PhD
LLNL MS L-50
Livermore, CA 94550
April 16, 2010

Mr. Brad Miller

Chairman, Subcommittee on | igations & Oversight,
Committee on Science & Iechnolugy

U.S. House of Representatives

Dear Chairman Miller:

I am writing to you to describe the impact of the Helium-3 shortage on my research
program at Lawrence Livermore National Laboratory. | am in the middle of a program
sponsored by IARPA to develop superconducting materials and readout for Quantum
Computing applications. The overall aim of the program is to develop new, powerful
types of computers which hnv: sngml’canl applications to national security. These

rely on On ics, and must operate at temperatures within a few
Ihousundths ofa d:grc: from absolute zero. To reach these temperatures requires an
instrument called a dilution refrigerator which uses a mixture of Helium-3 and Helium-4
gases to reach ultra-low temperatures.

As part of my research program | pLuo:d an ord:r with Janis Instruments to purchase a
dilution reffi This in turn reg with Spectra Gases to supply the
required 23 liters of He-3 gas. In carly Octobc.r 2009, a request for approval to release
the gas was submitted. With no response to the first request, a second request was
submitted in November 2009. As of today, there is still no response from either request,
and no He-3 has been supplied. Janis Instruments was Kind enough 1o loan me some gas
for testing, but my program is dependent on receiving the He-3 for continuation. It is not
reasonable for me to consider a loan of He-3 gas a solution to my problem. Given the
size of the research program | am part of, the stockpile at Janis would be completely
depleted in a short period of time if other groups were forced to rely on a similar loan,
There is no doubt that the shortage is real, and that all users of Helium-3 can expect some
impact in terms of cost and delivery schedule. A major problem right now is a lack of
information regarding the process and guidelines to be foll 1. Anapp | process
was seemingly in place, but six months have passed with no feedback. In a four year
research program, this is a major burden. Working on a intelligence backed activity at a
National Laboratory, | am a bit surprised at the trouble | am facing from the Department
of Energy.

As part of a detector group at LLNL which works on the detection of special nuclear
materials, | am aware of the desirability of Helium-3 for these applications. However, @

Fcyrin
THO-1230

An Equal Opportunity Emplayer » Lawrence Livermore National Security, LLC » Operated for the US Department of Energy
PO, Box 808 Livermare, California 84551-0808 « Telophone (§25) 422-1200 « hitp:fiwww linl gav
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Mr. Brad Miller
April 16, 2010

there is one point that [ specifically want to get across to the committee: there are

al alternatives for the SNM detectors, but there is NO alternative for dilution
igerators. The mixture of Helium-3 and Helium-4 is unique, and no other method is

available for reaching ultra-low temperatures,

I would also like to pass along a couple of thoughts related to my experiences in low-
temperature physics. First, | hope that recycling efforts are part of either this hearing or
one in the near future. | have seen a number of retired instruments around, and with the
current shortage it could easily be worth the time and effort 1o retrieve the He-3 gas. |
would be very interested to know the amount of gas that is sitting in storage vessels in the
comers of laboratories around the country. The second thought is that by necessity,
dilution refrigerators are built to be extremely leak-tight, and the amount of He-3 gas is
constantly monitored. The loss rate is very low. With new applications, it should be
very important that all users treat the gas as a precious resource.

Thank you for the opportunity to explain my situation, | regret that [ could not be there in
person for this important discussion. | would like to stress the need for a process to be in
place that allows scientists to better estimate costs and delivery times when He-3 gas is
involved before embarking on a major research endeavor. [ will conclude by again
stating that Helium-3 gas is a precious resource and there is no alternative for scientists
who require ultra-low temperatures and the businesses that build the instruments, Please
feel free to contact me if you need any assistance regarding this issue.

Sincerely,

Darin Kinion

Physicist, Science & Technology Directorate
LLNL

(925) 422-8798

kinion | @linl.gov

Chairman MILLER. The Chair now recognizes our Ranking Mem-
ber from Georgia, Dr. Broun, for his opening statement.

Mr. BROUN. Thank you, Mr. Chairman.

Let me welcome our witnesses here today and thank you all for
attending. I wish I could say that I was glad that we are holding
this hearing, but unfortunately, I am not.

During a hearing last fall, as the Chairman has already men-
tioned, the hearing was on the Domestic Nuclear Detection Office’s
ASP program, Advanced Spectroscopic Portal program. This Sub-
committee was notified of the state of the Nation’s helium-3 supply
and the shortfall’s effects on our national security, particularly in
nuclear detection. This by itself was a troubling revelation, but the
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impact of insufficient helium-3 supplies is not limited to the na-
tional security sector. Medical treatments, oil and gas exploration,
cryogenics and other research endeavors have all come to depend
upon helium-3 because of its historical abundance as a byproduct
of our nuclear weapons program.

For years helium-3 was a cheap and plentiful resource that was
ideal for many applications because of its intrinsic properties. Until
only recently the United States was continually building up its
stockpile but a number of issues combined to change that trend.
The breakdown of our Nation’s nuclear weapon stockpile after the
Cold War, the increased priority on domestic nuclear detection
brought about by September 11, 2001, the demand created by neu-
tron scattering facilities and Russia’s decision to cease exports all
combined to create the perfect storm for helium-3. DHS, DOE,
DOD initiated processes to limit demand, ration existing supplies
and find alternatives but these actions were after the fact. As this
Committee has seen before with rare earth elements, medical iso-
topes and plutonium-238, mitigation efforts were taken after the
crisis has already emerged.

In the future, the Federal Government needs to do a better job
of projecting both the demand for isotopes in its control and its own
needs of those isotopes and elements that are not. This becomes
even more important with the President’s recent nuclear arms re-
duction pact with Russia.

I look forward to working with the Chairman to ensure that the
Federal Government does a better job of predicting and mitigating
these supply shortages. I congratulate the Chairman on his efforts
to help do just that.

To this end, I hope that the agencies assist this Committee in
meeting its oversight responsibilities in a more cooperative fashion.
To date, the documents provided to this Committee in response to
the Chairman’s request contained unexplained redactions. It is also
my understanding that not all documents have been provided. In
order for this Committee to do its work, the agencies and the Ad-
ministration need to either provide the documents requested or
claim a legally recognized privilege so that we can move forward.
I hope we will see some radical changes on that issue.

Thank you, Mr. Chairman, and I yield back the balance of my
time.

[The prepared statement of Mr. Broun follows:]

PREPARED STATEMENT OF REPRESENTATIVE PAUL C. BROUN

Let me welcome our witnesses here today and thank them for appearing. I wish
I could say that I was glad we were holding this hearing, but unfortunately I'm not.

During a hearing last fall on the Domestic Nuclear Detection Office’s (DNDQO’s)
Advance Spectroscopic Portal Program (ASP), this subcommittee was notified of the
state of the Nation’s helium-3 supply and the shortfall’s effect on national security—
particularly nuclear detection. This by itself was a troubling revelation, but the im-
pact of insufficient helium-3 supplies is not limited to the national security sector.
Medical treatments, oil and gas exploration, cryogenics, and other research endeav-
ors have all come to depend on helium-3 because of its historical abundance as a
byproduct of our nuclear weapons program.

For years, helium-3 was a cheap and plentiful resource that was ideal for many
applications because of its intrinsic properties. Until only recently, the U.S. was con-
tinually building up its stockpile, but a number of issues combined to change that
trend. The drawdown of our nation’s nuclear weapons stockpile after the cold war;
the increased priority on domestic nuclear detection brought about by September
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11th, 2001; the demand created by neutron scattering facilities; and Russia’s deci-
sion to cease exports all combined to create the perfect storm for helium-3.

DHS, DOE, and DOD initiated processes to limit demand, ration existing supplies,
and find alternatives, but these actions were after the fact. As this committee has
seen before with rare earth elements, medical isotopes, and plutonium-238, mitiga-
tion efforts are taken after the crisis has already emerged. In the future, the federal
government needs to do a better job of projecting both the demand for isotopes in
its control, and its own needs of those isotopes and elements that are not. This be-
comes even more important with the President’s recent nuclear arms reduction pact
with Russia.

I look forward to working with the Chairman to ensure that the federal govern-
ment does a better job of predicting and mitigating these supply shortages. To this
end, I hope that the agencies assist this committee in meeting its oversight respon-
sibilities in a more cooperative fashion. To date, the documents provided to the com-
mittee in response to the Chairman’s requests contain unexplained redactions. It is
also my understanding that not all documents have been provided. In order for this
committee to do its work, the agencies and the Administration need to either pro-
vide the documents requested, or claim a legally recognized privilege so that we can
move forward.

Thank you, I yield back the balance of my time.

Chairman MILLER. Thank you, Dr. Broun.

All additional opening statements or any additional opening
statements submitted by Members will be included in the record.
Without objection now, I would enter a packet of documents into
the record.! The majority of those materials were drawn from the
documents produced by the Department of Homeland Security and
the Department of Energy in response to the request, the Sub-
committee’s request on March 8, 2010. As is our common practice,
those materials were shared between the majority and minority
staffs before the hearing.

Panel I:

Chairman MILLER. I am now pleased to introduce our witnesses
today. Dr. William Hagan is currently the Acting Director of the
Domestic Nuclear Detection Office, DNDO, the Department of
Homeland Security. Dr. William Brinkman is the Director of the
Office of Science at the Department of Energy and has been in his
position at DOE since 2009.

As our witnesses should know, you each will have five minutes
for your spoken testimony. Your written testimony will be included
in the record for the hearing. When you have all completed your
spoken testimony, we will begin with questions and each member
will have five minutes to question the panel.

It is our practice to receive testimony under oath. Do any of you
have any objection to taking an oath? The record should reflect
that all the witnesses nodded their head that they did not. You also
have the right to be represented by counsel. Do any of you have
counsel here? And the record should reflect that all the witnesses
nodded their head that they did not have counsel present. If you
would all please now stand and raise your right hand? Do you
swear to tell the truth and nothing but the truth?

Dr. Brinkman, would you introduce Dr. Aoki just quickly?

Dr. BRINKMAN. This is Dr. Steven Aoki, who is from the NNSA,
part of the DOE, and I want him to be here to represent his half
if you have questions.

1Please see Appendix 2: Additional Material for the Record.
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Chairman MILLER. Okay. Well, he has just taken the oath, so not
only will what you tell us be under oath but what he tells you will
be under oath as well. You should do that with your staff all the
time. I should try it with mine.

Mr. BROUN. Mr. Chairman, I ask unanimous consent that we
allow Mr. Rohrabacher to sit in on this hearing.

Chairman MILLER. Without objection.

Okay. The record should reflect that all the witnesses and the
witnesses’ helpers have taken the oath, and we will start with Dr.
Hagan. Dr. Hagan, you are recognized for five minutes.

STATEMENT OF DR. WILLIAM HAGAN, ACTING DIRECTOR, DO-
MESTIC NUCLEAR DETECTION OFFICE, DEPARTMENT OF
HOMELAND SECURITY

Dr. HAGAN. Good morning, Chairman Miller, Ranking Member
Broun and distinguished Members of the Subcommittee. On behalf
of DNDO, I would like to thank the Committee for the opportunity
to discuss the helium-3 supply. My testimony today will address
the following points: what was done at the beginning of the Ad-
vanced Spectroscopic Portal program to ensure there was adequate
supply of helium-3, how we became aware of the shortage of he-
lium-3, how we responded to it, the impact of the shortage on
DNDO’s programs and the status of the work to identify alter-
native neutron detection technologies.

In the past, helium-3 was a relatively low-cost commodity and its
use has increased greatly in recent years. Its increased demand
was driven largely by the expanded use of large radiation portal
monitors that are being deployed around the world. An RPM con-
sists of a neutron detector using helium-3 gas in tubes and a
gamma detector using a plastic scintillator. In addition, helium-3
is used in scientific research and medical and industrial applica-
tions.

Unfortunately, as the demand was rising, the supply was declin-
ing. The current and future helium-3 supply will fail to satisfy the
demand of interagency partners and the commercial sector.

In February 2006, as DNDO was planning for the Advanced
Spectroscopic Portal program, program staff contacted DOE to en-
sure adequate supplies of helium-3 for up to 1,500 systems over
five years. At that time there was no indication that the supply of
helium-3 would be problematic. Similarly, vendor responses to the
ASP request for proposals showed no concerns over the availability
of helium-3 to meet manufacturing needs.

DNDO first became aware of the potential problem with helium-
3 supply in the summer of 2008. However, it was unclear whether
the problem was a result of delays in the supply chain or an actual
shortage of helium-3. In the fall of 2008, DOE issued a report
verifying existence and seriousness of the overall supply shortfall.

In February of 2009, DNDO took the lead in forming an inter-
agency helium-3 Integrated Product Team, or IPT, with participa-
tion of major users of helium-3 for neutron detection applications.
The IPT aimed to assess the true impact of the shortage and to en-
sure that the most crucial government and commercial programs
would receive helium-3. DNDO had simultaneously begun negotia-
tions in January 2009 to secure helium-3 for its programs. The sale
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was finalized in June, but one month later DNDO ceded control of
the helium-3 to be allocated in accordance with interagency deter-
minations.

Further, in September, DNDO ceased to make any new alloca-
tions of helium-3 for RPMs. Based on current funding and guid-
ance, however, the helium-3 shortage has had no appreciable short-
term impact on the deployment of RPMs. The program has a suffi-
cient inventory of systems to support deployments through 2011.
Additionally, a number of technical and management solutions are
further reducing potential impacts. For instance, if ASP units are
certified, the helium-3 from the existing RPMs that are being re-
placed can be reused in the ASP units.

Devices that wutilize smaller volumes of helium-3 such as
handhelds and backpacks may also be impacted by this shortage.
To mitigate the impact, industry has been purchasing helium-3
from other sources and recycling gas from obsolete equipment.
However, a redesign of current equipment to utilize new neutron
technologies will eventually be necessary, and DNDO plans to work
with industry to catalyze this development. DNDO will also request
modest allocations from the government stockpile to continue de-
ployment of these systems until alternatives are available.

DNDO has been funding programs to identify alternative neu-
tron detection technologies for several years. However, because he-
lium-3 was widely available until only recently, alternatives are
still somewhat early in their development. DNDO is working with
the commercial sector to identify technologies that have potential
for near-term commercialization and recently tested several avail-
able alternatives. DNDO has also accelerated exploratory research
projects to identify other potential materials suitable for neutron
detection. I brought a few examples here on the table today if you
would like to discuss later.

My testimony has outlined the course of action DNDO took to
initially ensure the availability of helium-3 when we became aware
of the shortage, the steps we took in response, the impacts of the
shortage and the alternative technologies under development.
Chairman Miller, Ranking Member Broun and Members of the
Subcommittee, I thank you for your attention and we will be happy
to answer your questions.

[The prepared statement of Dr. Hagan follows:]

PREPARED STATEMENT OF WILLIAM K. HAGAN

Introduction:

Good morning Chairman Miller, Ranking Member Broun, and distinguished mem-
bers of the Subcommittee. As Acting Director of the Domestic Nuclear Detection Of-
fice (DNDO) at the Department of Homeland Security (DHS), I would like to thank
the Committee for the opportunity to discuss the helium-3 (He-3) supply.

As requested, my testimony today will address the following points:

e How we became aware of the shortage of He-3;

e How we responded to it;

e What was done at the beginning of the Advanced Spectroscopic Portal (ASP)
program to ensure there was an adequate supply of He-3 to meet the pro-
gram’s needs;

e The impact of the shortage on DNDQ’s radiological and nuclear detection pro-
grams; and
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e The status of the work we are doing to identify alternative technologies to re-
place He-3 as a neutron detector.

Since National Security Staff has recently briefed the Committee staff regarding
the He-3 shortage, I have limited my remarks today to DNDO actions related to He-
3.

Helium-3 Supply

The United States’ supply of He-3 has traditionally come from the decay of trit-
ium, which the nation previously produced in large quantities as part of the U.S.
nuclear weapons enterprise. The suspension of U.S. production of tritium in the late
1980s, however, resulted in a reduction in the amount of He-3 available for harvest.
Currently, a significant portion of He-3 is used for neutron detection to aid in the
prevention of nuclear terrorism. He-3 has become the overwhelmingly predominant
technology used for this purpose; the Departments of Homeland Security, Defense
(DoD), and Energy (DOE) each have nuclear detection programs that use He-3-
based sensors. Additionally, He-3 is finding increasingly widespread use in areas be-
yond homeland security, including scientific research, medical, and industrial appli-
cations. Some of these applications may require relatively large volumes of He-3 for
which there may be no known alternative. In the past, He-3 was a relatively low-
cost commodity, and its use increased particularly with the advent of large radiation
portal monitors both domestically and abroad. The limited supply of He-3, which is
based on the nation’s current stores of tritium, has been overwhelmed by this in-
crease in demand. The current and future He-3 supply will fail to satisty the de-
mand of interagency partners and the commercial sector. Only approximately one
tenth of the current demand for He-3 will be available from DOE/National Nuclear
Security Administration (NNSA) for the foreseeable future, and neutron detectors
using He-3 are already becoming difficult to procure.

Since the inception of DHS in 2003, the majority of He-3 used was for the Radi-
ation Portal Monitor (RPM) program. An RPM consists of a neutron detector, using
He-3 gas in tubes, and a gamma detector, using large slabs of plastic scintillator.
When DNDO was established in 2005, the RPM program was transferred from U.S.
Customs and Border Protection (CBP). In FY 2006, when preparing to start a pro-
gram for an advanced portal system, called the Advanced Spectroscopic Portal
(ASP), DNDO met with DOE to discuss strategic resources that would be required
for the ASP. DOE gave no indication that the supply of He-3 would be problematic,
even with the amount of units we were envisioning.

Until recently, DHS acquired systems using He-3 by publishing an RFP and then
reviewing responses to select a vendor or vendors. The bidders, in preparing their
responses, would check the resources required to fulfill the order, including He-3.
When this process was used at the beginning of the ASP program, none of the pro-
posals indicated any issue with He-3 supply.

In the summer of 2008, DNDO first became aware of a potential problem with
the He-3 supply through an email from a neutron detector tube manufacturer. Al-
though DNDO investigated this issue, it was initially unclear whether the problem
was a result of delays in the supply chain or an actual shortage of He-3. DOE,
which traditionally has been responsible for managing and allocating the supply of
He-3, issued a report verifying the existence and seriousness of the overall supply
shortfall in the fall of 2008.

In February 2009, DNDO took the lead in forming the He-3 Interagency Inte-
grated Product Team (IPT), with participation of DOE/NNSA and DoD, to assess the
true impact of the shortage and to ensure that the most critical government and
commercial programs would preferentially receive He-3. The IPT also began explor-
ing opportunities to manage the existing He-3 stockpile; increase the supply of He-
3; account for the entire demand for He-3; investigate alternative technologies to re-
place He-3 for neutron detection; adapt old technologies for retrofit into existing
equipment; and examine policy issues that may impact the use, distribution, or pro-
duction of He-3.

The IPT took steps to secure the He-3 necessary for high-priority programs, which
included the RPM Program. DNDO also began negotiations in late January 2009 to
secure He-3 for the ASP and other DNDO programs. This He-3 sale, which would
have covered initial deployments of ASP, was finalized in June 2009. In July 2009,
DNDO ceded control of this He-3 purchase to the National Security Staff Inter-
agency Policy Committee to be allocated in accordance with interagency determina-
tions in order to optimally satisfy the competing needs of He-3 users. As the He-
3 is allocated to other agencies and departments, DNDO will be financially reim-
bursed. DNDO has continued to coordinate with interagency efforts to manage the
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He-3 shortage and actively participates in interagency working groups to address
He-3 supply, demand, alternative technologies, and policy.

Impact of the Helium-3 Shortage

Because of the volume of He-3 required in the construction of RPMs and the de-
sire to make sure that He-3 was being used for the highest interagency priorities,
DNDO ceased to allocate any additional He-3 for RPMs in September 2009. Based
on current funding and guidance for the RPM Program, the He-3 shortage has had
no appreciable impact on the deployment of systems in FY 2010. The program has
a sufficient inventory of RPM systems with He-3 tubes available to support deploy-
ments through FY 2011. Additionally, a number of solutions—including both the
identification of new detector materials and management solutions to most effec-
tively utilize existing supplies—are yielding results. If ASP units are certified for
secondary scanning applications, DHS can reuse the He-3 from the existing RPMs
that are being replaced and use it for the ASP units. Simultaneously, DNDO is lead-
ing interagency efforts to identify alternative neutron detectors that may eventually
replace He-3 in these applications.

While other devices (for example, handheld radioisotope identification devices and
backpack detectors used by the U.S. Coast Guard, CBP and the Transportation Se-
curity Administration) use smaller volumes of He-3, they are also impacted by this
shortage. To mitigate the shortage and ensure supply to government customers, in-
dustry has been purchasing He-3 from other sources, such as private companies that
have stored He-3, and recycling gas from obsolete equipment. This has offset some
of the shortfall in the near-term, but a redesign of current equipment will be nec-
essary over the next several years, once new neutron detection technologies have
been identified. As such, DNDO plans to work with the device manufacturers to de-
velop new technologies, integrate them into systems, and test them for suitability
in the field. In the meantime, DNDO will also request modest allocations from the
government stockpile to continue deployment of current human portable systems
until alternatives are available.

Alternative Neutron Detection Technologies

As I mentioned earlier, the U.S. government is also exploring options to resolve
this situation through the development of new types of neutron detectors. DNDO
is at the forefront of these efforts and had been funding programs to address alter-
native neutron detection technologies as part of their mandate, prior to any knowl-
edge of the He-3 shortage. We are also working with the interagency to engage the
technical, commercial, and international communities to solicit ideas to address al-
ternative materials for neutron detection. We are confident that the government,
private industry, and international stakeholders are making progress on a prudent
path forward. At present, we are working with the commercial sector to identify al-
ternative detection products that have potential for near-term commercialization.
Our DNDO Exploratory Research projects that address other detection materials
with neutron capabilities have also been accelerated.

