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Reference: U.S. Nuclear Regulatory Commission
(NRC-2008-0419)
Request for Comments on the Security and Continued Use of Cesiium-137 Sources

Comments in addition to those made by JL Shepherd & Associates at the Public
Hearing held on September 29 & 30, 2008

Issue No. 1.1: Feasibility of the Use of Other Forms of Cs-137

QI.I-1

JL Shepherd & Associates (JLS&A) understands that REVISS Services, currently the distributor
for large Curie Cs-137 sources produced at Mayak is working with that facility on developing
non-dispersible forms of Cs-137 sources. REVISS Services should be contracted for status of
program.

Per the public meeting comments, this research into a less dispersible form is currently on-going.
It is currently unknown that if a less dispersible form of Cs-137 is developed that a new form
would then be usable. After the development of a new form, there are ensuing tests to be
performed (which the current form of Cs-137 meets) for sealed source capsules; including, but
not limited to, accelerated aging tests, Special Form tests and ANSI/ISO tests (heat, shock, drop,
puncture and vibration tests). This research is in the preliminary stages and will need additional
funding. A definition or the parameters of dispersibility is required, as all radionuclides
including Cs- 137 are dispersible, depending upon the nature of the event that would breach the
sealed source capsule.

Qi . 1-2

Cs-137 sources containing non-dispersible forms of Cs-137* is feasible subject to the following
limitations:

*Approximately 40 years ago both Oak Ridge National Laboratory (USA) and CEA (France)
developed experimental Cs- 137 sources with Cs- 137 in a less dispersible form, but these were
not offered for commercial sale/use.
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Issue No. 1.1: Feasibility of the Use of Other Forms of Cs- 137, continued

Q1.1-2, continued

1. Specific activity of > 10 Ci/gram minimum, 15 Ci/gram preferred.
2. Costs comparable to current costs of CsCl sources.
3. Availability of sources with non-dispersible Cs-137 in a wide variety of capsule

configurations and source strengths from 100 to 6,000 Curies.**
** Most existing Biological and Medical Research and Blood Product Irradiators
could have present CsCl sources replaced provided that replacement sources of proper
capsule dimensions were available and users could tolerate the anticipated reduced
radiation levels delivered by these sources, New Cs-137 irradiators could be configured
to accept a limited number, probably 5-10 of anticipated new capsule designs, with
amendments to the Sealed Source and Device Registries.

4. Provisions should be made for re-cycling present Cs-137 sources with sufficient Ci/gram
content, when replaced with new non-dispersible sources in existing irradiators.

Q1.1-3

The density loading for a new form of Cs-137 sources is currently unknown. If the new source
capsule size is not compatible with an existing irradiator; i.e. larger physical dimensions, the
irradiator would need to be replaced. The irradiators themselves are by regulation, developed
and designed to meet specific performance criteria, so it is no simple or inexpensive matter of
just making the source capsule area larger. If the new source capsule radiation output is
significantly less, source replacement in existing irradiators would need to be made on a case-by-
case basis by the current licensees, dependent upon the irradiator usage application.

Q1. 1-4

It is still unknown if or when a high activity, IAEA Category 1 or 2 sealed source design will be
available.

Ql.1-5

This question must be answered by Mayak.

Ql.1-6

Unknown, but unlikely because of cost of setting up operation. Due to the waste stream and
contamination associated with Cs- 13 7 source production, it is highly unlikely that a private US
concern would undertake this endeavor. In the US, the reasonable approach would be that the
U.S. Department of Energy (DOE) run National Laboratories, which were once the high level
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Issue No. 1.1: Feasibility of the Use of Other Forms of Cs- 137, continued

Q1. 1-6, continued

activity Cs-137 source producers, revamp existing facilities and revise the scope of the DOE's
mission statement.

Issue No. 1.2: Feasibility of the Use of Isotopes Other Than Cs-137

Q1.2-1 (a)

Category I Blood Component irradiators incorporating Co-60 sources have all necessary
approvals and have been available from J. L. Shepherd and Associates for 20+ years with
excellent operating histories. The reason for limited use of these high blood product capacity
units is the weight, 6,000 pounds, which precludes their use in many Blood Banking Facilities
which have floor loading limits. The cost of reloading Co-60 sources 10-15 year intervals must
be considered.

