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I. INTRODUCTION AND SUMMARY OF COMMENTS

J. L. Shepherd & Associates ("JLS&A") appreciates this opportunity to comment on the
proposals by the U. S. Nuclear Regulatory Commission ("NRC") and Department of
Transportation ("DOT") to amend their regulations dealing with the transportation of radioactive
materials, in order to achieve harmonization with the current standards promulgated by the
International Atomic Energy Agency ("IAEA"), referred to as TS-R-l.' JLS&A commented
previously by letter dated September 29, 2000 on a prior version of the current rulemaking
proposals and, except for the issue discussed below, relies still on its comments in that letter
(Exhibit 1 hereto). JLS&A has no difficulty with many of the current proposals and applauds the
obviously careful coordination of effort between the NRC and DOT. Given the close
relationship between the NRC and DOT proposals and the rulemakings in which they are being
made, JLS&A is filing these comments jointly with both agencies as a matter of efficiency.
These comments relate to both the rulemaking proposals and the draft regulatory assessments
published with them.

JLS&A's current comments are focused on one issue: the proposal by both NRC and
DOT, pursuant to TS-R-l, to eliminate the use of all packages designed to earlier standards than
the 1985 version of IAEA Safety Series 6. JLS&A recognizes that there are numerous types of
packages manufactured to several generations of pre-1985 standards. JLS&A is concerned with
only one of them: packages manufactured to IAEA 1967 Safety Series 6 requirements, referred

I NRC's proposed regulation, Compatibility with IAEA Transportation Safety Standards
(TS-R-l) and Other Transportation Safety Amendments, is published at 67 Fed. Reg. 21390­
21484 (April 30,2002). DOT's proposed regulation, Hazardous Materials Regulations:
Compatibility with the Regulations of the International Atomic Energy Agency, is published at
67 Fed. Reg. 21328-21388 (April 30, 2002). The IAEA standards are IAEA Safety Standards
Series, Regulations for the Safe Transport of Radioactive Material, 1996 Edition (Revised),
Requirements No. TS-R-l (ST-1, Revised) (Vienna, 2000).



to herein as "1967 Specification" packages,2 as used for shipment of Type B quantities of special
form radioactive material. The NRC proposal would extend an existing ban on construction of
further such packages holding an NRC Certificate of Compliance ("COC"), and would ban
further use of existing such packages three years after the date of effectiveness of the
regulations. 3 The DOT proposal would also immediately ban further construction of 1967
Specification packages, and would ban further use of existing packages within two years. 4 The
ban would be effective for both international and U.S. domestic shipments. After these dates,
the only means of certifying new transportation packages (either new designs or recertifications
of 1967 designs) would be via new Certificates of Compliance issued by the NRC.

JLS&A's comment may be summarized as follows:

1. There is no compelling safety case to be made for the proposed elimination of 1967­
Specification packages. There is no demonstrable harm to be avoided by "sunsetting"
these packages; there is no demonstrable safety gain to be achieved by requiring their
replacement with newer designs. Packages built pursuant to NRC COCs have an
excellent safety record. So have packages built pursuant to DOT Specifications
7A/20WC. Both NRC and DOT agree that the current level of safety is satisfactory.
This proposed change may be legitimately needed for uniform regulation of international
shipments, but is not needed for safe, uniform regulation of domestic shipments.

2. Applied to domestic shipments, it is likely to have far different effects than those
intended. It will impose high, probably unbearable costs for JLS&A and other small but
important business entities operating this area. Thus, rather than simply phasing out a
widely used and serviceable but older class of container, it will either substantially
weaken firms like JLS&A or literally drive them out of business with no ready
successors.

3. It may be literally impossible to qualify devices built for shipment as DOT Specification
7A packages in DOT Specification 20WC containers at any cost because these devices

2 Various other types of pre-1985 package specifications include specifications, some of
them predating 1967 Safety Series 6, initially issued by the former interstate Commerce
Commission, the former Bureau of Explosives, and other agencies. These comments do not
address them.

3 See 67 Fed. Reg. 21406 at col. 3,21429 col. 3, 21430 col. 3 (§ 71.19). In this regard,
the actual proposal is not, despite NRC's suggestion, really "grandfathering," which, as the NRC
observes, "typically includes provisions that allow: (1) Continued use of existing package
designs and packagings already fabricated, although some additional requirements may be
imposed; [and] (2) completion of packagings that are in the process of being fabricated or that
may be fabricated within a given time period after the regulatory change ...." 67 Fed. Reg.
21404 col. 3. Rather, it is a timed ban.