DNDO recently tested many known commercial off-the-shelf (COTS) and near-
COTS alternatives for neutron detection and remains committed to working with
the interagency to identify potential solutions. For RPMs that require large volumes
of He-3, four technologies have been identified as being potentially viable can-
didates. Boron Trifluoride (BF3)-filled proportional counters were widely used for
neutron detection before He-3-based detectors were available. DNDO conducted test-
ing at a national laboratory to compare the performance of BF3z with the perform-
ance of He-3; while this testing validated the neutron detection capabilities of BF3
as a low cost replacement technology, we continue to seek additional alternatives
because the hazardous material classification of BF3 makes it less attractive for end
users.

Other promising technologies under development include Boron-lined proportional
counters; Lithium-loaded glass fibers; coated non-scintillating plastic fibers; and a
new scintillating crystal composed of Cesium-Lithium-Yttrium-Chloride, (Cs,LiYClg)
or CLYC, commonly pronounced “click”, that has both neutron and gamma detection
capabilities. Some of these new technologies may have neutron detection capabilities
that meet or even exceed the abilities of current He-3-based detectors. Before any
alternative is commercialized, we will check the availability of the key components
to avoid another shortage issue.

Since He-3 was widely available and relatively inexpensive until only recently, al-
ternatives are still somewhat early in their development, although these develop-
ment efforts have been accelerated in the last year or so. DNDO will continue fund-
ing of exploratory research and early development, testing of new COTS and near-
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COTS alternatives, and acquisition of samples of promising technologies for more
extensive testing and evaluation.

Chairman Miller, Ranking Member Broun, and Members of the Subcommittee, I
thank you for your attention and will be happy to answer your questions.

BIOGRAPHY FOR WILLIAM K. HAGAN

Dr. William Hagan is the Acting Director of the Domestic Nuclear Detection Of-
fice (DNDO), a position he has held since December 2009. Prior to this position, Dr.
Hagan served as the Acting Deputy Director from January through December 2009.
Dr. Hagan was initially appointed to the Senior Executive Service and joined DNDO
in 2006 as the Assistant Director for Transformational Research and Development
(R&D), where he was responsible for long-term R&D, seeking technologies that can
make a significant or dramatic positive impact on the performance, cost, or oper-
ational burden of detection components and systems.

Prior to DNDO, Dr. Hagan had a long career with Science Applications Inter-
national Corporation (SAIC), where he worked from 1977 through 2006. He served
in many positions during his tenure with SAIC, culminating with a position as the
Senior Vice President and Deputy Business Unit Manager for Operations of the Se-
curity and Transportation Technology Business Unit (STTBU). Specifically, STTBU
focused on securing the supply chain by applying technologies such as neutron inter-
rogation, gamma- and x-ray imaging, passive radiation detection, ultrasound, radio
frequency resonance, and chemical agent detection using data fusion of ion mobility
spectrometry and surface acoustic waves. The radiation portal monitors that are
currently used to screen 99% of all cargo entering the country were built by STTBU,
using technology from a company whose acquisition was led by Dr. Hagan in 2003.

Previous positions with SAIC included work as a senior scientist, operations man-
ager, Group Manager of the Technology Development Group (TDG) of the SAIC’s
Commercial Business Sector, and Senior Vice President for Technology Commer-
cialization and acting Chief Technical Officer for SAIC’s Venture Capital Corpora-
tion.

Dr. Hagan earned a Bachelor of Science in Engineering Physics in 1974, Master
of Science in Physics in 1975, and Master of Science in Nuclear Engineering in 1977
from the University of Illinois at Urbana. He received his Ph.D. in Physics from the
University of California—San Diego in 1986. He holds three patents.

Chairman MILLER. Thank you.
Dr. Brinkman, you are now recognized for five minutes.

STATEMENT OF DR. WILLIAM BRINKMAN, DIRECTOR OF THE
OFFICE OF SCIENCE, DEPARTMENT OF ENERGY

Dr. BRINKMAN. Thank you. Thank you, Chairman Miller, Rank-
ing Member Broun and Members of the Committee. I appreciate
the opportunity to come before you and provide testimony on DOE’s
action in response to the national helium-3 shortage.

Within the DOE, both NNSA and the Office of Science play a role
in helium-3 production. NNSA provides the helium-3 supply and
the Isotope program now within the Office of Science distributes
helium-3 from NNSA to the marketplace. Even before the DOE Of-
fice of Science assumed responsibility for the Isotope program in
fiscal year 2009, we undertook measures to educate the various
communities of users including national security, medical, indus-
trial and research communities of isotope shortages in general.

Our Office of Nuclear Physics within the Office of Science orga-
nized a major workshop in August 2008. The purpose of this work-
shop was to identify critical isotopes for the Nation that are in
short supply. Following this workshop, the community of users be-
came aware of the imminent shortage of helium-3 and the DOE
began coordinating future allocations of helium-3 with other agen-
cies. We and others in the government have reinforced this mes-
sage through presentations at major scientific societies including
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the i&merican Association for the Advancement of Science, for ex-
ample.

Since assuming responsibility for the Isotope program one year
ago, the Office of Science has worked very closely with NNSA and
other federal agencies to develop a coordinated response. In March
2009, we joined NNSA, DOD and DHS to form an interagency
group with the purpose of identifying demand, supply and R&D op-
tions for the future. Since July 2009, this interagency effort has
been under the auspices of an official Interagency Policy Com-
mittee formed by the White House national security staff.

Our approach has been straightforward. We have reached out to
the various communities that use helium-3 and asked them to re-
fine their needs in light of the shortage so that we can allocate re-
sources as rationally as possible across various sectors. We also
identified portal monitors as a vital but disproportionate source of
demand for helium-3 and recognized the need for alternative detec-
tion technologies. These alternative detectors, although not quite as
good as helium-3, will enable us to support these applications with-
out the use of helium-3 and will provide our country with a strong
nuclear detection program. We are cautiously optimistic that alter-
native detection approaches can be evaluated and put into produc-
tion in the next few years, avoiding major disruption of planned de-
ﬁloyment of portal monitors as seen by the evidence on the table

ere.

We worked hard to develop accurate needs for other communities
that use helium-3, cryogenic research, lung imaging and other com-
munities, and found that with recycling the helium-3 we could fur-
ther reduce the demand. The guidance developed by the IPC for al-
location of available helium-3 supply assigns high priority to sci-
entific applications that depend on the unique physical properties
of the isotope.

Working on the supply side, we have developed a plan that will
allow us to keep in balance the supply and demand for the next
five to six years. To do this, we need to increase our supply by one
of two approaches. The first would be to use helium-3 that results
from heavy-water reactors that exist around the world but particu-
larly in Canada. The second would be to produce commercial trit-
ium using the current infrastructure but separately from the weap-
ons program and harvest the helium-3 from tritium decay. We are
currently getting cost estimates, et cetera, for these two ap-
proaches. If we can capture the helium-3 from Canada, we believe
that we have a balanced program over the next five to six years.

Another possibility is extracting helium-3 from helium sources
such as natural gas deposits. Since the fraction of helium-3 cap-
tured from natural gas wells is only 200 parts per billion, further
study is needed to determine whether this approach can be cost
competitive. We believe we have organized a well-defined proactive
interagency approach to meeting this challenge and mitigating its
impact to the extent possible. Thank you.

[The prepared statement of Dr. Brinkman follows:]

PREPARED STATEMENT OF WILLIAM F. BRINKMAN

Thank you Mr. Chairman, Ranking Member Broun, and Members of the Com-
mittee. I appreciate the opportunity to appear before you to provide testimony on
the DOE’s role and reaction to the national Helium-3 (3He) shortage. Both the Na-
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tional Nuclear Security Administration (NNSA), and the DOE Isotope Development
and Production for Research and Applications Program (Isotope Program) recently
transferred to the Office of Science in the FY 2009 Appropriation, play a role in He-
lium-3 production and distribution. I have served as the Director of the Office of
Science since June 2009, and I am pleased to share with you my perspectives on
the role of the DOE Isotope Program in 3He production and distribution.

Overview of the Role of DOE in Helium-3 Production and Distribution

The DOE has supplied isotopes and isotope-related services to the Nation and to
foreign countries for more than 50 years. Since its transfer to the Office of Science
in 2009, the Isotope Program has continued to produce a suite of isotopes for re-
search and applications that are in short supply, as well as technical services such
as target development, chemical conversions, and other isotope associated activities.
As part of this mission, the Isotope Program is responsible for the sale and distribu-
tion of 3He on behalf of DOE, but not for the production of 3He. 3He is a rare, non-
radioactive and non-hazardous isotope of helium. Due to its low natural abundance,
recovery from natural deposits has not been economically viable thus far. Instead,
the sole production of 3He in the United States results from the refurbishment and
dismantlement of nuclear weapons. The natural radioactive decay of tritium used
in these weapons creates 3He, which is separated and stored during processing at
the NNSA Savannah River Site (SRS) in South Carolina. To date, the only other
commercial source of 3He has been from the decay of tritium that was produced
within the former Soviet Union for its nuclear weapons program. Because the pri-
mary, current source of 3He is the decay of tritium, current supplies of this impor-
tant gas are limited by the quantities of tritium on hand and being produced. With-
out development of alternative sources for 3He, use of this gas will be constrained
seriously in the foreseeable future as accumulated stockpiles are drawn down.

The U.S. distribution of 3He for commercial consumption started in 1980. 3He pro-
duction for commercial use, has never been a mission of the DOE. However, DOE
made this byproduct of its operations available to scientific and industrial users at
a price designed to recover extraction, purification, and administrative costs. Cur-
rently, the need for 3He in the United States is outpacing production.

The major application of 3He is for neutron detection, principally for national se-
curity purposes, nuclear safeguards measurements, oil and gas exploration, and in
scientific experimentation. It is the preferred detector material for these applica-
tions because it is non-reactive/non-corrosive and it has the highest intrinsic effi-
ciency for neutron detection. It is also important in low-temperature physics re-
search and increasingly in medical diagnostics. A major use of 3He in U.S. research
is for neutron detection in the Spallation Neutron Source (SNS), a one-of -a-kind,
accelerator-based neutron source that provides intense pulsed neutron beams for sci-
entific research, materials research, and industrial development. 3He is also used in
dilution refrigeration in low-temperature physics experiments; there is no known al-
ternative for this use.

The U.S. Government ceased reactor-based production of tritium for the nuclear
weapons stockpile in 1988. Due to the downsizing of the world’s nuclear stockpiles
and the increase in the demand for 3He, we have reached a critical shortage in the
global supply of 3He.

Realization of 3He Shortage

From 1980 to 1995, 3He collected by the NNSA at the Savannah River Site (SRS)
was purified at the Mound Laboratory along with other stable isotope gases for dis-
tribution by the Isotope Program. NNSA ceased operations at Mound, a laboratory
used primarily for weapons research during the Cold War, in 1995. Between 1980
and 2003, the SRS had accumulated about 260,000 liters of unprocessed 3He. For
security purposes, this total was closely held, and not known widely beyond DOE.
Sales of this raw 3He by SRS began in 2003 as a remediation test project with the
commercial firm, Spectra Gases (now named Linde LLC); Linde invested in excess
of $4,000,000 to establish purification capability of 3He. In August of 2003, NNSA
and the DOE Office of Nuclear Energy, in which the Isotope Program resided at
that time, entered into a Memorandum of Understanding for the sales of raw 3He
derived from tritium processing. On October 2, 2003, the first invitation to bid on
the sale of 2He was published in a FEDBIZOPS notice. There were three competitive
auctions from 2003 until 2006. Some of the 2006 shipment occurred in 2007 and
2008. There were a total of 146,000 liters supplied primarily to two vendors. During
this time period, the Isotope Program advised both vendors that the supply was lim-
ited to about 10,000 liters annually by NNSA. Between 2004-2008, an average of
25,000 liters of Russian 3He was entering the U.S. market annually. Since 2003,
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DOE has sold over 200,000 liters of 3He, drawing down a significant portion of the
Department’s inventory. In addition, allocations totaling 58,000 liters were provided
to SNS directly from NNSA in 2001 and 2008 in support of the high priority neu-
tron scattering basic research program.

In March 2006, Isotope Program was briefed by Systems Development and Acqui-
sition, Domestic Nuclear Detection Office (DNDO) on the development and acquisi-
tion of the deployment of their domestic detection system. The goal was to award
contracts by July 2006. There was discussion that additional 3He would be required
by DNDO, but final quantities could not be provided at that time. Some quantities
were discussed prior to the meeting, particularly taking into account the availability
at the time of additional supply from Russia. In the fall of 2007, vendors expressed
interest to the Office of Nuclear Energy Isotope Program about the timing of the
next bid of 3He and the probability of increased needs, but actual quantities were
not known. While it was becoming apparent that a gap between supply and demand
was emerging the magnitude of the projected demand was still unknown, as was
the future availability of 3He gas from Russia. A combination of 3He loading en-
hancements at SRS in 2007, which delayed 3He distribution capabilities, and a lack
of detailed information on demand caused the planned 2007 bid to be delayed.

In 2008, concerned that the overall demand would surpass the available supply,
even though the U.S. was not the sole source at the time, the Isotope Program de-
layed all further bid sales until additional information could be obtained. The Office
of Nuclear Physics, in anticipation of the transfer of the Isotope Program from the
Office of Nuclear Energy to the Office of Science, organized a workshop on the Na-
tion’s needs for isotopes for research and applications. This August 2008 workshop
was attended by national laboratories, universities, industry, and federal agencies,
including the Department of Homeland Security, and NNSA. At the workshop, the
community discussed a demand for 3He approaching 70,000 liters annually’. The
projected U.S. supply in the out years was estimated, at that time, to be about 8,000
liters annually. The results of the workshop were subsequently released in a report
to the interagency community. During the same time period, Russia ceased offering
3He to the commercial market, informing U.S. vendors that it was reserving its sup-
plies for domestic use.

DOE Response to 3He Shortage

With the estimated magnitude of the shortage becoming clear in August 2008, the
Isotope Program coordinated sales in 2008 among the Department of Homeland Se-
curity (DHS), the NNSA Second Line of Defense (SLD) program, and industry, and
did not distribute 3He through an open bid process. A briefing by the Isotope Pro-
gram was held at DHS, with attendance by Department of Defense, DHS and
NNSA, to discuss the projected 3He shortage. The DOE was instrumental in the de-
velopment of the self-formed interagency group that was established in March 2009,
with the objective of identifying the 3He demand and supply and R&D efforts on
alternative technologies.

DOE quickly implemented a number of actions. NNSA and Office of Science
agreed that no further 3He allocations would be made without interagency agree-
ment. Together with DHS, they decided not to provide additional gas for portal mon-
itor systems, which accounted for up to 80 percent of projected future demand. DOE
accelerated plans for the development and deployment of alternative neutron detec-
tion technology to reduce demand, with the aim to begin implementation within the
next few years. DOE started investigating the identification of new sources of 3He
from other countries, including Canada, which could increase the domestic supply
starting in two to three years. Together with DHS, DOE also started examining ad-
ditional new 3He production from either natural gas distillation or new reactor-
based irradiation. These options were seen as a long-term and expensive, but poten-
tially necessary if demand continues to outpace supply in the future.

A targeted public outreach campaign was instituted to help ensure that the 3He
user community was made aware of the current shortage. The DOE Isotope Pro-
gram published the Workshop Report, which articulated the 3He shortage, and
broadly disseminated the report to stakeholders and interested parties in December
2008. Both NNSA and the Office of Science made a formal inquiry in July 2009 to
national laboratories and universities supported by their programs, explaining the
shortage and asking for input on use, demand and alternatives. The public outreach
campaign included letters to scientific associations involved in cryogenics, nuclear
detection, medicine, and basic research, alerting them and their members of the
shortage. Dedicated 3He sessions at technical association meetings such as the
American Association for the Advancement of Science, National Academy of
Sciences, American Nuclear Society, Institute of Nuclear Materials Management
and Institute of Electrical and Electronics Engineers were arranged. The Isotope
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Program posted a fact sheet on the 3He shortage on both the Office of Nuclear Phys-
ics Website and the Isotope Business Office website in August 2009, notifying stake-
holders of the shortage and informing them of the interagency efforts.

In July 2009, the White House National Security Staff (NSS) formed an Inter-
agency Policy Committee (IPC), with broad federal representation, to investigate
strategies to decrease overall demand for 3He, increase supply, and make rec-
ommendations to optimally allocate existing supplies. Both NNSA and the Office of
Science are members of the IPC and the working groups that subsequently have
been formed. The DOE, through its Isotope Program, presently is distributing the
2010 allocations of 3He to federal and non-federal entities, based on the rec-
ommendation of the IPC. The allocation process gives priority to scientific uses de-
pendent on unique physical properties of 3He and to maintaining continuity of ac-
tivities with significant sunk costs. It also provides some supply for non-government
sponsored uses, principally oil and gas exploration. The Isotope Program is working
closely with 3He industrial distributors to ensure that the available He is being dis-
tributed in accordance with the Interagency Working Group decisions.

Preliminary results obtained by the interagency group, projected FY 2010 U.S. de-
mand to be 76,330 liters, far outpacing the total available supply of 47,600 liters
or projected annual production of 8,000 liters. Based on guidance developed by the
group, agencies have reduced their projected needs to 16,549 liters. A second review
produced further reductions to 14,557 liters for FY 2010. At a December 10, 2009
meeting, the task force agreed to allocate a portion of this revised amount.

To achieve this reduction in demand, DHS and DOE have agreed to make no new
allocations of 3He for use in portal monitors, which employ the largest quantities
of this material in the allocation process. The NNSA Second Line of Defense pro-
gram will continue carrying out its mission to deploy portal monitors, by using past
allotments that provide sufficient 3He to support SLD activities through early FY
2011.

Impact of 3He Shortage

International Safeguards

The current shortage has had the most severe impact on U.S. international safe-
guards efforts. Historically, due to the low cost of 3He, the U.S. has been the major
supplier of 3He in support of International Atomic Energy Agency (IAEA) safeguards
efforts. 3He is the neutron detector material in systems used for nuclear material
accountancy measurements that help assure that nuclear materials have not been
diverted. Except for the U.S. mixed oxide fuel (MOX) facility, which received its full
request, all other U.S. international safeguards support is currently on hold as a
result of the 3He supply shortage. Concern about undermining the U.S. Government
international safeguards efforts at the Japan MOX (JMOX) facility resulted in fur-
ther investigation of international options for 3He supply and verification of the
operational timeline for JMOX. The IAEA is currently reaching out to Member
States requesting they support JMOX by making 3He available. The U.S. has of-
fered to work with potential 3He suppliers on extraction processes. NNSA’s Office
of Nonproliferation and International Security also has been working with Japan on
an updated operational timeline. The original 2,800 liter request for FY 2010 has
been scaled back to 1,000 liters and approved.

In the case of international safeguards, it is DOE’s view that the shortage should
not be viewed as just a U.S. problem, but rather one that will require international
cooperation to solve. The U. S. has met with IAEA representatives, including Direc-
tor General Amano, and has obtained full and active IAEA support for outreach to
potential international suppliers. DOE also suggested that Russia provide 3He from
its reserves in support of these international safeguards efforts. The safeguards
community both in the U. S. and internationally has reexamined its 3He needs and
the timing of those needs, with a view to phasing in installation of detectors that
use non-3He technology, without negative impact to safeguards requirements.

Second Line of Defense (SLD)

Portal monitors have been the largest use of 3He in the past few years, accounting
for about one-third of the total annual use. Given that most of the alternative devel-
opment work is focused portal monitors, the IPC allocation process eliminated 3He
allocations for this use. Past FY 2011, this decision could potentially impact the
SLD program.

SLD has a sufficient number of 3He-loaded detection tubes to complete its planned
deployments through FY 2011. After that, SLD would be dependent on alternative
technology for neutron detection. However, boron tri-fluoride (BF3), the neutron de-
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tection technology in use before 3He became the preferred alternative, is toxic when
exposed to air, leading to difficulties with handling, international shipping, and de-
ployment of monitors in foreign locations. Several new neutron detection tech-
nologies are currently being tested by DHS and DOE. However, these need to be
brought to full deployment readiness, married with portal technology, and formally
tested by SLD for detection capability and robustness, in accordance with the SLD
mission and standards. It is estimated that two to three more years of development
will be required before detection systems based on these technologies will be avail-
able for deployment.

Other users

3He is used in support of lung imaging research. Constraining allocations or in-
creased gas costs may have an impact on future pulmonary research efforts, particu-
larly long term studies that use and provide historical data. For FY 2010, the med-
ical community received 1,800 liters of gas which supports current activities. The
medical research community is working with industry to recapture, recover and re-
cycle 3He used for pulmonary research.

3He is used as the refrigerant for ultra-low-temperature coolers for physics re-
search, such as nanoscience and the emerging field of quantum computing. 3He is
unique in that there are no materials other than helium that remain liquid at tem-
peratures closely approaching absolute zero, and 3He’s nuclear properties provide a
handle to do cooling that 4He doesn’t provide, allowing for cooling down to the milli-
Kelvin level. In FY 2010, the full U.S. cryogenics request for 1,000 liters was ap-
proved. The true impacts to both R&D and operational programs will be better
quantified in the upcoming months, as users with small volume requirements place
orders for their projects.

3He is a component of ring laser gyros, used in guidance and navigation equip-
ment utilized by the DoD for strategic and tactical programs. These systems are uti-
lized in guidance for smart munitions and missiles and in military aircraft and sur-
face vehicle and navigation systems. They are also used in space guidance and navi-
gation systems. 3He is required until current testing and qualification tests to assess
an alternative gas are completed.