Category I Model 484R Biological Research Irradiators incorporating Co-60 sources with cavity
sizes and dose rates comparable with those of the Mark I Series of Cs-137 Biological Research
Irradiators manufactured by JLS&A are approved for distribution and are currently available.
The limitation is that these Model 484R Co-60 units typically weigh 15,000 pounds compared to
a 5,500 lb weight of a Cs-137 unit with comparable cavity size and dose rate. This makes their
use limited to ground level installations whereas most Mark I Cs-137 irradiators are used on
upper floors of Research Institutions. The cost of reloading Co-60 sources at 10-15 year
intervals must be considered.

Category I Self-contained Cs-137 Box Calibrators to deliver continuously variable dose rates
from 100 microR/hr to 1,500 R/hr, Model 89-400, weigh approximately 3,500 pounds.
Replacement units using Co-60 sources are available but would weight approximately 12,000
pounds and be physically much larger, making them unusable in many locations where the CS-
137 units are employed. The cost of reloading Co-60 units at 10-15 year intervals must be
considered.

Category II Beam Calibrators/Irradiators (JLS&A Model 81) employing Cs-137 sources can be
replaced with Model 81 units containing Co-60 sources; however, the additional room shielding
required for the use of Co-60 sources is in the order of 2 times greater than that required or the
use of Cs- 137 sources and would make all calibration rooms designed for Cs- 137 sources
unusable without the addition of large amounts of additional shielding. In many cases it is
impossible to add the additional room shielding and the cost of such additions if great if it can be
accomplished. The cost of reloading Co-60 units at 10-15 year intervals must be considered.
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Issue No. 1.2: Feasibility of the Use of Isotopes Other Than Cs-137, continued

Q1.2-1 (b)

In Q1.2(a), we have demonstrated that technically Cs- 137 sources could be replaced with Co-60
sources, for those applications where the heavier weight or additional shielding would be
practical. Concerning the applications for which Cs-137 or Co-60 sources are used, the use may
not be interchangeable. Blood Product Irradiators have a track record of using either
radionuclide. Other applications include biological and medical research, radiation detection
instrumentation calibration and radiation hardness testing (used by the aerospace industries,
NASA and the military).

QI.2-i(c)

The following is antidotal comments gathered from our clients:
Blood Product Irradiators: Cs-137 devices may be replaced with Co-60 devices, as long as

weight (floor loading) is not a consideration.
Biological and medical research: There is over 40 years of bench mark research performed using

Cs-137 devices; therefore almost all research today would need to be re-qualified. Most
research is performed with federal grants for which Cs-137 use is included, so existing
grant programs will need to be re-written and re-subsidized, including re-bench marking.
Many cell research applications are dependent upon the Cs-137 energy. Cell research is
the foundation for many modern medical advances in the search for disease and cancer
cures.

Calibration of radiation protection instruments and dosimeters: there is no replacement for Cs-
137 energy.

Radiation hardness testing: For some low dose applications, Cs-137 cannot be replaced with Co-
60.

Q2.2-2

Small amounts of both Tungsten and Depleted Uranium are frequently used in Teletherapy
Equipment and Category I Irradiators/Calibrators. To substantially reduce the weight of Category
I units, which typically have large irradiation chambers, would require the use of thousands of
pounds of these materials per unit. This is economically not feasible because the cost of these
materials is typically 20-50 times greater than the lead normally used in these units. In addition
Tungsten is simply not available in the configurations required and Depleted Uranium in the
large complex castings required is not readily available.

Fabricating Category I Irradiators/Calibrators containing thousands of pounds of Depleted
Uranium presents an unnecessary avoidable hazard to employees involved in fabrication and is
not feasible, even if the huge incremental costs were to be tolerated.
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Issue No. 1.2: Feasibility of the Use of Isotopes Other Than Cs-137, continued

Q1.2-3

Transportation risks of Co-60 sources relative to Cs-137 sources are primarily increased because
of the requirement of Co-60 replacement at more frequent intervals, exponentially increasing the
risk of a transportation accident. It should be noted that JLS&A's risk assessment determined
that radioactive materials are most vulnerable when in transit. It should also be noted that
Category 1 and 2 sources are shipped in Type B radioactive materials transport containers, which
are subject to more rigorous prototype testing than any other hazardous material and that in over
40 years of shipments, there has been no release of radioactive materials in shipments resulting
in injury or death.

Issue No. 2 - Use of Alternative Technologies

Q2-1.

Section I Biological Research Irradiation.

Category I and 2 Cs-137 sources used for biological research applications deliver mono-
energetic 662 KEV photons for which the primary absorption mode in matter is the photo-
electric effect.