4 See 67 Fed. Reg. at 21342 col. 1 (§ 173.416), 21355 col. 2.
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lack the "QA Paper" required under the NRC's regulations at 10 CFR Part 71, as
implemented by the NRC Staff. The same is also true of packages built pursuant to NRC
COCs prior to implementation of the Part 71 QA program. As a result, literally
thousands of Type B quantity sources, which have been shipped in 1967 Specification
packages and which cannot be shipped economically if at all in any other licensed
packages, will become stranded at hundreds of disparate current locations throughout the
country. While "workarounds" of various kinds are technically imaginable, their costs
seem likely to be prohibitive. The result will be that these packages will have to be
maintained and kept safe indefinitely from radiological and safeguards/security
standpoints. This is not a sensible result at any time, particularly one of heightened
concerns about terrorism.

4. The NRC's draft Regulatory Analysis, by omitting any evaluation of conversion costs to
the industry, has misperceived the effect of this provision; DOT, by relying on the NRC's
analysis, has the same problem. Neither agency has advanced a substantial health-and­
safety argument, or indeed any substantial argument other than consistency with IAEA
requirements (which are not binding under u.S. law), for compelling the elimination of
these workhorse containers from continued use in U.S. domestic commerce, and JLS&A
believes that there is no such argument to be made. It is useful to incorporate technical
advances in equipment into regulations, but not sensible to require costly change with
respect to adequate existing equipment absent significant offsetting safety or other
statutory-policy justifications not present here. JLS&A urges that NRC and DOT modify
this proposal, as applied to 1967-Specification containers used for Type B special-form
shipments, so as to limit the proposed changes to international shipments only. NRC has
expressed a willingness to depart from IAEA standards for domestic purposes where
benefits do not justify costs; JLS&A suggests that this is such a case. JLS&A also points
out that given the absence of a compelling health and safety rationale, the proposal must
be judged on the basis of whether it is sufficiently fulfills other statutory purposes to
justify the costs that it imposes, and suggests that a reviewing court might not find such a
justification.

5. JLS&A and numerous other participants in this market sector are small entities within the
meaning of the Regulatory Flexibility Act, 5 U.S.c. § 601 et seq., and the NRC's
regulations at 10 CFR § 2.810, would be adversely affected by the proposed rule, and
neither agency's draft Regulatory Analysis accounts for this fact.

II. JLS&A'S INTEREST IN THIS RULEMAKING

JLS&A would be significantly and adversely affected by the proposed elimination of
1967 Specification packages for domestic special form Type B shipments of radioactive
material. A brief introduction to JLS&A and its business follows:

• Since 1967, JLS&A has been in the business of designing, manufacturing, servicing,
shipping and disposing of devices - principally, calibrators and irradiators - that use
Type B quantities of Cobalt-60 or Cesium-137 sources (greater than 10.8 curies of Co-60
or 54.1 curies ofCs-137). The radioactive sources are manufactured in "special form",
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which means that they are shaped, controlled and contained in their own substantial,
accident-resistant, tested metal casing. 5 The actual device consists of the special-form
source, a surrounding heavy metal (lead, tungsten, DU) radiological shield, and an
external housing (made of steel).6 The housing and the shielding are integral to the
device itself, and are shipped as part of it. However, for NRC and DOT regulatory
purposes they are part of the "packaging" surrounding the source. 7

• As outlined in more detail below, virtually all of the devices manufactured or serviced by
JLS&A use sources that contain Type B quantities of radioactive material. Some are
shipped in packagings approved under a Certificates of Compliance issued by NRC. The
vast majority of devices, however, are designed to qualify under DOT regulations as
DOT Type 7A packages which, when fitted with a metal jacket and contained in a DOT
Specification 20WC overpack, may be used to transport Type B quantities of radioactive
material in special form. 8

• While transportation of these devices is regulated by NRC or DOT, depending on their
configuration, their manufacture is regulated by the State of California, as an Agreement
State, under its delegated authority to regulate source material. When manufacture of a
device is completed, it is typically trucked to the customer's site. There, it is put into its

5 NRC and DOT regulations for qualification of special-form sources are substantially
identical and require impact, percussion, bending, heat and leaching tests. 10 CFR § 71.75,49
CFR § 173.469.

6 Specimen trays, control drives, instrumentation and indicators, and other peripheral
equipment are added for actual operation of the device. They are not typically included in the
shipping configuration. See "Typical JLS&A Device Diagram," Exhibit 2.

7 A "package," as defined by both NRC and DOT regulations (10 CFR § 71.4, 49 CFR
§ 173.403), includes both a radioactive source and the surrounding "packaging" which makes it
safe for shipment. The "packaging" consists of heavy-metal (lead, tungsten, DU) radiological
shielding and a housing, and - for actual shipment - an top-layer external container or
"overpack." Together, these provide radiological shielding and physical protection of the source,
and ensure the physical integrity of the device in use and in transit. The designs used by JLS&A
and by numerous other manufacturers include the shielding and housing as an integral part of the
device. Thus the device itself includes part of the "packaging" regulated by NRC and DOT.