3He plays an important role in basic research. Neutron scattering provides unique
information about the structure and dynamics at the atomic and molecular level for
a wide variety of different materials. Neutron scattering instruments have the re-
quirements of high efficiency, very good signal-to-background ratio, and high sta-
bility of signal and background. Many neutron instruments depend on the use of
3He detectors because of their insensitivity to gamma rays, which permits measure-
ments spanning very large dynamic ranges. They have high efficiency (>50%) for
thermal neutrons, and their high stability permits precise measurements over long
periods of time or with different sample conditions. No other detector technology
currently comes close to matching these capabilities. A number of the neutron scat-
tering instruments at the Office of Science High Flux Isotope Reactor (HFIR) and
the SNS at ORNL already use 3He-based detectors. The shortage has not yet im-
pacted the U.S. neutron scattering research community. It is projected that their
3He allocation will support experiments through FY 2014.

In addition, the international neutron scattering community is developing and in-
stalling new facilities that are projected to require approximately 120,000 liters of
new 3He over the course of this decade. The U.S. neutron scattering community has
been actively engaged with their international counterparts in investigating ways to
reduce the total demand, make better use of available supply, and develop alter-
native technologies. The U.S. has insisted that international partners take responsi-
bility for securing new sources of 3He, that the U.S. can no longer be the major sup-
plier satisfying these needs.

Alternative Sources of SHe
The DOE is pursuing multiple approaches to identify alternative sources of 3He.

Reuse and recycle

In the medium term (1-3 years), the focus is on investigating ways to increase
and/or improve use of 3He supplies. DOE programs, such as the Emergency Re-
sponse Program which uses backpack-sized 3He-based detection equipment for their
nuclear search mission, and the international safeguards program have instituted
recycle and recovery efforts. These efforts, have led to reductions in their overall de-
mands for new 3He by about 10 percent. Other programs, such as SLD, have been
able to reduce the total amount of 3He required in each system and still meet re-
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quired specifications. The Office of Science also has been developing recycling ap-
proaches for its uses of 2He.

To help identify stray inventories of 3He, DOE/NNSA and Office of Science have
issued a call to the laboratories and plants, directing that they inventory unused/
excess bulk 3He quantities and equipment containing 3He. This could be used in the
preparation of a DOE/NNSA recycling program that could be expanded to other gov-
ernment agencies. The DOE laboratories are analyzing the extraction process used
to remove 3He from tritium to determine if it can be further optimized. Savannah
River National Laboratory is developing a process to extract 3He from retired trit-
ium equipment that otherwise would have been discarded. The process may provide
as much as an additional 10,000 liters of 3He.

New supply

Tritium is produced by neutron capture in heavy-water-moderated reactors, such
as those used in Canada, Argentina and other countries. Because tritium is radio-
active, utilities using these types of reactors often need to separate and store tritium
in sealed containers, where it decays to produce 3He. Typically these containers
have been designed to support permanent storage, not future extraction. DOE/
NNSA is discussing with these countries how much, if any, 3He they have in storage
and how best to secure and make available. Investigations into possible ways to se-
cure that material include transporting the storage containers to the U.S. for extrac-
tion in the U.S. or licensing the U.S. extraction process at the foreign facility. These
are on-going negotiations; additional details can be provided once agreements have
been reached with potential partners. Based on preliminary estimates, DOE/NNSA
believes it would be possible to extract approximately 100,000 liters of 3He over a
7-year period. The results of technical feasibility and cost studies are expected to
be available by early FY 2011 as a basis for decisions by DOE and other interested
agencies.

Over the longer term, it may be possible to produce 3He rather than derive it as
a byproduct of other activities. DOE/NNSA is currently examining the feasibility of
two possible pathways. However, both of these options would require capital invest-
ment by DOE or another agency, and would likely involve a substantial increase in
the cost of 3He to the end user.

First, it may be possible to extract 3He from natural gas. A 1990 Department of
Interior (DOI) Study entitled, “Method and Apparatus for Direct Determination of
3He in Natural Gas and Helium” found wide variations in the amount of 3He at var-
ious drilling sites, ranging from less than 1 part per billion to over 200 parts per
billion.

Secondly, the NNA Office of Defense Programs is evaluating the cost and feasi-
bility of conducting reactor-based irradiations to produce tritium for the primary
purpose of subsequent 3He harvesting. This approach would utilize the facilities cur-
rently employed to generate tritium for the nuclear weapons stockpile. Although the
necessary infrastructure currently is in place, additional costs would be incurred for
target fabrication and subsequent processing. Because of the 12.3-year half life of
tritium, there would be a delay of a number of years before any new 3He would be-
come available.

Non 3He based detectors

In FY 2009, NNSA initiated a program to address the shortage of 3He that focuses
on non-3He replacement technologies for neutron detectors in portal monitors de-
ployed by the SLD Program. The NNSA Office of Nonproliferation and Verification
Research and Development has, for many years, been developing alternative neu-
tron detection technologies, but these efforts were not focused on portal monitoring
applications that require large-area detectors. Since FY 2009, this application has
become the principal focus of this neutron detection R&D program. Several prom-
ising technologies are being investigated that could supplement the use of the older
BF3 technology as substitutes for 3He neutron detectors.

Current Actions and Allocation Process for Helium-3

The NSS IPC met in September 2009 and concurred on a strategy that decreases
overall demand for 3He, including conservation and alternative technologies, in-
creases supply through exploring foreign supplies/inventories and recycling, and op-
timally allocates existing supplies. Furthermore, the IPC agreed to defer all further
allocation of 3He for portal monitors, beginning in FY 2010, and would not support
allocating 3He for new initiatives that would result in an expanding 3He infrastruc-
ture. The IPC stipulated that 3He requests should be ranked according to the fol-
lowing priorities:
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1. programs requiring the unique physical properties of 3He have first priority.

2. programs that secure the threat furthest away from US territory and inter-
ests have second priority.

3. programs for which substantial costs have been incurred will have third pri-
ority.

Adoption of this approach for managing the U.S. 3He inventory produces alloca-
tions for Fiscal Years 2010 through 2017 that can be met by projected reserves. This
is in contrast to the original allocation approach, which would have resulted in large
and increasing shortages over the same period of time.

For FY 2010, allocations were as follows:

a. DOE (Safeguards) 800 liters (+1000 liters) *
b. DOE (Detection) 1,520 liters

c¢. DOE (Emergency Response) 1,750 liters

d. DOE (NIF/NNSA) 80 liters

e. DOE-Science 341 liters

f. NIST 832 liters

g. Oil and Gas 1,000 liters

h. NIH (Med Imaging) 1,800 liters

i. Cryogenics 1,800 liters

j. NASA 80 liters

k. Environ Management 0 liters

L. IC 0 liters

m. DoD 882 liters (+648 liters) **
n. DHS 772 liters

o. DOS 100 liters

*DOE requested and was approved for an additional 1000 liters for the JMOX facil-
ity in FY10.

**DoD requested and was approved for an additional 648 liters in FY10. 325 liters
will be used for the guidance and navigation systems, and 323 liters will be used
by the DoD laboratories for cryogenic dilution refrigeration.

Concluding Remarks

The DOE is committed to working with other agencies, the community and the
White House in reducing the demand of 3He, increasing the supply of 3He, and dis-
tributing 3He in accordance to the Nation’s highest priorities.

Thank you, Mr. Chairman and Members of the Committee, for providing this op-
portunity to discuss the national 3He shortage and DOE’s roles and reaction to the
shortage. I'm happy to answer any questions you may have.

BIOGRAPHY FOR WILLIAM F. BRINKMAN

Dr. William F. Brinkman was confirmed by the Senate on June 19, 2009 and
sworn in on June 30, 2009 as the Director of the Office of Science in the U.S. De-
partment of Energy. He joins the Office of Science at a crucial point in the Nation’s
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history as the country strives toward energy security—a key mission area of the De-
partment of Energy.

Dr. Brinkman said during his confirmation hearing that he looked forward to
working “tirelessly to advance the revolution in energy technologies, to understand
nuclear technologies and to continue basic research in the 21st century.”

Dr. Brinkman brings decades of experience in managing scientific research in gov-
ernment, academia, and the private sector to the post. He leaves a position as Sen-
ior Research Physicist in the Physics Department at Princeton University where he
played an important role in organizing and guiding the physics department’s con-
densed matter group for the past eight years.

He joined Bell Laboratories in 1966 and after a brief sojourn as the Vice President
of Research at DOE’s Sandia National Laboratories, where he oversaw the expan-
sion of its computer science efforts, Dr. Brinkman returned to Bell Laboratories in
1987 to become the executive director of its physics research division. Dr. Brinkman
returned to Bell Laboratories in 1987 to become the executive director of its physics
research division. He advanced to the Vice President of Research in Bell Labora-
tories in 2000, where he directed research to enable the advancement of the tech-
nology underlying Lucent Technologies’ products. Brinkman led a research organiza-
tion that developed many of the components and systems used in communications
today, including advanced optical and wireless technologies.

He was born in Washington, Missouri and received his BS and Ph.D. in Physics
from the University of Missouri in 1960 and 1965, respectively. Since this time, he
has served as a leader of the physics community. He has spent one year as a Na-
tional Science Foundation postdoctoral fellow at Oxford University. He has served
as president of the American Physical Society and on a number of national commit-
tees, including chairmanship of the National Academy of Sciences Physics Survey
and their Solid-State Sciences Committee. He is a member of the American Philo-
sophical Society, National Academy of Sciences, and the American Academy of Arts
and Sciences.

He has worked on theories of condensed matter and his early work also involved
the theory of spin fluctuations in metals and other highly correlated Fermi liquids.
This work resulted in a new approach to highly correlated liquids in terms of almost
localized liquids. The explanation of the superfluid phases of one of the isotopes of
helium and many properties of these exotic states of matter was a major contribu-
tion in the middle seventies. The theoretical explanation of the existence of electron-
hole liquids in semiconductors was another important contribution of Brinkman and
his colleagues in this period. Subsequent theoretical work on liquid crystals and in-
commensurate systems are additional important contributions to the theoretical un-
derstanding of condensed matter.

Chairman MILLER. Thank you, Dr. Brinkman.

We will now begin with our first round of questions and the
Chair now recognizes himself for five minutes.

Dr. Brinkman, I know that you joined in DOE in 2009 so the ob-
vious criticisms don’t apply to you personally. I know that you
probably don’t want to be harshly critical, publicly of the people
who now work for you but it does seem obvious with benefit of
hindsight that this was coming and that DOE not only as the only
domestic source for helium-3 but is a major consumer of helium-
3 should obviously have known what the demand was and what the
supply was and seen this coming, and even apparently DHS, we
might fault them for not being more aggressive about assuring that
there was a sufficient supply, apparently did inquire and DOE said
no problem. How did that happen?

Dr. BRINKMAN. As you point out, I wasn’t around to witness that.
The only thing I can say is that at the time the Russians were put-
ting a lot of helium-3 onto the market as well as the DOE and I
think that confused the picture somewhat as to what was actually
going on in the marketplace and it was only around 2008 when
people started to really realize what was happening and then the
Russian source dried up and so there was a sequence of events that
happened there that—look, I don’t want to defend the situation be-
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cause it is unfortunate that this wasn’t recognized earlier but there
was a sequence of events there that led to some confusion.

Chairman MILLER. You mentioned earlier that you have now had
a conference on isotopes, rare isotopes. Although I know that he-
lium-3 was discussed at that, it doesn’t appear that the partici-
pants in the conference came away with an oh, crap kind of feeling
about it. There was an understanding that there was, you know,
some shortage but not quite a crisis. What are you all doing now
to identify whether there are other isotopes that may have a supply
or demand that greatly exceeds the supply and that we aren’t de-
veloping technologies that will depend upon a material that is not
there?

Dr. BRINKMAN. Well, first of all, the program has been moved to
the nuclear physics office rather than the nuclear energy office.
The nuclear energy organization is really interested in reactors, not
isotopes. However, the nuclear physics organization is an organiza-
tion which is very much interested in isotopes, rare isotopes of var-
ious types to learn more about nuclear physics and nuclear struc-
ture, and so it has a much bigger presence in isotope development
and now of course manages all of our isotope development that we
do internally. So it is responsible for exactly what you are asking
for, where things will go wrong.

We of course, have had another crisis as you know in moly 99,
and it was ameliorated again by an interagency office, and we are
working at looking very carefully for future ways of generating that
particular isotope and have made progress on how to do that com-
mercially.

Chairman MILLER. The Chair now recognizes Dr. Broun for five
minutes.

Mr. BROUN. Thank you, Mr. Chairman.

Coming back to Dr. Brinkman, you mentioned moly 99 as a prob-
lem. Helium-3 obviously from this hearing is a problem. How about
other isotopes? Have you identified other isotopes that are suscep-
tible to similar shortages, and if so, what other technologies should
we be utilizing to seek alternatives to those isotopes?

Dr. BRINKMAN. Those are the only two known to me that we have
to worry about, but we have a workshop report in which we have
gone through all the different isotopes that are used commercially
and looked to see whether they are in short supply and what we
need to supply them. So we have a full report on that, and we have
gone through all of them. These two are the ones that I know have
created recent crises, anyway. I don’t believe we are in trouble on
any others.

Mr. BROUN. Are you continuing an inventory on an ongoing basis
of those just to make sure that we do not have a repeat of what
we are having on helium-3?

Dr. BRINKMAN. We sure try to.

Mr. BROUN. I certainly hope so.

Dr. Brinkman, part of the reason we found ourselves in the cur-
rent situation is the drawdown of nuclear weapons after the Cold
War. What impact will the recently signed nuclear agreement with
Russia have on helium-3 supplies?

Dr. BRINKMAN. It is bound to reduce them further because the
weapons program will eventually draw down the tritium supply
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that they need and so we really will have to find alternative
sources, and that is what we are working on right now.

hMg. BROUN. What other isotopes are potentially impacted by
that?

Dr. BRINKMAN. I don’t think there are any other isotopes im-
pacted by the production of tritium, which is what you have to
produce to make helium-3.

Mr. BrROUN. All right, sir. Are we the only nation that provides
helium-3 for IAEA monitors?

Dr. BRINKMAN. Primarily, that is true.

Mr. BROUN. Is the United States bound by international agree-
ments to supply helium-3 to the JAEA?

Dr. BRINKMAN. You will have to answer that.

Dr. Aoki. Well, the United States is not bound by international
agreement but traditionally we have been the primary source of
supply for the TAEA nuclear safeguards program. One of the things
that we have done as the magnitude of the problem have become
clear, we have encouraged the IAEA to actually pursue supplies
from other countries. In particular, Russia would be one place they
could go look, possibly some other countries, but we have really
made sure that the IAEA is aware that we are probably not going
to be in a position that we have been in the past to be the primary
source of supply or sole source of supply for the material.

Mr. BROUN. Very good.

Dr. Hagan, after helium-3 alternatives are developed for neutron
detection, do you believe that further testing will need to be done
at the Nevada test site?

Dr. HAGAN. You are talking about alternatives to helium-3?

Mr. BROUN. Yes, sir.

Dr. HAGAN. Yes. I would think that we would do that. We are
testing a lot of—we tested some systems already at Los Alamos
using relevant sources. With the type of—some of these detectors
you can test them without having to actually use special nuclear
material. You can use other sources of neutron. So it kind of de-
pends on the particular technology. But if it is appropriate, we
would certainly do that.

Mr. BROUN. And that will be an ongoing basis?

Dr. HAGAN. Oh, yes.
hMr;) BROUN. How about the cost and schedule and impacts on
them?

Dr. HAGAN. The cost of testing or cost of development of——

Mr. BROUN. All of it.

Dr. HaGAN. Well, I have got 47 seconds.

Mr. BrROUN. No, I have 47 seconds, so you can take what you
need.

Dr. HAGAN. Good point. All right. The costing varies of course
with each technology so we have some that are more near term
than others, some are longer term, and so I can’t really give you
an answer for all that we have approximately within DNDO, and
there are other projects going on elsewhere in the government. But
within DNDO, we have some two dozen projects to develop alter-
natives. On the average, I would say those are probably a million
dollars now a—no, that is probably too high, half a million dollars
a year, in that range, for that development. The testing, as I said,
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would depend on what type of sources we would need. If we could
get by with so-called californium source to test for thermal neutron
detectors, that could be done relatively cheaply and quickly. If we
have to go to NTS or places where there is special nuclear mate-
rial, that is very expensive. That is multimillions of dollars and
many months.

Mr. BROUN. Okay. Thank you.

Thank you, Mr. Chairman. I yield back.

Chairman MILLER. Thank you, Dr. Broun.

The Chair recognizes Mrs. Dahlkemper for five minutes.

Mrs. DAHLKEMPER. Thank you, Mr. Chairman.

Dr. Brinkman, how much money is the DOE spending to support
the work being done by DNDO for looking at substitutes or other
areas of research?

Dr. BRINKMAN. I don’t know that we are spending so much
money on this. We are of course interested in alternative detectors
too and we have this Second Line of Defense but I don’t know the
amount the Second Life of Defense program is spending on alter-
native detectors at this time. I just don’t know that number. But
that is one of the places where we are spending money. In addition,
you know, one of the major users of helium-3 has been our neutron
scattering and neutron experimental program at SNS at Oak
Ridge. There we see some very big numbers that are needed but
there is now an international community of people to do those kind
of experiments and they are looking at alternative detectors too. So
there is a fair bit of activity on the alternative detectors and a very
broad base of work.

Mrs. DAHLKEMPER. So you don’t have any idea what you are
spending? I mean, can you get back to me on that?

Dr. BRINKMAN. We can get back to you on that, but I think Steve
will have to an answer to that.

Mrs. DAHLKEMPER. Mr. Aoki?

Dr. Aoki. There is a research and development program within
the National Nuclear Security Administration that includes fund-
ing for nuclear detector development which is now prioritized, the
identification of new neutron detection technologies that would pro-
vide a substitute for helium-3, and I think I was told this morning
that it is something like $7 million a year but I would want to con-
firm that and get back to you.

Mrs. DAHLKEMPER. If you could confirm that and get back to me,
I would appreciate it.

[The information follows:]

There has been an ongoing research effort investigating non-He3 based detectors
(prior to the issue’s being raised in 2008-2009). The level of funding in 2009 was
increased to accelerate existing efforts, address the problem of large-area detectors,
and fund a more serious look at possible longer term solutions. At this point, the
researchers believe that increases in research funds beyond what is planned would
experience diminishing returns on investment. Attached is a chart outlining the
funding. The funds directed towards non-He3-based detectors were redirected from

longer-term research and development efforts addressing other nonproliferation
technologies such as fast-neutron detectors and systems for active interrogation.
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Funding for He Alternatives Based Detectors

FY08 FY09 FY10 FY11

Mrs. DAHLKEMPER. And so as you make that a priority, what
happens to the funding for other pieces within that?

Dr. Aoki. Well, you know, clearly one has to make some choices,
and right now because of the time urgency, I think there has been
a decision by that office to try to accelerate the work on the neu-
tron detectors. Obviously there are possibly other detection systems
that may therefore receive some lower priority.

Mrs. DAHLKEMPER. And do you see that as being any kind of an
issue going down the road similar to where we are at right now
with the helium-3 issue?

Dr. Aoki. I think, you know, clearly if one had no budget con-
straints, it would be nice to do all these.

Mrs. DAHLKEMPER. Well, we do have budget constraints.

Dr. AokKI. But since we do have budget constraints, we have to
make these choices and this is one choice we have made in re-
sponse to the current situation.

Mrs. DAHLKEMPER. Dr. Hagan, I was interested in your state-
ment that DNDO is funding programs to look at alternative neu-
tron detection technology prior to even knowing of the helium-3
shortage. I didn’t see any—I guess there was no evidence of this
in the documents that we received here in the Subcommittee. I am
just wondering what funding of alternative detection technologies
you were engaged in prior to 2008, and if you can tell me about
those efforts, their purpose and the amount that was being spent?

Dr. HAGAN. I would have to get back to you on exact numbers.
I wouldn’t want to—but it is on the order of a few million dollars
starting in probably 2007, 2008 time frame.

Mrs. DAHLKEMPER. Okay.

Dr. HAGAN. And the research was being done because it was—
you are always looking for better detectors and so even though he-
lium-3 was not thought to be in short supply, we tend to do R&D
to always make things better, or if not better, cheaper, and so that
was sort of the thrust of the early research, and basically there are
two ways—two common alternatives to detecting thermal neutrons.
Instead of using helium-3, you can usually talk about using lith-
ium-6 or boron-10 and so most of the work that was funded early
on—not all of it, there are some other techniques.



37

Mrs. DAHLKEMPER. Where was that funding coming from, I guess
is what I am more trying to get at here?

Dr. HAGaN. It was form our transformational and applied re-
search directorate. We had total funding for that effort back in
2006, I believe, was around $70 million and today is up around
109. So it has grown with time. And back in——

Mrs. DAHLKEMPER. Where was this research being done at?

Dr. HAGAN. Oh, I see. Various places, universities, companies
and laboratories, national laboratories, Los Alamos, Livermore. I
dOI{t know the—I have got the stuff here but I don’t remember ex-
actly.

Mrs. DAHLKEMPER. If you could get back to me on that, that
would be great. I would appreciate that. I know it is probably more
information than you can really—any of us could keep in your
heads. I appreciate that.

I yield back. Thank you.

Chairman MILLER. Thank you, Mrs. Dahlkemper.

The Chair recognizes Mr. Bilbray for five minutes.

Mr. BILBRAY. Mr. Chairman, with your pleasure, I would like to
yield to the senior member of this panel, Mr. Rohrabacher, from
the great city of Huntington Beach.

Chairman MILLER. Actually, Mr. Rohrabacher is not on this
panel but he is recognized, I think without objection.

Mr. ROHRABACHER. He meant the senior member of the surfing
caucus, is what he really meant.

Chairman MILLER. I think he just meant the oldest.

Mr. ROHRABACHER. That is good.

Mr. BILBRAY. To be blunt, I want to be nice to him while he is
still around.

Mr. ROHRABACHER. The demand that we are talking about for
helium-3 is how much per year now?

Dr. BRINKMAN. Demand seems to be around 20,000 liters.