Box X-ray machines are available in 160 KV, typical filtered delivered average energy = 65
KEV, 225 KV, typical filtered delivered average energy = 100 KEV and 320 KV, typical
delivered average energy - 140 KEV, for which the primary absorption mode in matter is
Compton Scattering.

The LET's for Compton Scattering and Photo-electric Effect differ significantly based on both
atomic number of the material being irradiated and types of molecular structure, i.e. chemical
bonds.

Box X-ray machines must employ a minimum of two X-ray tubes to deliver volume doses with
minimum dose variation equivalent to those delivered by Cs-137 Irradiators. Available box X-
ray machines typically employ a single X-ray tube and cannot meet the dose equivalency
required for volumetric experiments. The addition of the required 2nd tube would greatly
increase both the cost and maintenance/tube replacement costs of these machines.

Thus, an identical dose, as determined by measurements in air the standard method for making
these measurements, delivered from a box X-ray machine and a Cs- 137 irradiator may have
significantly different effect on biological experiments.
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Issue No. 2 - Use of Alternative Technologies, continued

Q2-1, continued

The result would be that many millions, possibly billions of dollars of biological research would
require re-production if Cs-137 irradiators were to be replaced by cabinet X-ray machines.

All X-ray have inherent limitations including dose rate variation caused by target ablation which
must be continuously monitored and adjusted for, limited tube life requiring expensive
replacement and absolute control of both voltage and amperage as adjusted for tube target
ablation.

Section 2. Blood Component Irradiators.

For Blood Component Irradiation Box X-Ray machines also have major limitations, low
productivity, low use factors, expensive tube replacement, excessive maintenance and potential
dose rate variation caused by tube target ablation.

Section 3. Category II Panoramic/Beam Irradiators.

For the calibration of radiation detection instruments a source of mono-energetic photons, such
as those delivered by Cs-137 sources is required because of photon energy dependence of many
types of radiation detectors commonly used. X-ray machines to meet this requirement are not
available.

For large Cs-137 irradiators used to irradiate biological and other specimens the same limitations
of X-ray machines as listed above apply.

Q2-2

The only machines capable of reproducing the photon energy of Cs-137 and replacing Cs-137
Irradiators which are currently available are Linear Accelerators which cost 10 or more times as
much as Cs- 137 irradiators and for which the maintenance costs on an annual bases are 10 or
more times the cost for Cs-137 units. The majority of Linear Accelerators are primarily used for
patient treatment.

For the inferior low voltage (300 KV maximum) cabinet X-ray machines the initial cost is
typically in the same range as Cs-137 irradiators and the maintenance cost, including tube
replacement for units operated for 10 hours or more hours per day is several times the cost as that
for the existing Cs-137 irradiators, typically less than $4,000.00 per year.
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Issue No. 2 - Use of Alternative Technologies, continued

Q2-3 & Q2-4

In as much as no currently available machines except for Linear Accelerators are available to
effectively replace Cs-137 irradiators and Linear Accelerators are both prohibitively expensive
and requireshielded rooms to be used in, replacement equipment will require development.

The NAS report states that relatively inexpensive X-ray machines of 1.5 MEV required to
replace Cs- 137 sources are being developed. If it were possible to readily develop such a
machine it would have been done decades ago for the radio-oncology applications for which a
market of thousands of these machines as replacements for Linear Accelerators exists, compared
to a market of hundreds of Cs-137 irradiator replacements

Issue No. 3 - Possible Phase-Out of CsCl Sources

Q3.3-1

Many units of blood which area routinely irradiated to prevent GVHD would not be irradiated.
Users of X-ray blood component irradiators report many problems with these units, including
limited capacity and usage capability, units out of operation for extended times for maintenance
and routinely send blood products to other facilities which have Cs- 137 or Co-60 blood product
irradiators to meet their irradiation requirements. Alternative technologies are Co-60 irradiators
and Linear Accelerators, subject to limitations as discussed above. We have no estimate on the
impact of obsolescing Cs-137 for disease and cancer research as there are many factors to
consider. Will the research community re-bench mark over 40 years of established research to a
new technology? Will federal grants be available for this re-bench marking process?