8 See 49 CFR § 178.350 (design criteria for 7A packages); 49 CFR § 178.362 (design
criteria for 20WC packages); 49 CFR § 173.416(e) (design criteria for authorized Type B
packages). DOT Specification 7A is a very flexible design specification. JLS&A devices of this
type are actually manufactured to the criteria of former DOT Specification 55, a far more
stringent, superseded specification which preceded Specification 7A. The difference between
Specification 55 and Specification 7A was that Specification 55 packages were designed to be
shippable without need for an overpack: hence, their greater weight, shielding and the like
relative to 7As.
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operating configuration: specimen tray, drives, controls and instrumentation are added.
There it stays, is listed in the Sealed Sources and Devices (SS&D) registry, and can be
used, typically in a laboratory environment, without need for further transportation
(barring relocation at the customer's instance or a need for service), for on the order of 30
years. At about that point it will need either to be re-sourced or decommissioned. It is
then placed again into its shipping configuration and shipped again. Unless it has been
relocated in the meantime, these are the only times a device is actually transported. This
is the class of device which, if 20WC containers are eliminated, will become
untransportable.

• Transportation containers for these devices are designed, within regulatory criteria, to
meet the specific properties (size, weight, level of radioactivity, etc.) of the radioactive
cargo they carry. Thus there have been numerous types of container designed and
approved under the 1967 (or 1985 or 1996 or 2000) IAEA standards, but it is not the case
that any such container can contain or safely transport just any cargo: container and
cargo designs are matched (though individual devices do not have dedicated shipping
containers). As noted above, under NRC and DOT definitions of "package" and
"packaging", the radiological shielding and housing of the actual devices is included
within the definitions of "packaging," thus tying transportation of devices tightly to the
actual external containers designed for their transportation. As a result, eliminating 1967
Specification packagings would make it impossible to transport the types of radioactive
sources for which they were designed, unless corresponding new containers are designed,
tested and approved.

• There are two types of outer containers, or "overpacks," both designed to 1967
Specifications, used by JLS&A for shipment of these devices: those licensed pursuant to
COCs from the NRC, and those designed pursuant to DOT Specification packages.
JLS&A owns and uses two overpacks manufactured pursuant to COC 62809 and some 15
DOT Specification 20WC overpacks to ship these devices. These containers are made of
reinforced plywood, generally with a steel outer casing, in the shape of a right cylinder.
Typical containers stand about six to seven feet high and four to five feet in diameter.
Empty, these overpacks weigh up to 2000 pounds apiece. Loaded with a device, the
DOT 20WCs weigh up to 6000 pounds; NRC COC containers weigh up to slightly over
10,000 pounds. The principal basis for difference in size and weight is a difference in
radiological capacity: the contents of 20WCs are limited by DOT regulation to 100 watts
of decay heat output; the COC containers have container-specific restrictions. Neither of
these container types is designed to transport irradiated reactor fuel.

9 JLS&A has committed to the NRC, for reasons unrelated to this rulemaking, not to use
any of its COC containers further until they have either been qualified under the TS-R-l
standards or exempted from them. JLS&A is the certificated owner of two COC designs in
addition to COC 6280. JLS&A owns all of the overpacks manufactured to these COCs.
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• The significant majority of JLS&A's business is totally internal to the United States.
Currently in the United States there are about 1000 devices designed and manufactured
by JLS&A for shipment in 1967 Specification containers, pursuant to either an NRC
COC or to DOT Specification 20We. These devices are found at every nuclear power
plant in the country, in universities, hospitals and blood banks, and in other private,
government and military research facilities. Depending on the year, between 65% and
85% of JLS&A' s shipments are for the benefit of taxpayer-funded sources, meaning that
any substantial increase in the cost of shipment of these devices will affect programs as
diverse as medicare, medical research, defense and homeland security spending.

• The devices need to be refitted with fresh sources periodically and to be refurbished from
time to time. They may also need relocation because of corporate reorganizations,
openings of new facilities and closings of old ones, and the like. Eventually, they need to
be decommissioned. All of these processes require shipment of radioactive materials.
JLS&A performs these types of services not only for its own equipment but also for
devices manufactured by various other firms now defunct; for some of them, JLS&A is
the only firm in the country possessing all the drawings and other records necessary to
make legal shipments. For instance, one obsolete type of device distributed under the
aegis of the former AEC is known to be located in at least five high schools and 28
colleges or universities around the country, awaiting shipment for decommissioning.
Under the proposed regulations these would be orphaned. There are numerous other
similar examples, which could be determined by license searches.