Mr. ROHRABACHER. Twenty thousand liters, and is that just the
United States or that worldwide?

Dr. BRINKMAN. That is the United States—well, pretty much
worldwide. It involves cryogenics internationally.

Mr. ROHRABACHER. The entire demand for helium-3 worldwide is
20,000 liters. Is that what I'm getting here?

Dr. BRINKMAN. That is roughly right.

Mr. ROHRABACHER. Okay. And what is the price per liter?

Dr. BRINKMAN. Well, that is very variable. We think it is around
between $350 and $400 a liter, but some of my friends out in the
world claim that it is higher than that.

Mr. ROHRABACHER. Okay. So——

Dr. BRINKMAN. But it is certainly not more than $1,000 at this
point.

Mr. ROHRABACHER. Not more than $1,000, not less than $300?

Dr. BRINKMAN. That is right.

Mr. ROHRABACHER. All right. And how much does a liter of he-
lium-3 weigh?

Dr. BRINKMAN. A liter is roughly one-twentieth of a mole, so it
probably weighs three grams divided by 20, so what is that, .06
grams or something like that.

Mr. ROHRABACHER. Tell me in pounds. I am sorry.
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Dr. BRINKMAN. Pounds? Oh, my goodness. It weighs less than an
ounce.

Mr. ROHRABACHER. Less than an ounce?

Dr. BRINKMAN. Yes.

Mr. ROHRABACHER. Way less than an ounce? Does anyone here
have a more accurate figure on that in terms of the weight?

Dr. AokI. A gram of helium-3 is seven liters.

Dr. BRINKMAN. A gram of helium-3, but he wants it in ounces.

Mr. ROHRABACHER. Is what now?

Dr. BRINKMAN. A gram is—an ounce is several grams, so it is
very small.

Mr. ROHRABACHER. When you say less than an ounce per
liter

Dr. BRINKMAN. It is a gas after all.

Mr. ROHRABACHER. A half an ounce or closer to——

Dr. BRINKMAN. It is probably less than a tenth.

Mr. ROHRABACHER. A tenth of an ounce?

Dr. BRINKMAN. I am thinking in my head.

Mr. ROHRABACHER. Okay. So I am trying to get a grip on——

Dr. BRINKMAN. Yes, it is very small, but, you know, it is——

Mr. ROHRABACHER. So a tenth of an ounce would be $1,000?

Dr. BRINKMAN. You are right. It is expensive.

Mr. ROHRABACHER. Now, the reason why I am trying to get to
this is that we do know—and by the way, I have appreciated the
testimony talking about the alternatives that we have and recy-
cling and alternative approaches and et cetera, and also the con-
cept of maybe getting this out of natural gas and seeing if we can
explore that avenue, but one thing that we haven’t talked about
today is the possibility of helium-3 from the moon, which is some-
thing that has not escaped our international competitors. Now, if
we are talking about $1,000 for a tenth of an ounce, and this is in
what form at that point? Is it liquid or is gas at that point?

Dr. BRINKMAN. At room temperature, it is obviously a gas. It is
only a liquid at extreme low temperatures of a few Kelvin.

Mr. ROHRABACHER. So it would be in gas form, so if we actually
had some type of system on the moon, you could actually put this
into a tank and then transport it. Is that correct?

Dr. BRINKMAN. You have to remember though, a tank is 20,000
liters, so it is a fairly big tank, and it is a long way to the moon.

Mr. ROHRABACHER. Right, but I am not thinking about nec-
essarily having the entire supply of helium-3 for the world trans-
ported in one moon mission, just like you wouldn’t have one coal
train providing all of the coal for the United States. It would seem
to me that what you have told me would be—we right now have
a group of entrepreneurs who are trying to decide what space pro-
grams, projects they will invest in that would have a future profit.
It sounds like to me that that might be penciled out.

Dr. BRINKMAN. Well, you could try that. You know, my own
guess would be that I would rather generate tritium at some nu-
clear reactor and convert it into helium-3 than try to go all the way
to the moon to get it.

Mr. ROHRABACHER. Okay. Let me ask you this. What would the
cost of that be?
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Dr. BRINKMAN. We don’t really have an accurate number for that
yet. That is where we are.

Mr. ROHRABACHER. Could that also be up to $1,000——

Dr. BRINKMAN. A liter?

Mr. ROHRABACHER. A liter.

Dr. BRINKMAN. It could well be.

Mr. ROHRABACHER. Mr. Chairman, I would just suggest that in
the world that we live in today, considering that we did go to the
moon all those many decades ago that we might actually have a
reason to go back to the moon if this can be done successfully.

Dr. BRINKMAN. Well, let us be a little careful here. Remember
that $1,000 a liter, that is only $20 million a year for the business,
so that is not very big business.

Mr. BROUN. Mr. Chairman, I think we ought to have a CODEL
to go check that out, and I want to sign up.

Chairman MILLER. And none of us weigh as much as what you
would be bringing back.

Mr. ROHRABACHER. So you would say that the demand is actu-
ally—when you were looking at the scenario that I am creating
here, that the demand is too low to actually justify some kind of
a mission that would cost

Dr. BRINKMAN. My general impression, the mission is a billion
dollars, at least, right? I mean, probably more. A billion dollars is
one shuttle flight. And so if you

Mr. ROHRABACHER. Well, that is when the government is doing
it. The Administration is trying to privatize this now.

Dr. BRINKMAN. More power to them.

Chairman MILLER. Mr. Rohrabacher’s time is expired.

Mr. ROHRABACHER. Thank you very much.

Chairman MILLER. The Chair recognizes Mr. Davis for five min-
utes.

Mr. DAvis. We have one of the folks who will testify later that
I really wanted to introduce, so for that reason, I will hang around
but I would like to yield my time back to you or any other member
on the majority side.

Chairman MILLER. I will accept that time just to ask one ques-
tion of Dr. Brinkman. You said that the whole supply of helium
was complicated by the fact that some was coming from Russia. It
seems odd, although we are now trying to develop a better relation-
ship than we had with the Soviet Union, a subject near and dear
to Mr. Rohrabacher’s heart, they are still not exactly our BFF. We
are kind of natural competitors with Russia, not best friends for-
ever, and it seems odd that we would rely upon Russian supply for
something so obviously critical to our national security needs.

Dr. BRINKMAN. I think they—I am sorry. I am not familiar with
all this but I believe they dumped their helium-3 onto the market
not through their government.

Chairman MILLER. And did you have any idea of how much more
there was, how much more helium-3 there might be coming from
that source? I mean, obviously there was a mistake in not seeing
this coming, but it is odd that the supply from Russia did in fact
complicate the ability to see this coming quite so much, particularly
for something so obviously critical to national security needs.
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Dr. BRINKMAN. It is just one of the things. I would not want to
claim that that was the only driving factor in this crisis at all, but
it was certainly—it has played a role. Let us put it that way.

Chairman MILLER. Actually Mr. Rohrabacher used up Mr.
Bilbray’s time and now you——

Mr. ROHRABACHER. I will yield to Mr. Bilbray.

Chairman MILLER. All right.

Mr. BILBRAY. Thank you, Mr. Chairman.

I would solicit comment from any one of the doctors for this. 1
have been in government since I was 25 years old. I was elected
April of 1976, before Jimmy Carter. That is how long I have been
hanging around. And the one thing that has become very obvious
to me is, those of us in government in our quest to try to stop peo-
ple from doing wrong, we have legislated ourselves into a position
where so often we stop people from doing good and correcting. My
question to you is that, you talk about this ability to somewhere
in the future build and operate a facility that can then provide the
service after—remember, we have 12 years we have to wait for a
certain natural process to occur. Do we have any plans? Have we
sited? Do we permit? What do we have online right now, Doctor,
to be able to move the agenda to build the facility to produce the
components that we need to keep the supply flowing?

Dr. BRINKMAN. Well, presently we still have the processing capa-
bility that was part of the weapons program and probably you
could use that for the private purpose of creating helium-3. The
issue is where do you get the tritium that you could use in that
process. The process is available to us and so the big issue is what
the source is, and even in the case of the source, we could go back
to irradiating samples in reactors in this country. That is the way
it was done in the weapons program, and create the tritium and
let it decay and——

Mr. BILBRAY. My question is, we could go back, but where and
has it been permitted? Is it legal for these facilities to go back and
do that now? Does the regulatory process allow them to go back
and are we—have we sited this? Because it is one thing to say we
need to do this or we should do it. It is another thing when we sit
there and say yeah, we ought to do it and come the 11th hour we
block it from getting a permit to go into operation. We have seen
that with this issue for the last 30 years.

Dr. BRINKMAN. I do not know of any legal blocking of this. The
issue we are—the main issue with this approach is just how much
it is going to cost because it looks like it is expensive.

Mr. BILBRAY. How many facilities do we have in the country that
make it?

Dr. BRINKMAN. The way the process used to work, we used var-
ious reactors to expose—to create the tritium and then everything
moved—was moved to Savannah River and Savannah River did the
processing.

Chairman MILLER. The gentleman’s time has expired. We do
have a second panel and we probably have votes at 11:30 or so.

Dr. Hagan, there seems to be something you were burning to say.

Dr. HAGAN. Thank you. I appreciate that. I just wanted to com-
ment that in addition to going back and making more helium-3
through other means, I also wanted to answer a question from my
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own Congressman. I live in your district. I wanted to be able to say
that. But these other technologies in the past may not have been
as viable because of the cost but as the cost of helium-3 rises, they
become more and more viable, so I think it may be quite likely in
my mind that the future will lie with these kinds of things, not
going back and having to sort of resurrect the helium-3 production
through tritium decay. Thank you.

Chairman MILLER. Thank you. We will now take a short break
and have our second panel, and I want to obviously thank this
panel for your testimony today. Thank you.

[Recess.]

Panel 11:

Chairman MILLER. We are back. It is now time to introduce our
second panel, and I will begin by recognizing Mr. Davis to recog-
nize or introduce Dr. Woods.

Mr. DAvis. Mr. Chairman, thank you very much. Our good
friend, John Tanner from West Tennessee, had other meetings and
could not stay to make the introduction. We certainly welcome you
here today and look forward to your testimony and look at the
work you have performed and your impact. Thank you for being
here and thank you for agreeing to join us today with your testi-
mony. Welcome.

Chairman MILLER. Okay. I am now pleased to introduce the bal-
ance of our panel. Mr. Tom Anderson is the Production Manager
at Reuter-Stokes Radiation Measurement Solutions at GE Energy.
Mr. Richard Arsenault is Director of Health, Safety, Security and
Environment at ThruBit LLC. And Dr. William Halperin is the
John Evans Professor of Physics at Northwestern University of Illi-
nois.

As all of you should know from having been here before, we do
allow five minutes for spoken testimony. Your written testimony
will be included in the record. After your spoken testimony, each
member will have five minutes to question the panel.

It is our practice to take testimony under oath. Do any of you
have any objection to taking an oath? The record should reflect
that all of the witnesses shook their head to indicate they had no
objection to taking an oath. You also have the right to be rep-
resented by counsel. Do any of you have counsel here? And the
record should reflect that all the witnesses shook their heads that
they did not have counsel here. If you would now please now stand
and raise your right hand, and if anyone in the audience wishes
to be sworn in, you may stand as well. Do you swear to tell the
truth and nothing but the truth?

The record should reflect that all the witnesses have now taken
the oath. We will start with Mr. Tom Anderson. Mr. Anderson, you
are recognized for five minutes.

STATEMENT OF TOM ANDERSON, PRODUCT MANAGER, REU-
TER-STOKES RADIATION MEASUREMENT SOLUTIONS, GE
ENERGY

Mr. ANDERSON. Mr. Chairman, members of the Subcommittee,
my name is Tom Anderson and I am the product line leader for GE
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Energy’s Reuter-Stokes Radiation Measurement Solutions. I appre-
ciate the opportunity to provide my perspective on the helium-3
shortage.

GE Energy’s Reuter-Stokes legacy dates back to the early years
of the nuclear industry. We manufacture in-core sensors and accu-
rately measure neutron power levels under the extreme tempera-
ture and radiation conditions prevalent in boiling-water reactors.
We also design and manufacture a variety of products that are
used in oil and gas exploration including helium-3 neutron detec-
tors, gamma sensors and systems to navigate and locate oil and gas
reservoirs thousands of feet under the earth’s surface. We also use
helium-3 to manufacture neutron detectors for homeland security,
nuclear safeguards and neutron scattering research facilities.

GE Energy’s Reuter-Stokes facility in Twinsburg, Ohio, is the
largest manufacturer of helium-3 neutron detectors in the world. In
my written testimony, I described in detail the important systems
and applications that have come to rely on GE’s helium-3 neutron
detectors. This morning I want to emphasize two points. First, an
adequate supply of helium-3 must be made available to support
critical applications such as nuclear safeguards and oil exploration
while replacement technologies are developed. Second, federal
funding is essential to accelerate development of alternate neutron
detection technologies.

The need to act is critical. The Department of Energy’s helium-
3 reserves have been depleted to approximately 50,000 liters. To
put this in perspective, GE has purchased over 100,000 liters of he-
lium-3 from the DOE since 2003. Since 9/11, GE has manufactured
over 40,000 helium-3 detectors which support homeland security
and nuclear safeguards programs.

DNDO and the Integrated Project Team have played a key role
in responding to the helium-3 shortage. I believe DNDO is explor-
ing the most practical options available to produce helium-3. Short
of planning a trip to the moon, as was discussed this morning, to
mine helium-3, the most promising near-term prospect is to accel-
erate work with the Canadian government to harvest the helium-
3 from the tritium storage beds at Ontario Power Generation. Ex-
peditious recovery and processing of this gas could be used to sus-
tain helium-3 detectors for applications such as oil exploration and
nuclear safeguards while replacement technologies are developed.

As we look for additional supplies, it is critical that the Federal
Government strengthen its support of research and development
for alternative technologies. There is currently no drop-in replace-
ment technology and as many as six different technologies may be
required to support the neutron detection needs in the various ap-
plications I just described. GE is well on the way to completing de-
velopment of a boron-10 neutron detection panel for radiation por-
tals used in homeland security. This required considerable invest-
ment by GE and will involve significant facility and process modi-
fications.

I have personally been involved in over 10 new technology and
product development programs during my time at GE. Not all have
been successful. If I leave you with one thought today, it would be
this: It is one thing to invent a technology to solve our problem, but
it is an entirely separate set of challenges that industry faces to
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then take that science, craft it into a product that is scalable in
form, fit and function that can operate over the full range of envi-
ronmental extremes, a product that is reliable with relatively long
service life and minimal maintenance requirements, a product
which thousands or even tens of thousands could be manufactured
at a reasonable cost with quality and consistent performance.

The magnitude of these challenges illustrates the need for fed-
eral investment. We must develop new technologies and maximize
available helium-3 supplies to avoid being caught again by sur-
prise.

Thank you for inviting me to testify today. I look forward to your
questions.

[The prepared statement of Mr. Anderson follows:]

PREPARED STATEMENT OF THOMAS R. ANDERSON

Mr. Chairman and members of the Subcommittee, my name is Tom Anderson and
I am the Product Line Leader for GE Energy’s Reuter Stokes Radiation Measure-
ment Solutions. I appreciate the opportunity to testify before this Committee today.

I have been asked to speak about the impact the Helium-3 shortage has had on
our business and our customers, and to share with the Committee our ideas on how
to manage this problem in the future.

GE Energy’s Reuter Stokes has over 50 years of experience supplying radiation
detectors. We design and manufacture detectors for Boiling Water Reactors (BWR),
neutron scattering instruments, oil and gas exploration, homeland security and nu-
clear safeguards systems. Our BWR in-core detectors monitor reactor power levels
and provide signals to initiate protective actions in the event of an abnormal condi-
tion. Our Helium-3 gas-filled neutron detectors are used to accurately account for
nuclear materials during handling and processing. Over 35,000 GE Helium-3 detec-
tors are installed in systems deployed around the world today to monitor for the il-
licit trafficking of smuggled nuclear materials. I look forward to providing you with
GE’s perspective on the consequences of the Helium-3 supply crisis.

According to information presented at the Helium-3 Workshop hosted by the
American Association for the Advancement of Science on April 6, 2010, the Depart-
ment of Energy’s Helium-3 reserves have been depleted to approximately 50,000 li-
ters, with future production rates expected to be less than 10,000 liters per year.
With global demand now on the order of 70,000 liters per year, the total DOE re-
serve represents less than a one-year supply of Helium-3. As a consequence, GE is
confronting the reality that Helium-3 for use in neutron detectors may soon no
longer be available.

In my testimony, I will address two points. First, a drop-in replacement tech-
nology for Helium-3 does not exist today. Furthermore, as many as six different
neutron detection technologies may be required to best address the performance re-
quirements of the neutron detection applications GE has served historically with
technology using Helium3. Significant research is required immediately, and Fed-
eral funding is essential to accelerate development of new neutron detection tech-
nologies, and thereby preserve the remaining Helium-3 supply for other uses. Sec-
ond, an adequate supply of Helium-3 must be made available by DOE and the Inter-
agency Project Team (IPT) to support critical applications such as nuclear safe-
gulards(i homeland security and oil exploration while alternate technologies are de-
veloped.

Background

GE Energy’s Reuter Stokes business is located in Twinsburg, Ohio. Beginning
with our first gas-filled neutron detector in 1956, GE has become a global leader
in designing and manufacturing gamma and neutron detection technologies for a
wide variety of applications.

Many of the Boiling Water Reactors (BWR) in operation in the United States
today rely on GE detectors to measure and monitor reactor power level. Several U.S.
states, as well as South Korea and Taiwan, have installed networks of Environ-
mental Radiation Monitors manufactured by GE to monitor low-level gamma radi-
ation.

GE also manufactures a variety of products for use in the oil and gas drilling and
logging industry. These include sophisticated instruments to navigate a drill string;
gamma radiation detectors to determine the type of rock and formation density; re-
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sistivity tools to measure formation properties and Helium-3 neutron detectors to
measure formation porosity. The data from this full suite of detectors is integrated
to optimize oil exploration.

During its long history, GE has designed and manufactured an assortment of BF,
Boron-10 lined, and Helium-3 gas-filled neutron detectors. Over 100,000 of our He-
lium-3 neutron detectors have been put in service during the past four decades. Our
neutron detectors have been utilized in a wide variety of neutron scattering re-
search, nuclear safeguards, oil and gas, and homeland security systems.

Recently in the media, there has been much excitement and speculation about the
presence of water on the Moon and on Mars. Our Helium-3 detectors have been
used for space exploration where the unique properties of Helium-3 support water
exploration at temperatures approaching absolute zero.

GE purchases the majority of its Helium-3 gas from the Department of Energy.
The Helium-3 is processed and then used to manufacture Helium-3 neutron detec-
tors. Our company does not otherwise bottle or package Helium-3 for sale.

The following sections provide background on four of the larger applications that
use Helium-3 neutron detectors.

Neutron Scattering Research

Neutron scattering facilities conduct fundamental science, materials,
electromagnetics, food and medical research by directing a beam of conditioned neu-
trons at a test specimen and accurately measuring the position and timing of the
scattered neutrons. GE is the industry leader in engineering and manufacturing He-
lium-3 gas-filled, position-sensitive neutron detectors for neutron scattering research
facilities located around the globe. The three largest facilities in the United States
are the Spallation Neutron Source (SNS) located at Oak Ridge National Laboratory,
the National Institute of Standards and Technology (NIST) Center for Neutron Re-
search (NCNR) in Gaithersburg, MD and the Los Alamos Neutron Science Center
(LANSCE) located at Los Alamos National Laboratory (LANL). International facili-
ties include the Japan Proton Accelerator Research Complex (JPARC), Rutherford
Appleton Laboratory (UK), and Institut Laue-Langevin (France) as well as facilities
located in Germany, South Korea, the Netherlands, Australia, and China. The re-
search conducted at neutron scattering facilities has led to a long list of landmark
discoveries including a better understanding of neurological and genetic diseases
such as Huntington’s disease, potential improvements in solar energy conversion,
and advances in superconducting materials, to name but a few.!

Neutron scattering facilities represent a significant government research invest-
ment. The majority of the construction budget is used to build the neutron source,
the accelerators and the infrastructure needed to support the scattering instru-
ments. The construction cost for the SNS facility was $1.4 Billion.2 The design and
construction of the individual scattering instruments, including the Helium-3 detec-
tors, is typically among the last tasks to be completed. The instrument arrays vary
in size from tens of detectors to over 1,000 Helium-3 detectors per instrument. In-
strument construction at many scattering facilities located outside the United States
is currently on hold due to the lack of Helium-3.

Neutron scattering instruments require detectors with extremely fast response,
high neutron sensitivity and excellent gamma discrimination. The detectors must
provide accurate position and timing information for the scattered neutrons.

Nuclear Safeguards

The purpose of nuclear safeguards programs is to prevent diversion of nuclear ma-
terials for non-peaceful purposes. Nuclear safeguards systems are installed at facili-
ties that process, handle, use and store plutonium, uranium, nuclear fuel, spent fuel
or nuclear waste. Safeguards systems quantify and monitor nuclear material to en-
able facilities to precisely account for plutonium and uranium during all aspects of
processing, storage and clean up. The International Atomic Energy Agency (IAEA)
and the National Nuclear Security Administration (NNSA) via the National Labora-
tories sponsor a number of international safeguards programs such as the new re-
processing facility that is under construction at the Rokkasho Reprocessing Complex
in Japan.

Nuclear safeguards systems are typically compact. The detectors must have high
neutron sensitivity and excellent gamma discrimination to enable accurate neutron
measurements. The extremely fast response of Helium-3 detectors makes certain

1 Additional information is available on the Oak Ridge National Laboratory website: hétp://
neutrons.ornl.govJfacilities | SNS | history /.
2]1d.
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measurements possible. Helium-3 detector performance can be further tailored to
permit highly precise nuclear material assay. This is a key element in accurately
accounting for nuclear materials.