Q3.1-2 (a)

Since there is no Cs-137 photon irradiation replacement methodology for calibrators, the effect
could be catastrophic. All radioactive materials licensees would be out of compliance as soon as
radiation detection instruments fall out of calibration, in 6 months to one year, by regulation.
This would impact radiation protection at all levels; including, but not limited to non-
proliferation programs, emergency responders, regulatory inspectors, the military, national
laboratories, hospitals, universities, research institutions, private industry, nuclear power plants,
instrument and dosimeter manufacturers, the Department of Homeland Security and other
security agencies, the Department of Energy, the Environmental Protection Agency and State
and Federal radiation protection programs.
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Issue No. 3 - Possible Phase-Out of CsC1 Sources, continued

Q3.1-2(b)

Elimination of Cs-137 would cause one very large mess. At the public meeting, NIST, the US
Army, an instrument manufacturer and a nuclear power industry representative provided
information that Cs-137 is not replaceable for instrument calibration and is a basis for instrument
and dosimeter calibration worldwide.

Q3.1-3 (Numbers based on units in current use, all categories)

1. Decommissioning costs (estimated), assuming that the USDOE accepts decommissioned Cs-
137 source at no charge for disposal = $100,000,000+ ($ 50 million +), probably in the
order of $150,000,000.

2. Replacement costs (estimated)
A. Co-60 units = $450,000.000 (all categories)
B. Biological Research units with Linear Accelerators = $2,000,000,000+
C. Blood Product Irradiators with X-ray machines or Co-60 Irradiators $150,000,000

Q3.1-4

JL Shepherd and Associates would remain in business, with altered product lines and
services.

Q3.1-5

No, a discontinuance of licensing should not be considered until a regulatory basis risk analysis
of all potential terrorist threats, chemical and biological, as well as radiological is performed.
Many hazardous materials, chemicals and biologics pose equivalent or greater threats than do
Cs-I 37 sources, but have less restrictive regulatory controls on use and transportation that the
current security measures imposed on Category 1 and 2 sources. The singling out of Cs-137 as
the prime terrorist threat, with the consequence of costly disruption of medical and cancer
research, nuclear power and hospitals may be politically expedient but may have no relation to
real risk analysis or to the safety of the public relative to terrorist threats. As there is no current
alternative technology for the basis of radiation protection, the risk to the public, regulatory
community, non-proliferation community and emergency responders would not be justified in
any manner.
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Issue No. 3.2: Transportation and Source Issues Associated with Removal of CsCl Sources from
Licensee Facilities

Q3.2-l(a)

Yes there are currently 2 domestic Type B Certificate of Compliance packages available for
transportation in the US. As of October 1, 2008, 99.9% of domestic Type B radioactive
materials packages are no longer usable, without the granting of Special Permit Status. JLS&A
has requested Special Permit status for our existing containers, which is pending, and is in
process of design and testing of a new Type B transportation package.

Q3.2-1 (b)

The US Government should bear all transportation, decommissioning and equipment
replacement costs, in as much as this would be a US Government Directed program.

Q3.2-2(a)

Obviously Cs-137 sources should be continued to be used in safe conditions as required by NRC
"Increased Control Security Measure Orders", until a disposal path is obtained.

Q3.2-2(b)

The estimated cost for preparing and transporting for disposal is given above.

Q3.2-3

Storage would need to be achieved at properly licensed and secured facilities, licensed to ship,
store and dispose of Cs-137 sources. It should be noted that Cs-137 irradiator manufacturers
only make irradiators; they did not make the Cs-137 sources contained within these irradiators.
The majority of the US Cs-137 sources were made by the Atomic Energy Commission, then the
US Department of Energy (DOE), with CEA in France using some DOE Cs feed stock providing
a small amount of CsCl sources to the US, then Mayak using Russian feed stock since the DOE
stopped supplying sources in the late 1980's. JLS&A has never manufactured CsC1 sources;
however, we do have the capability of re-encapsulating existing sources. Therefore, if there is a
proposal for the manufacturer's to take back their products containing CsCI sources, the US
government would be responsible as one of the manufacturers of the CsC1 sources or distributor
of the CsCI feed stock.
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Issue No. 3.3 Consideration of Government Incentives

Q3.3-1

Yes, the US government should provide incentives to implement replacements and to also
heighten security, in addition to the Increased Controls Security Measures already in place.

Q3.3-2, Q3.3-3 and Q3.3-4 See Q3.3-1

Incentives will cost the US Government many billions or trillions of dollars, and should be
required if licensees are forced to decommission their irradiators. Irradiators are a capital
equipment investment and have been in use for over 40 years, so we feel that the licensees
should be provided incentives for both the loss of the irradiator, the rebase lining of the use and
the replacement technology. The licensees should also be provided incentives for the
decommissioning or decommissioning should be paid for by the US government. Actual
incentives and the amount are unknown until a replacement or additional security technology is
fonnulated, but we feel that it could be comparable to the current Wall Street bail out. This
would be an unconscionable burden on the US taxpayer for a risk that is not yet fully defined
based on an ambiguous threat of terrorism.