0il and Gas

Helium-3 neutron detectors are also widely used in oil and gas exploration. These
detectors are used in conjunction with a neutron source to locate hydrogenous mate-
rials such as oil, natural gas, and water. Neutron measurements in conjunction with
inputs from other drill string instruments are used to locate hydrocarbon reservoirs
during drilling, and to further delineate the reservoirs during logging operations.
The overwhelming majority of nuclear porosity tools used in the oil and gas industry
today depend on the unique properties of Helium-3 neutron detectors.

Helium-3 neutron detectors have high neutron sensitivity, which enables them to
be packaged to fit inside the tool string. The excellent gamma discrimination char-
acteristic of Helium-3 means that background gamma radiation levels do not inter-
fere with the accuracy of the neutron measurements. These detectors must also op-
erate reliably and survive at temperatures up to 200°C under severe vibration and
shock levels up to 1,000 times the force of gravity. It is likely that without Helium-
3, exploration for new reserves, development drilling of existing fields, and logging
of both new and existing wells will be severely curtailed until an alternative tech-
nology is developed.

Homeland Security

The demand for Helium-3 neutron detectors has increased significantly since 9/
11. Helium-3 is used as a neutron detector technology throughout the full spectrum
of homeland security instruments, ranging from small 3/8” diameter detectors in-
stalled in pager-sized systems to six-foot long detectors installed in large area Radi-
ation Portal Monitors (RPM). GE’s Helium-3 detectors are widely used in radiation
pagers, handheld instruments, fission meters, backpacks, mobile systems and RPMs
that are deployed to search for and detect the illicit trafficking of fissile radioactive
materials. Homeland security systems, particularly the RPMs, require a significant
amount of Helium-3.

GE’s Helium-3 neutron detectors are installed in systems supporting Customs and
Border Protection (DHS), the Second Line of Defense (SLD)/Megaports Program
(DOE) and the Advanced Spectroscopic Portal (ASP) Program (DHS). We have also
manufactured thousands of Helium-3 detectors for other DHS, DOE (NNSA), De-
partment of Defense (DoD), Department of Justice (DOJ), and other local and state
security programs.

Helium-3 Supply Concerns

The Department of Energy has been selling isotopes for several years. In Decem-
ber 2003, the DOE auctioned 95,800 liters3 of Helium-3. An additional 50,848 liters
were auctioned between 2005 and 2006.4 After the last auction sale of Helium-3 in
July 2006, there were repeated delays in the periodic auction process. In May 2008,
GE met with the DOE to request clarification on the next anticipated auction date.
It was during this May 2008 meeting that GE first became aware of the potential
shortage of Helium-3. In July 2008, the Department of Homeland Security’s Domes-
tic Nuclear Detection Office (DNDO) and the NNSA were briefed on the possibility
that future supplies of Helium-3 might be inadequate to fully support their pro-
grams.

DOE suspended the anticipated 2008 auction and in December 2008 made a direct
allocation of approximately 23,000 liters of Helium-3 to GE and Spectra Gases, Inc.
Seventy percent of the Helium-3 sold to GE was controlled by NNSA for the Second
Line of Defense (SLD) Program. There has been no additional Helium-3 auctioned
by the DOE, and since 2008, all DOE gas supplied to GE has been allocated to spe-
cific projects or programs.

The impact of the Helium-3 shortage was immediate. GE was no longer able to
supply products to many programs and customers. The neutron scattering commu-
nity has been hardest hit, with programs in Japan and Germany having the most
immediate need. The construction of several scattering instruments outside the
United States will be delayed until a source of Helium-3 can be identified or an al-
ternate technology is made available.

Upon learning of the Helium-3 shortage, GE designed and built equipment to
more efficiently reclaim Helium-3 from unused detectors. Helium-3 is a stable gas,

3 Invitation for Bids to Purchase He-3 gas, Amendment 2, posted November 20, 2003.
4US DOE Helium-3 (He-3) Sales Solicitations (2005, 2006).
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and therefore can be removed from old detectors, reprocessed and used to build new
detectors. Recycled Helium-3 has been used over the past year to build neutron de-
tectors for some systems.

Alternative Technologies

A drop-in replacement for Helium-3 does not exist today. Federal research funding
is essential to supplement private sector efforts to accelerate development of re-
placement technologies. I have discussed four applications that currently rely on He-
lium-3 neutron detectors. I have also briefly described the detector performance at-
tributes required in each. Many of the applications share similar attributes, yet
each has its own subtle differences. Up to six different neutron detection tech-
nologies may be required to replace Helium-3 detectors in these four applications.

Three different technologies may be needed to support homeland security systems
alone. The systems deployed for homeland security today range in size from large
area portal systems and lightweight backpack instruments, to low-power pager-sized
equipment. Neutron scattering detectors are even more complex due to the speed,
timing and position measurement accuracies needed to support their research.

Alternate technologies for nuclear safeguards and the extremely harsh conditions
encountered during oil exploration also present unique development challenges.

GE has been actively involved in developing alternate neutron detection tech-
nologies. GE’s initial efforts have been focused on developing a replacement tech-
nology for portal monitors. RPMs have been the largest consumer of Helium-3 dur-
ing the past seven years. GE recently completed development of a Boron-10 lined
gas-filled neutron detection technology that meets the American National Standards
Institute (ANSI), ANSI N42.35-2006 performance requirements for portals. This
was an accelerated project, which from initial concept to first production is on track
to be completed in 18 months. For this project, our Twinsburg team worked with
scientists at the GE Global Research Center and leveraged production processes
based on best practices from GE Consumer and Industrial businesses. GE is on
schedule to begin production of Boron-10 lined neutron detection portal panels in
July of this year.

The research and new product development programs for the four neutron detec-
tion applications described will be challenging. Each new technology must the reli-
able and consistently meet the performance requirements needed for accurate neu-
tron measurements under all system operating conditions. The technology must be
scalable to fit the instrument and have a reasonable service life. Finally, the tech-
nology must be practical to manufacture in sufficient quantities at a reasonable cost,
with consistent quality and performance.

GE is well qualified to research and develop new neutron detection technologies.
However, research and development programs of this scope are very expensive.
DNDO has released Broad Agency Announcements (BAA) and a Request for Infor-
mation (RFI) to seek information and provide funding for alternate neutron detec-
tion technologies for homeland security systems. I am not aware of similar programs
at DOE. Nuclear safeguards, oil exploration, and neutron scattering facilities fall
under different offices within DOE. Federal funding to support research in each of
these areas is needed if replacement technologies are to be in place in time to avoid
serious effects of the Helium-3 shortage.

Alternate Sources of Helium-3

Helium-3 is generated from the radioactive decay of tritium. During the Cold War,
both the United States and Russia produced tritium to support nuclear weapons
stockpiles. Most of the Helium-3 available today was harvested from the tritium
produced for the weapons program.

Tritium is also produced as a byproduct of generating power in CANada Deute-
rium Uranium (CANDU) reactors. Four such reactors are located at Ontario Power
Generation’s (OPG) Darlington Generating Station in Ontario, Canada. GE has in-
vestigated the possibility of separating the Helium-3 from the tritium that is cur-
rently being stored at the Darlington facility. GE has been informed that the U.S.
Government has initiated discussions with the Canadian government. If such dis-
cussions lead to an agreement, this might provide some additional Helium-3 to sup-
port critical applications while alternate technologies are developed.

Conclusion

We have come to rely on Helium-3 for cutting-edge research, medical lung imag-
ing, cryogenic cooling, oil and gas exploration, and the radiation monitors that pro-
tect our borders. The Department of Energy’s Helium-3 reserve is nearly depleted
and there are no short-term solutions available to rectify the shortage. An Inter-
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agency Project Team has been established to manage the shortage and to make the
difficult decisions to allocate the remaining limited supply of Helium-3.

DNDO has played a key role in addressing the shortage, however, there is much
more to be done. It is critical that the federal government strengthen its support
of research and development for alternate technologies. Specifically, DOE funding
of research and development programs for oil and gas exploration, neutron scat-
tering and nuclear safeguards is essential. Funding and collaboration with the Na-
tional Laboratories could help accelerate technology development. Also, additional
funding from DNDO would help accelerate development of technologies for home-
land security. Finally, it is extremely important that the Interagency Project Team
allocate adequate supplies of the remaining Helium-3 to support critical applications
such as oil exploration and nuclear safeguards while alternate technologies are de-
veloped. Given the limited Helium-3 supply, the Federal government should con-
sider moving forward on negotiations with the Canadian government so that He-
lium-3 can be produced from the tritium currently being stored at the CANDU Dar-
lington facility. This is not a long-term solution, but it may help provide a supple-
mental supply of Helium-3 while alternative solutions are found.

Thank you for holding this hearing on this critical issue. I will be glad to answer
any questions you may have.

BIOGRAPHY FOR THOMAS R. ANDERSON

Tom Anderson is the Product Line Leader for GE Energy’s Reuter Stokes Radi-
ation Measurement Solutions. In this capacity, he is responsible for new product de-
velopment, product quality, and all aspects of engineering and manufacturing for
neutron detection products used in security and research applications. He reports
to the General Manager of GE Energy’s Reuter Stokes.

From December 2000 until his current assignment in 2003, Tom served as Prod-
uct Line Leader for GE Reuter Stokes Harley Electrical Equipment Group and GE’s
Silicon Carbide Gas Turbine Flame Sensor products.

Prior to joining GE, Tom served in the U.S. Navy. He retired as a Commander
in 2000. Tom served as Executive Office on the submarine USS Benjamin Franklin
(SSBN 640) (GOLD) and submarine tender USS L.Y. SPEAR (AS 36). His shore as-
signments included a tour of duty at the On-Site Inspection Agency where he led
weapons inspection teams into the former Soviet Union in support of the Inter-
mediate Nuclear Forces (INF) and the Strategic Arms Reduction Treaties (START).
Tom’s naval career culminated with his assignment as the Deputy Assistant Chief
of Staff for the Nuclear Weapons Inspection Center on the staff of Commander Sub-
marine Forces, U.S. Atlantic Fleet. In this capacity, Tom was responsible for sub-
marine force nuclear weapons policy, safety and security.

Tom graduated from the U.S. Naval Academy in 1976 with a Bachelor of Science
in Electrical Engineering. He later studied at the Naval Postgraduate School in
Monterey, California where he earned a Master of Science in Electrical Engineering.
Tom is also a 1997 graduate of the U.S. Army War College.

Chairman MILLER. Thank you.
Mr. Arsenault is recognized for five minutes.

STATEMENT OF RICHARD ARSENAULT, DIRECTOR, HEALTH,
SAFETY, SECURITY AND ENVIRONMENT, THRUBIT LLC

Mr. ARSENAULT. Chairman Miller, Ranking Member Broun and
members of the Committee, my name is Richard Arsenault. I am
the Director of Health, Safety, Security and Environment along
with being the Corporate Radiation Safety Officer of ThruBit LLC,
which is a Shell Technology Ventures Fund I portfolio company
formed in 2005. Today we offer logging solutions based on a unique
patented through-the-bit deployment technique that provides sig-
nificant advantage in many applications. We are a small company
taking this new technology from proof of concept to commercial in-
troduction with aspirations to grow into a much larger company. I
have been involved in the oil well logging industry since 1979 start-
ing out as an open hole wireline engineer in West Texas and later
got involved in the early stages of logging while drilling in 1982.
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Neutron logging: Wells can be logged by wireline logging or LWD
logging, known as logging while drilling. There are a number of for-
mation measurements that are taken when a well is logged. Neu-
tron logging is one of the primary measurements taken when a
well is logged. The neutron measurement provides the hydrogen lo-
cated in the pore space of the formation and the porosity is deter-
mined from neutron count rates in the detectors within the logging
tool. The neutron measurement is a primary gas indicator which
helps delineate gas and oil producing zones along with providing
the porosity of the formation.

Both wireline and LWD tools will in most cases have a long
space and short space helium-3 detector which are located at dif-
ferent distances from the radioactive sources mounted in the log-
ging tool. The helium-3 detectors are used with either americium—
241 beryllium or californium—252 radioactive sources.

The importance of helium-3 supply to the oil industry is critical
and crosses into numerous sectors of the industry. Helium-3 is used
in almost the entire neutron detectors incorporated into downhole
tools in our industry. The neutron count rate measurement, from
which the porosity measurement is derived, is used in oil and gas
reservoir evaluations. Even small errors in the neutron measure-
ment can make the difference in whether a reservoir is commer-
cially viable or not.

Oil and gas exploration within the United States is a vital part
of our national security and lessens our dependence on foreign oil
and gas. The shortage of helium-3 is starting to impact our entire
industry. As rig counts increase and the request for well logging in-
creases it will require more tools to be in service ready to go. Large
companies can take stockpiles of tools not in service during the
slowdown in the last two years and put them back in service.
Smaller companies which have less of a stockpile of tools not in
service to pull from are unable to do so. With small companies such
as ThruBit trying to increase our market penetration, it creates an
extra hardship limiting our ability to grow and bring our new tech-
nology to the marketplace. Large companies have financial and
human resources to pursue extensive research and development in
looking for potential alternatives in detector technologies. Smaller
companies are not as fortunate. They cannot afford extensive re-
search and development. Their commercial viability comes into
question along with their ability to sustain their business. These
smaller companies are also in a situation where they cannot afford
the extensive research and development of looking at alternatives
to their current supply of tools.

I want to personally thank you for the opportunity to discuss this
intaportant issue involving the oil and gas well services industry
today.

[The prepared statement of Mr. Arsenault follows:]

PREPARED STATEMENT OF RICHARD L. ARSENAULT

Introduction

Chairman Miller, Ranking member Broun, and members of the Committee, my
name is Richard Arsenault and I am the Director of Health, Safety, Security and
Environment along with being the Corporate Radiation Safety Officer for ThruBit
LLC (ThruBit Logging Solutions) which is a Shell Technology Ventures Fund 1 BV
Portfolio company formed in 2005. Today we offer complete logging solutions based
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on a unique patented “through the bit” deployment technique that provides signifi-
cant advantages in many applications. We are a small company taking this new
technology from proof of concept to commercial introduction with aspirations to grow
into a much larger company. I have been involved in the Oil Well Logging industry
since 1979 starting out as an Open Hole Wireline Engineer in West Texas and later
got involved in the early stages of Logging While Drilling in 1982.

Well Logging

Every well requires formation evaluation; well logging is a key part of this evalua-
tion. The quality and accuracy of data is key to decide and ascertain if the well is
a producer or dry hole. This evaluation supports and drives:

e Production Estimations,

o Well Economics,

e Reserve calculations

e Corporate and Government Energy Assets,
e Overall market fundamentals

It supports ability to commit to long term projects with less than certain payback.
Provides support for filing Company’s statement of reserves. Helps value royalty
payments back to state and federal government and drives legislation.

The US is most affected:

o 1/2 of worlds activity

e 1/4 of world consumption

e < 5% of world reserves

e Greatest need for immediate continuity of supply

Neutron Logging

Wells can be logged by Wireline Logging or Logging-While-Drilling (LWD). There
are a number of formation measurements that are taken when a well is logged.
Neutron logging is one of the primary measurements taken when a well is logged.
The neutron measurement provides the hydrogen located in the pore space of the
formation and the porosity is determined from neutron counting rates in the detec-
tors within the logging tool. The neutron measurement is a primary gas indicator
which helps delineate gas and oil producing zones along with providing the porosity
of the formation.

Both Wireline and LWD tools will in most cases have a “Long Space” and “Short
Space” Helium-3 Detector which are located at different distances from the radio-
active sources mounted in the logging tool. The Helium-3 detectors are used with
either an Americum-241 Beryllium or Californium-252 radioactive source.

The importance of Helium-3 supply to the oil and gas industry is critical and
crosses into numerous sectors of the industry. Helium-3 gas is used in almost the
entire neutron detectors incorporated into downhole tools in our industry. The neu-
tron count rate measurement, from which the porosity measurement is derived, is
used in all oil and gas reservoir evaluations. Even small errors in the neutron meas-
urement can make the difference in whether a reservoir is commercially viable or
not.

It is difficult for our industry to determine the number of neutron detectors used
in our course of business, especially since the neutron detector is used in open and
cased hole compensated neutrons, single detector neutrons and other devices in our
industry. There are numerous large well logging companies in the U.S. that also op-
erate internationally along with medium to small size companies throughout the
U.S. Each of these companies incorporates the use of He-3 neutron detectors in their
tools. With the downturn in our industry over the last two years, most existing com-
panies have been able to utilize existing tool stocks for replacement detectors and
spare parts, which have lessened the impact over these years, but will eventually
deplete the stock within those companies. They will be forced to buy additional de-
tectors as the industry expands, for both new tools and for replacements in older
tools. The detectors do have a limited life expectancy on the average of about 5
years depending on the downhole conditions they are exposed. So they do need to
be replaced periodically to keep the tools working correctly. Companies introducing
new technologies for logging wells, such as ThruBit, are limited to what is already
available in house to build tools and what they can find available by the detectors
suppliers with long leads time and a substantially higher price.
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Pricing and Availability of He-3 Detectors

We have personally seen almost a 3 times price increase and a quoted lead time
of almost 6 months for delivery in an order recently placed this year. I have also
received reports from others in the industry of pricing increases reported on neutron
detectors in the 3 to 10 times range due to the Helium-3 shortage. Pricing is not
the only issue, but availability is also key. Lead times of 6-8 months have been re-
ported. There have been reports of some detectors not being available due to the
lack of Helium-3.

There is a big difference in application of detector technology to applications that
are located on surface, exposed to ambient temperatures and pressures and are not
moved or exposed to conditions involving shock and vibration. Detector technology
used in down hole tools used for well logging are subjected to more stringent re-
quirements just to survive the environment and meet the engineering requirements
of the design.

Wireline Tools are operated at high temperature, have limited internal geometry
to mount the detectors and experience medium shock and vibration. In the case of
LWD tools they have all the same factors, but the shock and vibration is a lot high-
er. As result of the limited internal geometry small reliable detector packages are
a must. In our particular case we have the smallest well logging tools in the indus-
try with a 2-1/8” diameter tool. Any type of alternative technology would require the
same or smaller foot print inside the tool. We could not go larger since we limited
to our 2-1/8” diameter specification. We do not have the resources for an R&D effort
to pursue another tool design with potential alternative detector technology.

Impact

Being a small company bringing new technology to market is a challenge. We are
in transition from a commercial introduction phase to commercialization with an ag-
gressive plan to be a full blown viable and sustainable Formation Evaluation Serv-
ice Company. The Helium-3 detectors are all we have to put in our Neutron Porosity
tools. We do not have a substitute detector for use in these well logging tools. It
would take substantial development time (years) to pursue a substitute. We have
neither the financial resources or R&D staff to pursue this effort. An extreme short-
age or unavailability would be extremely detrimental in our ability to provide forma-
tion evaluation services and increase our tool fleet size allowing our company to
grow. Other medium and small companies are in the same situation with a finite
amount resources to pursue a pure R&D effort on alternatives. Some larger compa-
nies are looking at alternatives, but are finding the Boron Trifluoride with 1/7 the
sensitivity of the Helium-3 type detectors will require increasing the activity of the
Californium-252 or Americium-241 Beryllium source strengths.

Alternative to Helium-3

The substitute for Helium-3 detectors, Boron Trifluoride (BF3), however it is
much less sensitive to the thermal neutron detector as required by our industry.
The majority of the sources used with neutron tools are Americium-241 Beryllium
(Am-241Be), however, most recently due to Americium supplies being limited; more
companies are utilizing Califorium-252 (Cf-252) in its place. Most all of these
sources are in the 5 Curie (with some older 3 Curie sources used in cased hole oper-
ations) up to 20 Curies. With the decreased sensitivity of Boron Trifluoride, the
strength of these neutron sources would have to be increased to achieve the statis-
tical results needed for industry.

There are other concerns with Boron Trifluoride. The USDOT has classified this
gas has a hazardous material and cannot be shipped without a US DOT special per-
mit. Shipping by air in the US also requires classifying it as Toxic Inhalation Class
2.3. For international shipment it is restricted to Cargo Only Aircraft and classified
as Toxic Inhalation Hazard Class 2.3 and Corrosive Class 8. This provides for some
packaging and logistic challenges moving tools with detectors with this type of gas
in the detector. Not a good solution with the mobility required for well logging tools.

Conclusion

Oil and gas exploration within the U.S. is a vital part of our national security and
lessens our dependence on foreign oil and gas. The shortage of Helium-3 is starting
to impact our entire industry. As rig counts increase and the request for well log-
ging increases it will require more tools to be in service ready to go. Large compa-
nies can take stock piles of tools not in service during the slowdown in the last 2
years and put them back in service. Smaller companies will have less of a stock pile
of tools not in service to pull from. With small companies such as ThruBit trying
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to increase our market penetration it creates an extra hardship limiting our ability
to grow and bring our new technology to the market place.

Larger companies have the financial and human resources to pursue extensive re-
search and development to look at potential alternatives in detector technologies.
Smaller companies are not as fortunate—they cannot afford extensive research and
development. Their commercial viability comes into question along with their ability
to sustain their business. These smaller companies are also in a situation where
they cannot afford the extensive research and development of looking at alternatives
to their current supply of tools.

I want to personally thank you for the opportunity to discuss this important issue
involving the Oil & Gas Well Services Industry today.

BIOGRAPHY FOR RICHARD L. ARSENAULT

Richard L. Arsenault, CSP is the Director of Health, Safety, Security and Envi-
ronment and Corporate Radiation Safety Officer for ThruBit LLC (ThruBit Logging
Solutions). ThruBit Logging Solutions is an STV (Shell Technology Ventures) Fund
1 BV Portfolio company formed in 2005. Our innovative logging technology was de-
veloped in 1998 to provide market access to the benefits of Shell Oil Company pro-
prietary drill bit advances. Today we offer complete logging solutions based on a
unique “through the bit” deployment technique that provides significant advantages
in many applications.

Mr. Arsenault has been involved in the Oil & Gas Well Logging Industry since
March of 1979 as a Dresser Atlas Open Wireline Engineer in West Texas and then
got involved in May of 1982 with the Testing, Development and Commercialization
of the first generation of Sperry-Sun Drilling Services Logging While Drilling (LWD)
Tools. In addition led the Field Testing effort and Commercialization of the first
generation Neutron Porosity and Density Porosity LWD Tools. Has also held Tech-
nical Support, Regulatory Compliance, HSE and Corporate Radiation Safety Officer
Roles up to the fall of 1998. With the merger of Dresser Industries and Halliburton
]}01e was appointed as the Global Radiation and Explosive Safety Manager for Halli-

urton.

He holds a Masters in Business Administration from the University of Houston
and Bachelors Degree in Electrical and Electronic Engineering from the University
of South Florida. He is a Certified Safety Professional holding a CSP Registration.

He has been involved in the following industry related activities over the years:

e Established in April 2003 and chaired the Oilfield Services Industry Forum
for Radiation and Security. This now resides in the Association of Energy
Services Companies (AESC).

o Established in June 2005 and chaired the Oilfield Services Subcommittee in
the Institute of Makers of Explosives (IME).

o Established a partnership between DOE (PNWL) and Oilfield Services Indus-
try to establish a baseline with the ultimate goal of establishing a rec-
ommended practice for the security of radioactive material. This was rec-
ommendation was published by the DOE in 2008.

Chairman MILLER. Thank you, Mr. Arsenault.
Dr. Halperin is recognized for five minutes.

STATEMENT OF DR. WILLIAM HALPERIN, JOHN EVANS
PROFESSOR OF PHYSICS, NORTHWESTERN UNIVERSITY

Dr. HALPERIN. Mr. Chairman and Members of the Committee,
thank you for the opportunity to testify about the negative impact
on scientific research caused by the shortage of helium-3.

I am a physics professor at Northwestern and I rely heavily on
helium-3 to carry out scientific research at low temperatures. I
have been involved in this kind of work since 1970. Low-tempera-
ture research is essential for studying properties of materials such
as superconductivity, magnetism and developing various advanced
materials. Low-temperature research is also critical to future im-
provements in metrology and high-speed computation including
quantum information technology. Shortages of helium-3 driven by
increased homeland security demands and decreased production ca-
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pabili}‘lcy are already creating major difficulties in these areas of re-
search.

Let me briefly summarize the salient points. From 2001 to the
present, the stocks of about 230,000 liters have been drawn down
at a rate far in excess of today’s global production estimated to be
approximately 20,000 liters per year. The use of helium-3 as a de-
tector of radioactive materials at airports and border crossings
combined with the growth of medical, commercial and scientific ap-
plications is responsible for this extraordinary increase in demand.

Now, absent new production sources, it is now impossible to
serve the estimated need of 70,000 liters per year. It may be pos-
sible to find alternatives to the use of helium-3 for some applica-
tions but for others the unique physical properties of helium-3 are
essential. Scientific research at low temperatures is the signature
example of an area in which helium-3 is irreplaceable. Without
adequate supplies, such research will cease entirely. To put the
matter into context, I note that eight Nobel laureates in physics in
the past 25 years owe their accomplishments in some important
measure to the availability of helium-3. Cases in which substitutes
might be found for helium-3 include neutron detection at facilities
such as the Spallation Neutron Source at Oak Ridge National Lab-
oratory, oil and gas well evaluation, building construction tech-
nology and the improvement of lasers.

The issue perhaps is best illustrated by a personal experience in
October of 2008. I sought information about availability and pricing
from six well-known distributors of helium-3 gas. Only Chemgas
and Spectra Gas had any supply but their prices were extraor-
dinarily high, on the order of $2,000 a liter, five to 10 times higher
than I had expected, and well outside of my research budget.

The following summer I received more bad news. Oxford Instru-
ments, the largest supplier of low-temperature refrigerators, con-
tacted me to say that the company could not obtain any helium-
3 from their supplier, Spectra Gas. Discussions among attendees at
a subsequent international low-temperature physics conference re-
vealed that this shortage was global. Although the shortage took
many of us by surprise, I later learned that some government offi-
cials had been aware of this problem for some time but had not
shared that information.

In the fall of 2009, Nobel laureates Doug Osheroff and Bob Rich-
ardson, on behalf of a low-temperature working group of which I
was a member, wrote to Bill Brinkman, Director of the Department
of Energy’s Office of Science, to express concern about the shortage
of helium-3 for low-temperature research. Conversations with DOE
ensued but to date, requests by scientists and refrigerator compa-
nies often go unanswered or unmet, and young scientists are espe-
cially vulnerable.

Many of us are concerned that cryogenic instrumentation compa-
nies may soon be forced out of business. Janis Research is an ex-
ample. Janis has been guaranteed an allocation but helium has not
been delivered and sales interruptions place the company at risk.
Should Janis and other companies stop providing refrigerators,
low-temperature science will end.

Dr. Brinkman requested that our working group assess the crit-
ical needs of low-temperature science, so I conducted a survey with
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the following principal findings. In a ten-year interval from 1999
to 2009, the purchase of helium-3 for low-temperature science aver-
aged 3,500 liters per year and was growing at approximately 12
percent per year worldwide. The details are in my written testi-
mony.

Now, on a personal note, I have an immediate need in my labora-
tory for 20 liters of helium-3. Spectra Gas, the sole provider of he-
lium-3 released by the Department of Energy, has not responded
in the five months since I made my request and my National
Science Foundation support is now in jeopardy.

In conclusion, we must recognize the diversity of needs for he-
lium-3 and adopt the following strategies: Explore alternative tech-
nologies, establish effective communication among all the stake-
holders, implement recycling and conservation, redesign critical
need instrumentation to be more efficient, and finally, develop new
sources of helium-3.

I would be pleased to answer your questions.

[The prepared statement of Dr. Halperin follows:]

PREPARED STATEMENT OF WILLIAM P. HALPERIN

Mr. Chairman and members of the committee, thank you for the opportunity to
testify about the negative impact on scientific research caused by the shortage of
helium-three. I am a physics professor at Northwestern University, and I rely heav-
ily on helium-three to carry out scientific research at low temperatures and have
been involved in this work since 1970. Low-temperature research is essential for
studying properties of materials, such as superconductivity, and magnetism, and for
developing various advanced materials. Low-temperature research is also critical to
future improvements in metrology and high-speed computation, including quantum
information technology. Shortages of helium-three, driven by increased homeland se-
curity demands and decreased production capability, are already creating major dif-
ficulties in these areas of research.

Let me briefly review the salient points. Helium-three is a gas and a byproduct
of the radioactive decay of tritium, an essential element of nuclear weapons. Fol-
lowing the Second World War, as the nuclear stockpile grew, stocks of helium-three
grew commensurately, reaching about 230,000 liters by the year 2000. From 2001
to the present, these stocks have been drawn down at a rate far in excess of today’s
global production, estimated to be approximately 20,000 liters/year. The use of he-
lium-three as a detector of radioactive materials at ports, airports and border cross-
ings, combined with the growth of medical, commercial and scientific applications,
is responsible for the extraordinary increase in demand.

Absent new production sources, it is now impossible to serve the estimated need
of 70,000 liters/year. It may be possible to find alternatives to the use of helium-
three for some applications, but for others the unique physical properties of helium-
three are essential.

Scientific research at low temperatures is the signature example of an area in
which helium-three is irreplaceable. Without adequate supplies, such research will
cease entirely. To put the importance of such research in context, I note parentheti-
cally that twelve Nobel Laureates in physics in the past 25 years owe their accom-
plishments in some important measure to the availability of helium-three. Cases in
which substitutes might be found for helium-three include neutron detection at fa-
cilities such as at the Spallation Neutron Source (SNS) at Oak Ridge National Lab-
oratory, oil and gas well evaluation, building construction technology and the im-
provement of lasers.

The issue perhaps is best illustrated by a personal experience. In October 2008
I sought information about availability and pricing from several well-known dis-
tributors of helium-three gas. I spoke with representatives of Sigma Isotec, Cam-
bridge Isotope Labs, Icon Isotope Services, Isoflex USA, Chemgas, and Spectra gas
(now Linde Electronics and Speciality Gases) and learned that only the latter two
had any supply, but their prices were extraordinarily high: $800 to $2,000/liter. It
was 5 to 10 times higher than I had expected and well outside of my research budg-
et plan.

The following summer I received more bad news. Oxford Instruments, the largest
supplier of low temperature refrigerators, contacted me, to say that the company
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could not obtain any helium-three from their supplier, Spectra Gas. Discussions
among attendees at a subsequent international low-temperature physics conference
revealed that the shortage was global. Although the shortage took many of us by
surprise, I later learned that some government officials had been aware of the prob-
lem for some time but had not shared this information.

In the fall of 2009, Nobel Laureates Doug Osheroff and Bob Richardson, on behalf
of a low-temperature working group of which I was a member, wrote to Bill
Brinkman, Director of the Department of Energy’s Office of Science, to express con-
cern about the shortage of helium-three for low temperature research. Conversa-
tions with DOE ensued, but to date requests by scientists and refrigerator compa-
nies often go unanswered or unmet. Young scientists, especially, find themselves
without access to this essential resource.

Many of us are also concerned that without adequate access to helium-three, in-
strumentation companies may soon be forced out of business. Janis Research is an
example. Janis has been guaranteed an allocation, but the helium has not been de-
livered and the sales interruptions place the company at risk. Should Janis and
other companies stop providing refrigerators, low-temperature science will end.

Dr. Brinkman requested that our working group assess the critical needs in low
temperature science. The principal finding of our recently completed survey is the
following: In a ten year interval, from 1999 to 2009, the purchase of helium-three
for low temperature science averaged 3,500 liters/year and was growing at approxi-
mately 12%/year world-wide. (Survey details are posted at htip://
www.qfs2009.northwestern.edu /survey/ and attached to my written testimony.)

On a personal note, I have an immediate need in my laboratory for 20 liters of
helium-three. Spectra Gas, the sole provider of helium-three released by the Depart-
ment of Energy, has not responded in the five months since I made my request, and
my National Science Foundation supported research is now in jeopardy.

In conclusion, we must recognize the diversity of needs for helium-three and adopt
the following strategies: explore alternative techn6logies; establish effective commu-
nication among all stake holders; implement recycling and conservation; redesign
critical-need instrumentation to be more efficient; and develop new sources of he-
lium-three.

I would be pleased to answer your questions.
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Survey of Critical Use of 3He for Cryogenic Purposes

Results of the Survey

Northwestern University
January 21 to February 5, 2010

You may also download the results as a PDF.

The rare isotope of helium, 3He. has critical strategic importance. One of it's applications is to achieve low
P through refrig, and measuring devices, mostly in the pursuit of fundamental knowledge,

providing the essenti ing blocks for ing and technol for our future. Cryogenic use of 3He is
critical in that there is no alternative to reaching a range of more than 4 orders of magnitude of temperature
from 1 K to ns low as 10-4 K. Here basic scientific investigations require IHe for the study of quantum

di lon technology, it and superconductivity. Its recent short supply and
e:trmrﬂlnary hmh price has posed serious problems for the scientific community. The purpose of this survey
was to document as accurately as possible world-wide use of IHe in the past ten years as a framework for
future cryogenic allocations and to evaluate the impact of research that uses IHe.

The survey is restricted to senior or principal scientific who are rep of thelr respective
research groups. The survey solicitation was sent to the e-mail list serves of the International Conference on
Low Temperature Physics, LT25; the on Qi Fluids and Solids, QFS2009; a list of

principal Investigators using cryogenic *He in their research grants from the National Science Foundation, the

Program in Condensed Matter Physics; a list of principal investigators using cryogenic 3He in their research
grants I’rorn the Department of Energy, the Program in Basic Energy Sciences. These totaled approximately
2,300 I 5 of the « including research associates, postdoctoral fellows,
scientists, and finally, the principal or senior investigators who were asked, on behalf of their groups, to respond
to the survey.

This survey and a copy of the results were posted at: http://www.qfs2009 northwestern. edu/survey/

Survey Results:

Number of senjor investigator respondents: 2086
USA respondents: 98
Total *He purchases, yearly average over ten years: 3,469 Lfyear
maintenance and samples gas from research groups: 1,141 Lfyear
new (mostly refrig: ) frem 2,328 Lfyear
*He for cryogenic purposes purchase last year (2009): 3828 L
Price of *He last year, average (2009): 930 §/L

Scientific programs requiring cryogenic 3He (fraction of total):

Quantum Fluids and Salids 8 %
Superconductivity 24 %
Quantum Information 7 %

hitp { fweww qfs 2009 nortwestern. edusurvey) Page 10f3
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Mesoscopic Physics 12 %
Magnetism 12 %
Electranic Materials 10 %

Quantum Resonators 3%

Quantum Transport 12 %

Refrigeration Instrumentation 8 %

Detector Instrumentation 3%

Other 2%
Graduate student training using cryogenic “He, graduated in ten years: 3,349 students
Postdocs hired in ten years using cryogenic JHe: 2,322 postdocs
Research funding in ten years requiring cryogenic *He: 2.65 billion §

Comments on growth in the cryogenic use of *He:

Sufficient information in the responses was given to determine the following growth in req for
cryogenic use of 3He. Yearly increases in purchases for cryogenic *He are 12% per year on average. The
increase in cost in the past three years has been approximately a factor of 4 to 5 on average.

2005 23 %
2006 1%
2007 30 %
2008 - 20 %
2009 26 %

yearly average 12 %

Comments on impact from research that uses cryogenic *He:

The significant impact of research that uses cryogenic IHe includes 335 graduate student PhD's awarded per
year and 232 postdoctoral fellows hired per year (numbers for rates as described
in b) below averaged over the past ten years). Additionally, all thearetical work related to experimental
research that uses cryogenic 3He would not have taken place without this range of temperature for quantum

P lly increasing the student, staff, and funding Impacts beyond that shown in this

survey.
Reporting methodology:
3) The following nine companies provide cryogenic FHe instrumentation and reported their sales of He,
above in form: Chase Research Cryogenics, Cryomagnetics (including
Crvm:om:epts]. Janis Research, Lakeshore Cryotronics, Leiden Cry Oxford Instr Q
Design,
b) Purchases of He, not as a part of lal ion, made by research groups, reported

above, were adjusted by a survey respense fraction of 51%. This fraction is defined by the USA pool and was
assuned to be valid elsewhere in the world. The fraction is defined as the number of USA principal investigators
responding to the survey divided by the total number of funded USA principal investigators identified by
program mangers from the NSF/CMP and the DOE/BES. Error in corrections for survey response rate is
relatively small since 2/3 of the cryogenic He is purchased by the instrumentation companies for which we
have an accurate total response.

c) The responses were examined one-by-one to avold d and improp and to be sure that
each submission represented only one research group.

Click here to view an archived copy of the survay,

it fwww.afs 2009 northwestern edu  survey | Fage 2 of 3
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¢) Publications (10 selected from 201):

Spatially Resolved Electronic Structure Inside and Outside the Vortex Core of a High Temperature
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Discovery of the Acoustic Faraday Effect in Superfuid 3He-B, Y Lee, T. Hoard, W P. Halperin, and J.A. Sauls,
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Antiferromagnetism in the Vortex Cores of YBa,Cu,0,,. V. F. Mitrovic, E. E. Sigmund. W P, Halperin, A.P.
Reyes, P. Kuhns, W.G. Moulton. Phys. Rev B. Rapid 67, 220303 (2003).

Surface Specific Heat and Andreev Bound States, H. Choi, J.P. Davis, J. Pollanen, and W.P. Halperin, Phys. Rev.
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Intrinsic Impurity in the High Temperature Superconductor Bi,Sr,CaCu, Oy, Bo Chen, Sutirtha
Mukhopadhyay, W.P. Halperin, Prasenjit Guptasarma, and D.G. Hinks, Phys. Rev. B 77, 052508 (2008).

AR 1

Chairman MILLER. Thank you, Dr. Halperin.
Dr. Woods for five minutes.
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STATEMENT OF DR. JASON WOODS, ASSISTANT PROFESSOR,
WASHINGTON UNIVERSITY

Dr. Woobs. Chairman Miller, Ranking Member Broun, Members
of the Subcommittee, I am honored to be asked to testify today. My
name is Dr. Jason Woods. I am Assistant Professor of Radiology,
Physics and Molecular Biophysics at Washington University, where
I am also Assistant Dean of Arts and Sciences, and within the
International Society for Magnetic Resonance in Medicine, I am the
Program Director for our Hyperpolarized Media Study Group. I
have been involved with helium-3 magnetic resonance imaging
since 1997. My education and background are in nuclear-spin phys-
ics, helium-3 MRI, and the use of imaging for pulmonary physi-
ology and pathophysiology. My research is focused on the use of he-
lium-3 as a diagnostic imaging tool to precisely quantify lung ven-
tilation, lung microstructure, and to guide new interventions that
are being developed. In my testimony, I attempt to represent the
field of helium-3 MRI and the impact of the shortage on our field.

Now, if we ask seasoned pulmonologists how much their field has
changed in 25 years, responses will be that largely not much has
changed. There are the same technologies for measuring pul-
monary function. There are largely the same treatments. There are
a few new drugs available but not much has changed, and these
people see a large number of patients. Approximately 35 million
Americans suffer from obstructive lung disease. That is asthma
and COPD [Chronic Obstructive Pulmonary Disease] together. And
taken together, this is 35 million Americans. COPD alone is the
fourth leading cause of death and the only major leading cause of
death in the United States and in the world that is significantly
rising.

Helium-3 MRI is beginning to emerge as a new gold standard
biomarker for measuring pulmonary function and structure. Its
high signal creates extraordinarily detailed images of lung ventila-
tion, which I have shown you right here, a healthy patient and a
couple of volunteers with asthma and COPD.

[The information follows:]

Figure 2: High-resolution transverse ventilation images of (a) a healthy volunteer
and patients with (b) asthma and (c) COPD. This type of ventilation imaging
represented a huge leap forward in our ability to visualize and quantify regional
ventilation distribution and dynamics.

And its physical properties allow the determination of micro-
structure at the alveolar level. So here I have shown you a couple
of images which are maps of lung microstructure, again at the alve-
olar level.

[The information follows:]
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Figure 4: Maps of lung microstructure (color)
obtained from gas diffusion imaging, in two
volunteers with normal lung function and
normal CT, yet the patient on the right is a
current smoker and has a greatly reduced
alveolar depth. R and h are depicted below
within an individual alveolar duct
(perpendicular to the page).

So this kind of sensitivity to lung structure and function and the
ability to get regional maps of lung microstructure are allowing us
to basically lead a renaissance in pulmonary medicine, and I think
that in the next ten years we are going to see significant advances
within this field. A lack of helium-3 gas will stifle these advances.

Now, to be clear, the shortage affects my research acutely and
without any gas, my research as a young professor would be com-
pletely shut down and I would likely join the ranks of the unem-
ployed. But I think the larger impact of helium-3 MRI is on much
easier determination of the effectiveness of new drugs and devices
and in guiding new minimally invasive interventions, which is my
most recent work.

The lack of big leaps forward in drugs and devices in pulmonary
medicine over the last 10 and 20 years is largely due to the com-
bination of two things: the exceptional cost to bring a drug or de-
vice to market and the lack of a precise biomarker to determine
changes in lung function and structure, and one recent example il-
lustrates this well.

In 2007, GlaxoSmithKline released results of a study entitled
“Toward a Revolution in COPD Health,” or TORCH. The total cost
of the study was $500 million for 6,000 patients with moderate and
severe COPD, and in this case the endpoint was final: It was death
from all causes. It ranged from a high of 16 percent to a low of 12.6
percent, and they wanted to answer the question. Does Advair re-
duce mortality by as much as 20 percent? And unfortunately for
GSK, the question remains entirely unanswered because there was
a 5.2 percent chance that the difference between the groups oc-
curred randomly and the maximum accepted value is five percent.
So by my calculation, if we had used helium-3 diffusion MRI that
our group has developed as a biomarker and as an endpoint, then
6,000 patients would have turned into approximately 500 patients
and the $500 million study would have turned into a $50 million
study, saving $450 million and the question of efficacy would likely
have been answered. This is just one example of the significant im-
pact that I think that helium-3 MRI will have.

I firmly believe the helium that we use is 100 percent recyclable
and we can begin to do this in the next few years with a commer-
cially viable recycling scheme. From my perspective, the most im-
portant thing that I want to communicate to you today is that
without approximately 2,000 liters of helium-3 for our imaging
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community per year, we will basically curtail this revolution in pul-
monary medicine which is currently in progress.
[The prepared statement of Dr. Woods follows:]

PREPARED STATEMENT OF JASON C. WOODS

Chairman Miller, Ranking Member Broun, Members of the Subcommittee, I'm
honored to be asked to testify today. My name is Dr. Jason Woods; I am an Assist-
ant Professor of Radiology, Physics, and Molecular Biophysics and Assistant Dean
of Arts & Sciences at Washington University and an the Program Director for the
Hyperpolarized Media Study group of the International Society for Magnetic Reso-
nance in Medicine. I have been involved with medical imaging—specifically
hyperpolarized 3He MRI—since 1997. My education and background are in nuclear-
spin physics, 3He MRI, and the use of MR imaging for pulmonary physiology and
pathophysiology. My research has focused on the use of 2He as a diagnostic imaging
tool to understand regional lung ventilation, to precisely quantify lung microstruc-
ture and acinar connectivity, and to use imaging to guide new minimally-invasive
interventions. In my testimony I attempt to represent the field of 3He MRI and the

impact of the shortage on this field. I focus on the revolutionary way that 3He
MRI has illuminated pulmonary ventilation and microstructure, how its physical
properties make it unique and irreplaceable in many instances, its potential for
guiding interventions and drug development, and how a developing recycling tech-
nology can allow significant, sustained research into the future with approximately
2000 liters per year. In so doing I specifically address the questions outlined in your
letter to me dated April 9, 2010.