Issue No. 3.4: Impact on Potential U.S. Changes to Regulating CsCl on the International
Community.

Q3.4-1

The US could potentially prevent recovered sources from decommissioning by denying the
aftenrnarket sales to other countries by US licensees only. The US does not have the regulatory
power to prevent aftermarket sales by licensees of other countries, if these licensees recover
sources from the US.

Q3.4-2(a)

No, the US cannot impose on the sovereignty of foreign countries.

Q3.4-(b)

The prevention of aftermarket sales to other countries does have the potential for denial of
medical treatment, especially for blood product irradiators because other countries do not have
the electrical infrastructure to operate the alternative technology. The carbon foot print of
irradiators (both manufacture and use) is far less than the currently available technologies and
should also be taken into consideration for US applications.
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Issue No. 3.4: Impact on Potential U.S. Changes to Regulating CsCl on the International
Community, continued

Q3.4-3

This is a political not a technical or commercial issue. This would have to be a collective
agreement through a mechanism such as the International Atomic Energy Agency's Code of
Conduct.

Issue No. 4 - Additional Requirements for Enhanced Security of CsCI Sources

Q4.1

Current USNRC and Agreement State Increased Control Orders regarding security measures are
excellent and with additional security measures as proposed by other government agencies when
completed will insure with high probability that equipment containing Cs-137 sources may
continue to be used without undue threats to public health and safety. The NAS study did not
address the increased security in place at the time of the study nor did it address the continued
efforts in this area.

Q4.2

No, these Category 3 sources do not impose as great a risk and potential threat to public health
and safety to justify the cost of major increased Security Measures. Increased controls for
radioactive sources used in off-site non-controlled non-secured conditions, i.e. Radiographers,
should be enacted.

Q4.3

Additional security measures may or may not provide a disincentive for owning CsCl sources. It
depends upon each licensee and their ability to comply. We have only had one (1) order
cancelled due to an inability to comply with security measures. The current interest and need for
CsC1 irradiator; i.e., booked contracts, grant applications and contracts in negotiation currently
exceed the orders for decommissioning irradiators because in increased security measures. It
should be stated that due to the current state of the economy, we are seeing an increase of
licensees who are going bankrupt and need to have their irradiators decommissioned.
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Issue No. 5 - Role of Risk Analysis in Potential Future CsCl Requirements

Q5.1

To paraphrase a statement made at the CsCl meeting, on 911 airplanes were used as weapons.
This country did not ban the use of airplanes; however, we did improve security, which leads
directly into the next comment sections.

CsCl dispersal and contamination is already a part of the environment we live in due to above
ground weapons testing and events such as Chernoble and there is neither the worry nor the
outcry due to this existing contamination on the part of government or the public.

In JLS&A's opinion, risk base analysis is relative and depends on a personal perception of risk.
The perception that every CsCl source is a terrorist dirty bomb waiting to happen is a matter of
security analysis and intelligence. The perception that the public would.have a greater fear of
CsCI as a dispersal device than of any other radionuclide is preposterous; any nuclear event
would have the same impact, no matter the radioisotope or the form of the isotope. Yes, CsCl
may be more dispersible than other isotopes; however there is known technology in place for
response and clean up. The cost for decontamination of a CsCl event is far less than the potential
cost of CsCl elimination to the US government. The argument that the government had a chance
to remove only one potential attractive target, versus removal of all the potential targets which
could be used as a weapon is a ludicrous scare tactic. The security of all hazardous materials,
radiological, biological and chemical which could be used for nefarious purposes against the US
should be considered in the risk analysis, as well as the cost benefit analysis. This radioisotope
has been shown in the public meeting to have far reaching impact; medically, for public and for
military personnel and emergency responder health and safety, with no current alternative
technology available. Cs-137 is not just a radioisotope used in hospital blood bank irradiators.
These were some user segments not fully represented at the public meeting, such as the highly
proprietary research and development being currently conducted using Cs-137 sources and we'd
like to request that the NRC out reach to drug companies, biotechnology firms and universities in
such a manner to keep the usage proprietary, to ascertain more fully the medical benefits of using
Cs-137 sources. Also to be considered is the opportunistic approach of both US and
international terrorists and extremists; i.e. there are many avenues of obtaining materials and
softer targets will be more attractive for use. All aspects of risk analysis should be considered
for rulemaking.