SUMMARY

If we ask seasoned pulmonologists today how much the practice of pulmonary
medicine has changed in the last 25 years, responses will largely be that very little
has changed—a few new drugs are available, but there is largely the same tech-
nology for measuring lung function and for treatment. 3He MRI, however, is begin-
ning to emerge as a new “gold standard” and revolutionary biomarker for measuring
pulmonary function and structure. Its high signal creates detailed images of lung
ventilation and dynamics, and its physical properties allow precise measurement of
alveolar size, microstructure, and regional lung function. This makes 3He MRI par-
ticularly sensitive to changes in both global and regional lung function and struc-
ture. We are at the cusp of leading pulmonary medicine to a renaissance of new
drug development and image-guidance of surgical interventions for various lung dis-
eases, such as asthma, fibrosis, and COPD, which currently affect 11% of the US
population. This imaging technology, as I speak, is currently serving as a catalyst
for pulmonology to see significant advances in the next 10 years. A lack of supply
of 3He gas will stifle these advances.

This 3He shortage affects my research acutely; it affects my employees and col-
laborators, and the research and livelihood of MRI groups in at least 11 US univer-
sities and at least that many universities abroad. For me personally, a lack of gas
will likely mean that my research is shut down, and I would join the ranks of the
unemployed. To be clear, however, I think the larger impact of this technology is
not on my research group but in drug development, in much easier determination
of the effectiveness of new pharmacologic agents, and in guiding new minimally-
invasive interventions (my most recent work). The lack of big leaps forward in drugs
to treat lung diseases—asthma, COPD, pulmonary fibrosis—has largely been due to
the combination of the exceptional cost to bring drugs to market and the lack of a
precise biomarker to determine changes in the lung. Pulmonary function tests, the
decades-old standard in pulmonary medicine, have notoriously high measurement
errors. Obstructive lung diseases (asthma and COPD), taken together, afflict ap-
proximately 35 million Americans; COPD alone is the 4th leading cause of death
and is the only major cause of death that is steadily increasing [1, 2]. The financial
and human impacts of the shortage are significant.

One recent example of drug efficacy testing illustrates the lack of a precise bio-
marker and its impact: in 2007 GlaxoSmithKline released results of an Advair
study, entitled “Toward a revolution in COPD health (TORCH).” The total cost was
estimated at $500 million dollars for this study in over 6,000 moderate and severe
COPD patients. The study endpoint was death from all causes, which ranged from
a high of 16% to a low of 12.6% for those on Advair. The key question was “Does
Advair reduce mortality by as much as 20%?” Unfortunately for GSK, the question
remained unanswered, because the statistical p-value of the difference was 0.052.
This means the difference in mortality had a 5.2% chance of occurring randomly,
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whereas the generally accepted limit is 5%. This $500M thus was largely wasted;
the company couldn’t answer the question about benefit, and patients and society
received no benefit or increased understanding from the study. If the 3He diffusion
MRI techniques that our group has developed, for example, were used as a bio-
marker and endpoint (not possible when the study began), 6,000 patients could have
turned into fewer than 500 patients, saving around 90% of the cost of the study,
or $450M. And the question about efficacy would likely have been answered. This
is only one example of the type of significant impact that I think 3He MRI is going
to have on pulmonary medicine.

There has been some discussion in the scientific literature about using
hyperpolarized 129Xe instead of 3He gas for specific future studies, and for some
studies this may be a viable alternative within the next 5-10 years [3], though the
intrinsic physical properties of 129Xe reduce the signal by a factor or 3-5 compared
to 3He. Some damage to the field could be tempered by outside assistance in devel-
oping this infrastructure and technology. However, many studies, like my NIH-fund-
ed research, rely upon 3He’s large diffusion coefficient for large-distance measure-
ments, and for this xenon will not be an alternative [4]. On the bright side, the 3He
that we use is nearly 100% recyclable, but we do not yet have the recycling tech-
nology in place to begin to do this. I believe firmly that the development of efficient
and commercially viable recycling schemes will allow this important work to con-
tinue, with a total allotment of around 2,000 Liters STP per year.

Lastly, I note that in 2009 an allocation of 3He was made specifically for the NIH-
funded medical imaging community. This was offered through Spectra Gases (now
Linde Gas) at $600/L. STP—an approximately 500% increase over previous years.
Because the price of 3He increased so quickly and by so much, research groups (who
have strict budgets from federal or private grants) were not able to plan for the cost
increase and are now scrambling for supplementary funding sources. This is the rea-
son why all of the 3He recently set aside for various medical imaging groups has
not been instantly purchased.

BACKGROUND

Conventional MRI relies upon a large magnetic field to generate a net alignment
of nuclear spins (generally within the hydrogen atoms of water molecules), which
can be manipulated to create images with high contrast. The technology allows im-
ages to answer specific questions about structure and function of the brain, joints,
or other parts of the body [5, 6]. MRI of gas is not generally used, since the density
of a gas is about 1000 times less than tissues, and there is not enough signal to
generate an image. The unique properties of the 3He atom allow us to align a large
fraction of its nuclear spins via a laser polarization technique with a magnetic field;
this is often called “hyperpolarization” [7, 8]. Hyperpolarized 3He gas has signals en-
hanced by a factor of 100,000 or more—allowing detailed images of the gas itself
to be generated in an MRI scanner. Since helium gas (either 4He or 3He) has a solu-
bility of essentially zero and is arguably the most inert substance in the universe,
inhaled hyperpolarized 3He allows the generation of exceptional quality, gas-MR im-
ages of ventilated lung airspaces with no ionizing radiation or radioactivity [9]. Fur-
ther, traditional technologies for measuring pulmonary function (e.g., pulmonary
function tests or nuclear ventilation scans) have either high errors on reproducibility
or low content of regional information. While x-ray CT has some potential for quan-
tifying lung structure (not function), its large amount of ionizing radiation raises
cancer risks and prevents it from being used in longitudinal studies for drug devel-
opment or in vulnerable populations, such as children [10, 11]. 3He is inert and has
proven to be very safe in studies to date (helium-oxygen mixtures[12] are used rou-
tinely in pulmonary and critical care); it is, however, currently regulated as an in-
vestigational drug by the US FDA.
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THE REVOLUTION OF SHE MRI ON PULMONARY IMAGING

Figure 1: Nuclear
ventilation scan

Ventilation

Previous technologies for imaging pulmonary ventilation generally involved the
inhalation of radioactive gas over a period of one to several minutes, and then de-
tecting what parts of the chest emitted the most radioactivity over several minutes.
This technology (nuclear ventilation scans) had low spatial and temporal resolution
(Figure 1). 3He ventilation MRI represented a clear step forward in depicting not
only precise, 3-D regional ventilation, but also in beginning to understand the re-
gional dynamics of human ventilation in health and disease.

Figure 2: High-resolution transverse ventilation images of (a) a healthy volunteer
and patients with (b) asthma and (c) COPD. This type of ventilation imaging
represented a huge leap forward in our ability to visualize and quantify regional
ventilation distribution and dynamics.

At present, 3He ventilation imaging is being used in a wide variety of studies and
holds high promise in increasing our understanding of the regional effects of asthma
and its treatment [13-16], in addition to COPD, and various types of lung fibrosis
[17, 18]. For example, it was recently found (Figure 2) that many ventilation defects
persisted over time, opening the door to new regional treatments for asthma—an
idea not previously pursued [19]. Because asthma is the most prevalent pulmonary
disease in the US, improved medical and interventional therapies, facilitated by 3He
MRI, can significantly improve care and lower health care costs.
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Figure 3: “He diffusion image (color)
of a human lung with heterogeneous
COPD, demonstrating the ability of
the *He ADC to predict morphometry.

Diffusion and In-vivo Morphometry

Three unique physical properties of 3He make it particularly well suited for meas-
uring lung airspace size, geometry, and connectivity, by quantifying its restriction
to thermal diffusion in the lung. These properties are 1) its small size (and thus
large thermal diffusion coefficient), 2) its lack of solubility in tissue, and 3) its long
relaxation time, T;. Since 3He is insoluble and has a large diffusion coefficient, colli-
sions with airway and alveolar walls restrict the movement of the gas. This restric-
tion can be measured and quantified using diffusion MRI. In fact, our group in par-
ticular has had a focus on 3He diffusion MRI; we have shown that the technique
is extraordinarily sensitive to airspace enlargement and has better discrimination
than quantitative histology—the gold standard for airspace quantification in lung
parenchyma (Figure 3). We have recently shown that the technique can be used to
measure the size and geometry of alveolar ducts—allowing regional morphometry of
the human lung, in vivo (Figure 4). These types of measurements are not available
by any other noninvasive technique and represent a leap forward in our under-
standing of lung microstructure and our ability to quantify early disease.

Figure 4: Maps of lung microstructure (color)
obtained from gas diffusion imaging, in two
volunteers with normal lung function and
normal CT, yet the patient on the right is a
current smoker and has a greatly reduced
alveolar depth. R and h are depicted below
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Airspace enlargement (emphysema) is a significant component of chronic obstruc-
tive pulmonary disease (COPD)—the only leading cause of mortality with dramatic
increases in the US and the world [2]. Quantifying this airspace enlargement in a
reliable and precise way, as 3He MRI easily can, has enormous potential therapeutic
benefit for patients with COPD. No other measurement modality has such potential
to detect early disease, disease progression, or to quantify microstructural param-
eters in the 3He MRI can. Figure 4 demonstrates this in two volunteers with normal
lung function by pulmonary function test and with normal CT scans; 3He MRI, how-
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ever, can distinguish early lung disease in the smoker at right. This extraordinary
sensitivity to early disease makes it a prime biomarker for use in drug development
and efficacy testing.

One particularly unique quality of 3He comes from the combination of its large
gas diffusion coefficient and insolubility in tissue. This allows us to the diffusion of
the gas over very long distances (2-5 ¢cm) and has been called “long-range diffusion”.
Because these distances are larger than any acinar dimension, the technique is sen-
sitive to the extent of “collateral” or short-circuits pathways other than the airway
tree in the lung. These collateral pathways are essential to quantify for two mini-
mally-invasive interventions that are being developed for end-stage COPD:
transbronchial stents (Broncus Technologies, Inc.; Mountain View, CA) and one-way
exit valves in segmental bronchi (Spiration, Inc.; Redmond, WA). My most recent
NIH-funded research involves the use of long-range 3He diffusion to guide and pre-
dict the efficacy of these minimally-invasive interventions under development. Early
results are quite promising, and demonstrate that the imaging will do quite well
at %uiding the therapy, but the shortage of 3He has had a negative impact on the
study.

Regional Pulmonary Oxygen Monitoring

The long relaxation time T; of 3He and its sensitive dependence on oxygen con-
centration allow us to measure the regional partial pressure of oxygen in the lung.
Maps of this partial pressure (pAO) in the lung can be used to understand regional
pulmonary blood flow and diffusion of oxygen into capillaries—the essential purpose
of the organ. Not only can pAO- be used to measure deficiencies in the partial pres-
sure of oxygen, but it can be employed to understand the regional relationship be-
tween structure and function in the lung, at its most fundamental level (oxygen and
CO; transfer). Again, this is a technique only possible via 3He MRI.

Partial List of Currently Funded 3He Imaging Projects in North America

The following list of current 3He MRI research projects is far from complete but
represents the broad range of lung diseases studied and research funded by both
the NIH and by US-based private industry:

Assessing drugs for treatment of cystic fibrosis: University of Massachusetts
(Dr. Albert, et al.)

Detecting early and preclinical COPD: Washington University (Dr. Yablonskiy,
et al.)

Detection of pulmonary metastases with 3He: Duke University (Dr. Driehuys, et
al.)

Detecting and treating pulmonary embolism: University of Massachusetts (Dr.
Albert, et al.)

Diffusion kurtosis imaging in asthma, COPD and in the lungs of 9/11 NYC
firefighters: New York University (Dr. Johnson, et al.)

Drug Efficacy in preclinical models of asthma and COPD: Duke University
(Dr Driehuys, et al.)

Early detection of bronchiolitis obliterans syndrome in lung transplant re-
cipients: Washington University (Dr. Woods, et al.)

Evaluation of endobronchial interventions for COPD: Washington University
(Dr. Woods, et al.), Robarts Imaging Institute (Dr. Parraga, et al., University
of Virginia (Dr. Altes, et al.)

Evaluation of a novel treatment for asthma: University of Virginia (Dr. Altes,
et al.)

Evaluation of a novel treatment for cystic fibrosis: University of Virginia (Dr.
Mugler, et al.)

Imaging of small-animal models of diseases: Duke University (Dr. Johnson et
al.), Washington University (Dr. Woods, et al.)

In-vivo morphometry with 3He diffusion MRI: Washington University (Dr.
Yablonskiy, et al.)

Measuring regional pulmonary oxygen pressure by 3He MRI: University of
Pennsylvania (Dr. Rizi, et al)

Monitoring Progression of COPD: Duke University (Dr Driehuys, et al.), Robarts
Imaging Institute (Dr. Parraga, et al.), University of Virginia (Dr. Mugler, et
al.), Washington University (Dr. Yablonskiy, et al.)
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Neonatal ventilation and dynamics under mechanical ventilation: Harvard
University (Dr. Patz et al.), University of Virginia (Dr. Miller, et al.)

Noninvasive methods for measuring alveolar surface area: Harvard Univer-
sity (Dr. Patz, et al.), Washington University (Dr. Yablonskiy, et al.)

Persistence of Ventilation Defects in patients with asthma: University of Vir-
ginia (Dr. Altes, et al.), University of Massachusetts (Dr. Albert, et al.)

Predicting ventilation changes caused by radiation therapy: Robarts Imaging
Institute (Dr. Parraga, et al.), University of Virginia (Dr. Mugler, et al.)

Probing the fundamental limits of MRI resolution by diffusion: Duke Univer-
sity (Dr. Johnson, et al.)

Pulmonary Gas flow Measurements and Dynamic 3He MRI of the Lungs: New
York University (Dr. Johnson, et al.)

A Specialized Clinically Oriented Center of Research for COPD: (Dr.
Holtzman and Dr. Woods, et al.)

THE SHE SHORTAGE AND ITS EFFECTS

Timeline

Late in 2008 our research group and others became aware that there was a sup-
ply issue with 3He gas, through conversations with Spectra Gases, Inc. We imme-
diately purchased some gas to continue imaging studies in COPD patients. In
March, 2009, we were told there was no gas available for medical applications and
that the price of non-medical 3He had risen to near $400/L STP. Conversations with
colleagues at the University of Virginia, Harvard University, and the University of
Pennsylvania confirmed that others were also unable to purchase 3He gas. In April-
June of 2009, we worked with Spectra Gases and other universities to state our 3He
requirements to continue NIH- and NSF-funded research in 2009; Spectra Gases
then met with the Department of Energy (DOE) in July and August to make clear
that US Government-funded research was being affected. In August 2009, Spectra
approached me and the other officers of the Hyperpolarized Media Study Group of
the International Society for Magnetic Resonance in Medicine (the primary profes-
sional organization for 3He MRI researchers) to write a letter to the Isotope Work
Group of the DOE, stating how 3He is unique in medical imaging and that a signifi-
cant amount of NIH-funded research would be effectively shot down without access
to the small amount of gas that our community uses (2000 L. STP/year, approxi-
mately). Dr. William Hersman and I drafted this letter, dated September 4, 2009;
it is attached to the end of this written testimony. In October 2009 we were notified
by Spectra Gases that an algorithm for obtaining a small amount of 3He gas for
NIH-funded studies had been achieved. In order to obtain any gas, we were to list
each federally-funded grant’s title and number, and for each a requested amount of
gas for the subsequent 6 months of usage. 3He was offered to our group for $600/
L STP, an approximately 500% increase from previous years. I also drafted a letter
in support of Spectra’s modification of their permit for 3H (tritium) limits with 3He,
in addition to letters of support for allocation of 3He to two non-US researchers who
do important work; these are also attached to this testimony. At a recent AAAS
meeting (April, 2010), it was made clear that the White House Office of Science and
Technology Policy (OSTP) had been diligently and actively pursuing a solution to
this shortage by facilitating discussions between DOE and DHS. My understanding
is that OSTP was helpful in (perhaps in large part responsible for) the 2009 and
2010 allocation of 3He gas to NIH-funded projects.

Impact of the Shortage upon Medical Imaging Research

While I have stated that I think the biggest impact of 3He MRI technology is in
drug development, efficacy monitoring, and in guiding new minimally-invasive inter-
ventions, the impact of the shortage was most keenly felt by those of us in the mid-
dle of performing NIH- and industry-funded research studies. Some of us (like our
group at Washington University) were able to continue to perform studies at a lower
rate and were able to purchase gas at $600/L STP, once it became available. Other
groups, such as the Robarts Imaging Institute, have not been able to continue 3He
studies, even if these studies were funded by US companies. Even for US, NIH-
funded researchers, however, the price of 3He increased so quickly and by so much
that research groups were not able to plan for the cost increase and are now scram-
bling for supplementary funding sources. This is the reason why all of the 3He re-
cently set aside for various medical imaging groups has not been instantly pur-
chased. The shortage has had a significant negative impact on the continued produc-
tivity of our research community and on the probability of future research. Impor-
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tantly, if sufficient 3He is not allocated to medical imaging at reasonable cost, this
will likely curtail the revolution in pulmonary medicine currently in progress.

Financial and Scientific Impact

It is difficult to gauge the precise financial impact of the 3He shortage on the field
of hyperpolarized-gas MRI. It is clear that fewer studies are being conducted and
planned as a result of this shortage. It is probably safe to say that all studies men-
tioned previously have been scaled back by a factor of 2 or more. By my count, the
National Institutes of Health are currently supporting at least 25 active projects re-
quiring 3He, with over $4M allocated for FY2010. If we assume similar funding for
the past 8 years, with less funding before that, this represents an investment of
over $32M via NIH funding alone. When added to the significant (but more difficult
to quantify) investment from the NSF, private and public universities, and private
industry, the total investment in 3He MRI is likely between $60M and $100M over
the past 10 years.

While the above numbers represent an enormous investment in 3He polarization
and MRI infrastructure, it is my opinion that the biggest financial impact of the
shortage is on future drug development, efficacy monitoring, and in guiding new
surgical and minimally-invasive interventions. Through the use of more precise bio-
markers, such as we have developed via 3He MRI, the number of patients required
to determine the true efficacy of a drug or device can be reduced by large fractions
(up to 90% by a recent calculation from our techniques), which would translate di-
rectly into proportionate cost savings. The GSK example of the TORCH study men-
tioned in the Summary is illustrative. The key question was “Does Advair reduce
mortality by as much as 20%?” Unfortunately for GSK, the question remained unan-
swered after studying 6000 patients and expending $500M, because the statistical
significance was not high enough to determine an answer to the vital question. If
the 3He diffusion MRI techniques that have been discussed here were used as a bio-
marker and endpoint (not possible when the study began), 6,000 patients could have
turned into fewer than 500 patients, saving around 90% of the cost of the study,
or $450M. The question about efficacy would likely have been answered, and the
company could have devoted its efforts to the marketplace, if successful, or to newer
and more innovative solutions, if unsuccessful.

The scientific impact of the shortage is serious. Scientific studies and investiga-
tions into lung physiology and pathophysiology and new treatments are being scaled
back; without a clear solution in place, the revolution in pulmonary medicine will
be at least partially curtailed. In one case that I'm very familiar with, research has
ceased entirely because of a lack of 3He gas. The Robarts Research Institute in Lon-
don, Canada was established in part with capital funding provided by and research
partnerships with Merck Research Laboratories (Imaging, Westpoint PA USA) and
General Electric Health Care (GEHC, Milwaukee WI). They have been performing
3He MRI studies in animal models of respiratory disease, in healthy volunteers, and
patients with lung disease (COPD, asthma, cystic fibrosis, radiation-induced lung in-
jury). Their human studies are funded by Merck, GEHC, the Canadian Lung Asso-
ciation and Canadian Institutes of Health Research. Without a small allocation of
3He to this institution, their entire pulmonary MRI operation will be shut down, and
further investment by US companies will be lost.

POTENTIAL ALTERNATIVES TO sHE

Two noble gas isotopes (3He and 129Xe) were originally identified as having poten-
tial for use in pulmonary MRI, since they could be hyperpolarized to 10% or more
with sufficient laser power (originally very expensive and technically complex).
Other gases (e.g. 83Kr, 21Ne) have potential for low levels of hyperpolarization, but
their nuclear and physical properties will prevent high polarizations in bulk gas or
their widespread use in human MRI. When high-power, low-cost diode laser tech-
nology became available in the 1990s, these lasers were used to produce macroscopic
quantities of 3He at high polarization (~50-60%), and 129Xe at much lower polariza-
tion (= 10%). The comparative physical properties of the gases and early
hyperpolarization technology led to near-universal adoption of 3He as the gas of ne-
cessity for pulmonary gas MRI. These properties are outlined below.

1. The magnetic moment of 129Xe is only about 1/3 that of 3He; this is directly
related to the signal strength in MRI. Further, the natural abundance of 129Xe is
only 26%; both of these reduce the available signal in the hyperpolarized gas intrin-
sically by a factor of 6. Enrichment of the isotope (at significant cost, since 129Xe
is close 1n weight to the abundant isotopes of Xe) can reduce this intrinsic signal
reduction to a factor of 3 below 3He. The achievable polarization with xenon has also
been historically lower than with 3He, and the delivered dose of xenon gas is limited
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by its anesthetic activity. In short, hyperpolarized xenon does not yield the high sig-
nal-to-noise that 3He does, which means that xenon delivers poorer quality images
and less physiological information. The sum of the effects of lower magnetic moment
(gyromagnetic ratio), lower abundance, lower polarization, and lower dose add up
to an approximate reduction in signal by a factor of 50. The efforts of Dr. William
Hersman (XeMed, LLC) have helped to increase 129Xe polarizations, but this new
technology requires new, significant capital investment by each hyperpolarized
group wishing to switch to 129Xe. Even with “perfect” new technology which achieves
comparable polarization and with isotopically enriched gas, the signal reduction is
still intrinsically limited by the magnetic moment and limited dose—a factor of 3—
5—and many experiments and clinical trials are not possible with 129Xe. This is par-
ticularly true for measurements of lung morphometry and connectivity.

2. The free diffusivity of 3He is extremely large, because of its low mass and small
collisional cross-section. This property is crucial to measurements of long-range
diffusivity in lungs, which have been shown to be more sensitive to emphysema
than short-range diffusivity. By comparison, the much lower free diffusivity of xenon
greatly reduces the distances that can be explored with the long-range technique.
To our knowledge, no one has even reported long-range diffusion measurements in
lungs with hyperpolarized xenon for this reason. Several of our NIH-funded projects
rely upon a measurement of long-range 3He diffusion and would not be completed
without the 3He isotope. Further, larger field gradients are required even for short-
range diffusion experiments; this may require further capital costs.

3. The long T; of 3He allows it to be shipped by air freight. This has been dem-
onstrated in Europe and the Mayo Clinic (in addition to a current proposal by Dr.
Hoffman’s group at the University of Iowa) as a feasible business-model for polar-
ized gas use in hospitals, removing the necessity of each hospital having its own
dedicated polarizer (a requirement that has so far limited the clinical utilization of
polarized gas). By comparison, the T; of xenon is shorter (of order 2 hours), making
air shipment virtually impossible to orchestrate.

3He will remain a necessity for MRI researchers because of the physical properties
mentioned above (specifically its high diffusion coefficient). The intrinsic properties
of 129Xe will necessarily limit the images to have a factor of 3 reduction in signal
compared to 3He images. The polarization of 129Xe has seen significant improvement
in the past 3—4 years, however, and some recent images of ventilation have had ac-
ceptable contrast, even though the signals were not as high as for 3He. And while
the relatively large solubility in tissue has an anesthetic effect on animals and hu-
mans, this property can be capitalized upon in an attempt to quantify diffusion
across gas-tissue barriers. There is thus a potential role for t29Xe in perhaps half
of the future hyperpolarized-gas MRI studies.

RECYCLING HE

Since helium is not soluble in the tissues of the body, it can be very highly recov-
erable, yet most research groups do not have systems currently in place to recapture
and compress exhaled gas. The hyperpolarized helium research community has
demonstrated in the past that inexpensive technologies can be assembled for easily
solvable problems within the field, and the technology for recycling of 3He is
straightforward. (For example, since 3He is a liquid at 4 K [4 degrees above absolute
zero], all other gases, particulate and biological matter can be frozen out by passing
through a liquid 4He bath at 4 K.) Both Washington University (Dr. Woods, et al.)
and the University of Virginia (Dr. Miller, et al.) are currently collaborating with
Walter Whitlock, of Conservation Design Services, Inc., in North Carolina, to de-
velop commercially-viable recycling for wide use in the 3He MRI community. This
recycling collaboration is not yet funded but is currently underway. I believe that
the important and significant scientific research outlined in this testimony can be
sustained and performed with around 2,000 total STP liters of 3He per year, after
development of good recovery/recycling systems for 3He.
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September 4, 2009

RE: 'He is unique and irreplaceable - Letter to the Isotope Work Group of the US Govemment
in relation to release of *He for medical imaging.

Dear Keith,

Our undcmndlng is that the US government’s “isotope work group™ may beneFt from some

dditi i ion and a from the hyperpolari. y ing the
necessity of "He as the hyperpolarized isotope of choice for our pu]munary umlyng, studies and
clinical trials, *He has cmerged as a new and unigue dard for pul Y ing, both for

its high signal, physical properties (specifically, a high d1l'fua|on coefficiem, allowing
morphometric measurements of alveolar spaces), developed infrastructure, and mature
polarization technology. There has been some discussion in the literaure about using
hyperpolarized xenon instead of "He gas for specific future studies, but it is clear to us that
hyperpolarized xenon is simply not suitable 1o replace He at this point, both for scientific and
practical reasons.  We outline these reasons below, In the long run, we believe that significant
scientific research can be performed with around 1000-2000 STP liters of "He after development
of good recovery/recycling systems for "He.

1. The magnetic moment of '**Xe (the spin % stable isotope) is only about 1/3 that of *He, and
the natural abundance of '**Xe is only 26%; both of these reduce the available signal in the
hyperpolarized gas. The achievable polarization with xenon has also been historically lower than
with *He, and the delivered dose of xenon gas is limited by its anesthetic activity. In short,
hyperpolarized xenon does not yield the high signal-to-noise that "He does at this point in time,
which means that xenon delivers poorer quality images and less physiological information. The
sum of the effects of lower gyromagnetic ratio, lower abundance, lower polarization, and lower
dose add up to an approximate reduction in signal by a factor of 50, In the future, the achievable

Mullischondt Instiute of Radiok
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polarizations of xenon are expected to improve, though we do not view this as a viable
replacement for "He for the reasons stated herein. The efforts of Dr. Bill Hersman (XeMed,
LLC) have helped to increase e puluﬁz:ll'mns but this new technology mquin:s new,
significant capital i by cach hyperpolari gmup wmhmg to switch to '"¥Xe. Even
with “perfect” new technol which achi polarization and with isotopicall
enriched gas, the signal reduction is still limited by Ihc gyromagnetic ratio and limited dose—a
factor of 3-5—and many experiments and clinical trials are not possible with '*Xe.

2. Different physical properties of Xe and He lead to differences in the investigations that can
be performed with the two gases. One big difference is the self diffusion coefTicient; the free
diffusivity of "He is extremely large, because of its low mass and small collisional cross-section.
This property is crucial to of long-range diffusivity in lungs, which have been
shown to be more sensitive to emphysema than short-range diffusivity. By comparison, the much
lower free diffusivity of xenon (neat, or mixed with air or nitrogen) greatly reduces the distances
lhal:anbe plored with the long-range technique. To our k ge, no one has even reported

diffusi in lungs with hyp larized xenon for this reason. Several
of our 'NIH funded projects rely upon a of long-range "He diffusion and would not
be completed without the “He isotope.

3. The long T, of *He allows it to be shipped by air freight. This has been demonstrated in
Europc and the Mayo CFlnlc (in addition to a current proposal by the lowa group) as a feasible

del for polarized gas use in hospital ing the necessity of each hospital having

its own dedi 1 polarizer (a requi that has so fnr limited the clinical utilization of
po!urmed 2as). By cumpanson the Ty of xenon is shorter (of order 2 hours), making air &hlpmml
irtually 10 Further, the hyperpolarized helium has
d i that inexpensiv hnologies can be bled for recapturing and recycling of

the *He gas used for medical imaging. Since helium is not soluble in the tissues of the body, it
can be very highly recoverable.

4. Many groups in the field using hyperpolarized *He have existing, funded grants, most of
which are from the National Insti of Health, rep ing a $100 million investment over the
past decade in i and expertise. A substantial d in availability or increase in
price of "He would be an insurmountable burden on these groups and their research efforts. In
this regard, we ask that you note that switching from *He 10 xenon (assuming xenon is suitable
for the proposed measurements; see above) would entail large equipment expenses, which
current funding would not cover. A conversion of existing polarizers on loan from General
Electric (or built in-house by scientists) would require major, expensive changes: imaging would
have to occur with new rf coils (now often complex multi-receiver "phased arrays”), pulse and
| and an blished mulu -year safety record. Even with such a large
capital and time i for xenon Itant images with '*Xe would be inferior
1o what our current *He studies require,
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In summary, we see a huge loss of scientific productivity, a wasting of a large investment in
medical research infrastructure, a forestalling of medical advances for the US patient population,
and irreparable damage to careers of scientists and students without an immediate release of’ “He
for use by the medical research community. While hyperpolarized xenon may, in the long term,
mect some of the medical needs presently served by *He, we do not sce this making an impact
without a large investment in time (several vears) and research dollars (=S10M), the funds for
which do not exist. Even if that investment were made, clinical trials currently underway would
have to be restarted.  If, on the other hand, a programmatic release of *He over the next several
years were allowed, important research with the existing infrastructure could continue. Market
forces or quantity restrictions will rapidly result in technological and methodological ways of
maximizing the progress using as little *He gas as possible,

On behalf of the Hyperpolarized Media Study Group of the | ional Society of Mag

Resonance in, Medicine,
% e W

Jason C. Woods, Ph.DD,

Program Chair, Hyperpolarized Media Study Group

Assistant Professor of Radiology, Physics, & Molecular Biophysics
Assistant Dean of Arts & Sciences

Washington University

._) R
%{L% Hyud bt

F. William Hersman, Ph.D.

President, Hyperpolarized Media Study Group
Professor of Physics, University of New Hampshire
CEO, Xemed, LLC
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U.S. Nuclear Regulatory Commission
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September 30, 2009

RE: modification of Spectra Gases' permit (license # 29-30779-01) for tritium contained within
helium gas.

To whom it may concern:

We understand that the US Nuclear Regulatory Commission may benefit from some
additional information and a from the hyperpolarized-gas ity regarding the
modification of Spectra Gases” license for tritium limits within the stable isotope *He, which our
community uses routinely for pulmonary medical imaging via MRL  Our position is that the
levels of allowed tritium within inhaled "He gas (5 x 10 pCilce) is many orders of magnitude
below any level potentially harmful to humans. This position is based upon our own calculations
and those provided by the Department of Energy, within the Handbook, Tritium Handling and
Safe Storage (DOE-HDBK-1129-99). We urge that the requested modification to the license,
which will allow more *He to be used for NIH-sponsored and other research projects within our
scientific community, be granted expeditiously.

We offer a calculation below to illustrate the safety of the allowed level of tritium within
He gas. Since each research group uses a slightly different amount of "He per experiment
(which range from 300 mL to 1000 mL) we assume the maximum of 1000 mL He per
experiment and 3000 mL *He per imaging session in the calculations.

The DOE Handbook Tritium Handling and Safe Storage correctly notes that tritium is not
readily absorbed from inhaled gases or through the skin. (This is due to its very low solubility in
tissue and blood—near the low value of "He gas itself.) They state on p. § that, “A very small
fraction of the inhaled hydrogen isotopes, in gaseous form, is not exhaled, but is dissolved in the
blood stream and then exhaled after a few minutes.” This handbook concludes that a 0.5 uCifee
concentration of tritium gas inhaled occupationally for | year would be the equivalent of a 5 rem

dose. Therefore, the allowed level of tritium in “He (via Spectra Gases’ license—S5 x 10™ uCifec)
Mallinckeod Instivuir of Radiology
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would be equivalent to 5 x 10 rem if exposed occupationally to this concentration over an entire
year (assumes 2400 m’ of gas at that concentration was inhaled--much more than ever feasibly
inhaled for medical imaging). A typical value of a very large dose of "He (30 L, or 3 L per
session for 10 sessions) would result in a dose of 6.3 x 107" rem.

The average American is subj d to multiple sources of radiation exposure, many of
them from natural sources. By far the largest natural source of radiation exposure to humans is
from radon (200 mrem/yr). However, even the chemical makeup of the human body includes
carbon-14 and potassium-40 (40 mrem/yr). Cosmic rays deliver a continuous natural source of
ionizing radiation (27 mrem/yr). Because the dose caleulated above for tritium in He is a
roughly billion times smaller than the one year burden from these natural exposures, we argue
that its contribution constitutes an insignificant risk.

On behalf of the Hyperpolarized Media Study Group of the International Society of Magnetic
Resonance in Medicine,

caty”

Jason C. Woods, Ph.D.

Program Chair, Hyperpolarized Media Study Group

Assistant Professor of Radiology, Physics, & Molecular Biophysics
Assistant Dean of Arts & Sciences

Washington University
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F. William Hersman, Ph.D.

President, Hyperpolarized Media Study Group
Professor of Physics, University of New Hampshire
CEO, Xemed, LLC
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74

£ Whashington University in St.Louis

SCHOOL OF MEDICINE
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November 18, 2009

RE: release of "He as

To whom it may concern:

I write in support of the release of 'He gas for medical imaging to Dr. Giles Santyr and Dr.
Grace Parraga, of the Robarts Rescarch Institute in London, Ontario. Both Dr. Santyr and Dr.
Parraga are pillars of the hyperpolarized gas community. They have active collaborations

within the United States, are both at the cutting edge of medical-i h; their
for gas release should be granted,

The pulmonary-imaging group at Robarts has broken new ground in the quamtification of
ventilation defects and their relationship to disease severity and progression in both asthma and
COPD. Researchers and clinicians in the United States have directly benefited from their work
and will continue to do so if this request is granted. Their research is mainly funded by the
Canadian Institutes of Health (similar 10 our National Institutes of Health), and they have
advisers and collaborations with researchers in the United States. | personally have visited their
facility in the past 6 months, in part to discuss a collaboration with our group at Washington
University and in part in an advisory role, as I serve on an external board of advisors to one of
their CIHR grants.

In addition to being active contributors to the US and international community of medical
imaging, they have developed good educational-industrial p hips with US companies such
as General Electric.  Their past work with US companies has resulted in significant
improvements of ultrasound, CT, and MRI technology, which benefits the US companies, US
researchers, and US citizens at large. A failure to release "He gas to this research team would
igni ly impede progr in the field and would have a detrimental impact on
laborations with US hers and i

P

(-W

Jgson C/Woods, Ph.D.

Sincerely,
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510 South Kingshighway « St Louis, MO 63110 # 314-362-9187 » Fax 314-935-6219 # jason woods@wustl.edu



75

2 Washington University in St.Louis

SCHOOL OF MEDICINE

Jason €. Woods, Ph.D.
Physics, & Molecular Biophysics
Assistant Dean of Ars &

Director, MARC uSTAR Progra

Assistant Professor of Radio

ety

Division of Nuclear Matenals Safeny
ssion

LS. Nuclear Regulatory Comim

Ce Spectra Gases, Inc. (Jack Faught, Keith Darabos)
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November 19, 2009

RE: release of "He gas

To whom it may concern:

1 write in support of the release of "He gas for medical imaging to Dr. Frank Thien, of Monash
University & Box Hill Hospital in Melbourne, Australia. Dr. Thien has recently been
successful in performing "He MRI with gas transported via an intercontinental commercial
airline. Their work supports the success of a model of central production and distribution, even
to a destination halfway around the earth from the production facility,

D, Thien is funded by the National Health and Medical Rescarch Council, which is the
Australian equivalent of our National Institutes of’ Health. He has active collaborations in
Europe and in the United States with Dr. Kim Prisk at the University of California San Diego.
Their collective work together is very scientifically productive and important to the field of
hyperpolarized-gas imaging. Researchers and clinicians in the United States have directly
benefited from their work and will continue to do so if this request is granted.

In addition, the amount requested (30 STP liters) is rather modest and will represent only a very
small fraction of the total medical-gas utilization of "He

Sincerely,

Mallinckrods Instinure of Radiology

vway # 5t Louis, MO 63110 » 314-362

510 South Kin, 14-935-6219 » jason, woods@wusl edu

BIOGRAPHY FOR JASON C. WoODS

Dr. Jason C. Woods received an undergraduate degree from Rhodes College in
1997 and his Ph.D. in physics from Washington University in St Louis in 2002. He
is currently an Assistant Professor of Radiology, Physics, and Molecular Biophysics
and Assistant Dean of Arts & Sciences at Washington University. He is also the
Program Director for the Hyperpolarized Media Study group of the International So-
ciety for Magnetic Resonance in Medicine, where much of the world’s
hyperpolarized-gas MRI is reported. His internationally recognized, NIH-funded re-
search has focused on the production and application of hyperpolarized gases (3He
in particular) to the study of lung ventilation, structure, and function in health and
disease—COPD in particular. This interdisciplinary work has involved national and
international collaborations with physicists, radiologists, pulmonologists, and sur-
geons—most recently in using imaging to guide new minimally-invasive interven-
tions.
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In his role as Assistant Dean within Arts & Sciences at Washington University,
his multidisciplinary research is mirrored by multidepartmental administrative ef-
forts in biomedically-related science fields and in the retention and graduate-school
pursuits of STEM majors. He is Program Director for the MARC uSTAR program
at Washington University—an NIH-funded program intended to increase the pipe-
line and diversity of biomedical scientists at the PhD level.

Chairman MILLER. Thank you, Dr. Woods.

I now recognize myself for the first round of questions. All of you
have described your uses for helium-3. All of you obviously have re-
lied upon technology or used or developed technologies that as-
sumed the availability of helium-3. The only domestic supplier was
the Department of Energy. Were any of you advised by the Depart-
ment of Energy, by DOE of any future shortage? Mr. Anderson.

Mr. ANDERSON. Mr. Chairman, we had discussions with the iso-
tope office who has been distributing helium-3 through the years,
going back to the first auction back in the 2003 time frame. We
were not aware of any shortages. At the time, we were under the
impression that to understand exactly how much helium-3 was
available might be, you know, sensitive information because of the
nature of the generation of it.

Chairman MILLER. Anyone? Mr. Arsenault.

Mr. ARSENAULT. No, we were not notified. We rely on our ven-
dors to let us know if there are any supply problems.

Chairman MILLER. Anyone else? Dr. Halperin.

Dr. HALPERIN. In the case of cryogenics, eight months ago, speak-
ing on behalf of that entire community summarized at a recent con-
ference, that there was no knowledge other than anecdotal from
the marketplace. Nothing from the DOE specifically, and to the
present date, nothing from the DOE.

Chairman MILLER. Dr. Woods?

Dr. Woobs. No, we were not notified by DOE. Our information
came directly from the marketplace.

Chairman MILLER. Dr. Brinkman, we have heard that probably
the current use of helium-3 that is going to be the hardest to find
or substitute for is cryogenics. Is there any substitute in your work
in cryogenics? I am sorry, Dr. Halperin. That is what I meant to
say.

Dr. HALPERIN. There is absolutely no substitute. The reason is,
it depends on the very interesting physical properties of helium-3,
below one degree Kelvin. The range of materials and applications
below the temperature of one degree Kelvin are not accessible un-
less you use refrigerators that depend on helium-3 and use helium-
3.

Chairman MILLER. I am assuming that none of you are in a posi-
tion to manufacture tritium or really to engage in any kind of re-
search for alternatives. Do you have a sense of whether there
should be research into manufacturing helium-3 if there is no sub-
stitute or finding alternatives, whether that is something that
should be funded by some agency of the government? Mr. Ander-
son.

Mr. ANDERSON. Mr. Chairman, we have responded to a request
for information from the DNDO with regard to processing helium-
3 from natural gas, so we have looked at it and we do have an or-
ganization within GE that has the capability to explore that.
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Chairman MILLER. Anyone else? We can go down and have ev-
eryone—Mr. Arsenault.

Mr. ARSENAULT. We are a small company, 70 employees, so we
don’t have a very large R&D group so we cannot pursue that. We
have to use detectors and incorporate them in our tools. Our tools
are 2-1/8, the smallest in the industry, so we have limited geom-
etry, so we have to rely on technology that is existing, and it is
used throughout the whole industry.

Chairman MILLER. Dr. Halperin.

Dr. HALPERIN. Yes. I had just mentioned that it turns out in cry-
ogenics there isn’t an alternative based on quantum mechanics, but
the agencies could help extensively by supporting communication
among all of those who are involved such that planning at the base
level as well as in the agencies can take place, and this does not
exist at the present time, and furthermore, the agencies, meaning
the research agencies, could help significantly in recycling and con-
servation or funding suggestions for recycling and conservation.

Chairman MILLER. Dr. Woods, you may answer. You are not re-
quired to answer.

Dr. Woobps. Well, Chairman Miller, thank you. By my esti-
mation, approximately 30 percent of the studies that are currently
underway with helium-3 may be replaced with xenon—129 but that
technology is still under development and some grants from the
NIH or from NSF or development of xenon—129 would facilitate the
transition of some of those studies to xenon—129.

Chairman MILLER. The Chair now recognizes Dr. Broun for five
minutes.

Mr. BROUN. Thank you, Mr. Chairman.

Mr. Anderson, in your testimony you state that, “Federal re-
search funding is essential to supplement private sector efforts to
accelerate development of replacement technologies.” Why is fed-
eral R&D essential when there is a clear and sizable market de-
mand ready to pay for alternative technologies?

Mr. ANDERSON. It is a fairly significant endeavor to research
these products. The first one, the boron-10 solution we are working
on today, has come at quite a significant cost to GE and there is
a fairly large market there, but as you start looking at the neutron
scattering applications, the oil and gas applications and the nuclear
safeguards applications, the technology development there is going
to be very, very significant. I don’t even know at this point what
that is going to involve, and then again to commercialize it into a
product that can be fielded is going to be very significant. So with-
out funding, you know, we will do what we can do but it would cer-
tainly help accelerate our development programs.

Mr. BROUN. But in the private sector, isn’t this part of the cost
of development? Why can’t it be rolled into the cost of just doing
business, just roll it into the cost of what you are doing?

Mr. ANDERSON. Again, we have to look at the cost-benefit when
we decide to engage in those programs, and for instance, the nu-
clear safeguards program, although it is incredibly important is
still a relatively small program.

Mr. BrROUN. All right, sir.

Dr. Woods, in order to mitigate demand for helium-3, guidance
was issued to no longer allocate helium-3 for purposes that would
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lead to further increases in helium-3 demand. As a physician, I cer-
tainly appreciate the research that you are doing and I treated a
lot of patients with COPD and asthma and other things that you
are trying to find some better diagnostics as well as treatment mo-
dalities. The use of helium-3 for lung imaging was just beginning
to take off. What would happen if helium-3 became so effective for
medical purposes that demand increased?

Dr. Woobs. Clearly, if helium-3 were used as a routine diag-
nostic imaging tool in the clinic, then the total demand for helium-
3 within the medical imaging community would increase. My opin-
ion is that technology is more likely to be used in efficacy testing
and in saving money for bringing dr