JLS&A agrees with the need for uniformity in international regulation, and thus with the
proposal to accept the IAEA' s elimination of 1967 Specification containers for international
shipments. However, applying it to domestic shipments, where 1967 Specification packages are
still in widespread use with an excellent safety record, would impose substantial economic,
environmental and safeguards/security costs without any apparent offsetting benefit. NRC and
DOT are not legally required to adopt IAEA standards for U.S. domestic purposes; there are no
compelling reasons to do so. Under these circumstances, and given the likelihood of substantial
harm from applying the ban, JLS&A urges NRC and DOT to reconsider their proposed ban on
1967 Specification packages for domestic shipments.

III. THERE ARE EXCELLENT REASONS TO RETAIN 1967-SPECIFICATION
PACKAGES IN SERVICE

1. 1967 Specification Packages Are in Wide Use

Use of 1967 Specification packages remains widespread. JLS&A itself has shipped over
1000 irradiators and calibrators to customers throughout the United States using such packages.
Most of these devices have been shipped in packages designed and manufactured pursuant to
DOT Specification 20We. A smaller number have been shipped in packages approved by the
NRC under COC 6280. Most of the units ever shipped are still in use. All of these devices need
to be periodically re-sourced and refurbished; some occasionally need to be relocated; all
eventually need to be removed from service, or decommissioned. JLS&A typically makes close
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to 200 shipment legs per year for such operations. 10 JLS&A does not own any other overpacks
suitable for shipping these devices.

It is not possible to tell from published information exactly many companies routinely
use 1967-Specification packages to ship devices or other radioactive sources, or how many such
devices and other sources there are. II However, JLS&A believes that several other firms in the
private sector depend on them to a similar degree as it does; and believes that the U. S.
Department of Energy makes widespread use of them for both its Civilian Reactor Waste and
Naval Nuclear programs. Based on general industry knowledge, JLS&A believes that there are
between 100 and 200 20WC Specification containers in use in the United States today, in
addition to the 15 owned and used by JLS&A. On the same basis, JLS&A believes that there are
probably between 25 and 50 active 1967 Specification COC containers in service, in addition to
the two it owns. If these estimates are accurate, the overall effect of implementation of the
proposal to eliminate use of 1967 Specification packages will be on the order of 10 to 15 times
that projected by JLS&A for itself.

2. 1967 Specification Containers Have an Excellent Safety Record and Neither NRC
Nor DOT Sets Forth a Substantial Safety Rationale for Removing Them from
Service.

Packages designed and built to 1967 specifications and properly maintained have an
excellent safety record over the years. Neither agency alleges any safety problem with their
design, which was subjected to 30-foot drop, fire and immersion tests by Sandia Laboratory in
1968 12

• Indeed, the NRC concedes, in its discussion of the proposal to eliminate use of 1967-

10 Over half, but not all, of these shipment legs, involve loaded containers. Each
complete shipment involves at least two legs.

II The SS&D Registry, NUREG-0383, lists active and inactive products for active and
inactive vendors, but does not indicate either how many such products have actually been
manufactured or how many packages have been made to transport these products. for use with
each certificate.

12 J. A. Sisler, "New Developments in Accident-Resistant Shipping Containers for Radioactive
Materials", Sandia Corporation, 1968 (Exhibit 3). The drop and fire tests are consistent with
current requirements, cf. id. with 10 CFR § 71.73 (DOT has explicitly adopted NRC stnadards
on this issue, see 49 CFR § 173.467). The water-submersion test was for only 3' above the
topmost surface. However, because the shielding in 1967-specification inner containers consists
of heavy metal in 100% welded containments, independent calculations show that immersion to
10 meters will have no effect on the inner container: Water pressure at ten meters is only 13
pounds per square inch, as contrasted with the 3600 PSI crushing strength of plywood used in 20
WC-5 or 20 WC-6 containers, and the 30,000 PSI yield strength of the steel outer cover of 20
WC-6 containers or the steel outer container of 7A containers. The Sandia tests also did not
include a 40-inch fall onto a 6-inch spike. However, the author of the report believed that
"meeting this requirement is not considered to be a problem." Independent calculations confirm
this conclusion. They show that a steel-jacketed 20 WC-6 container weighing the maximum of

(continued... )
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specification containers, that there is no safety benefit to doing so: "In terms of protection of
public health and safety, the existing and proposed requirements are believed to be equally
protective. Thus, neither an increase nor a decrease in potential health and safety impacts is
expected as a result of adopting the proposed administrative changes." 67 Fed. Reg. 21406 col.
2. See also 67 Fed. Reg. 21394 col. 1.

The NRC rulemaking notice lists six changes that have occurred in the regulation of
package design since promulgation of the 1967 Safety Series 6 criteria. 67 Fed. Reg. at 21406
(col. 1). While it is true these changes have occurred, all of them have either been accounted for
or do not pertain to domestic special form Type B shipments. 13 Design evolutions are inevitable
over time; and the fact of these changes does not establish that 1967-specification containers are
unsafe or unfit for further use. Nor is any such claim advanced in either rulemaking proposal. 14

IV. FORCED RETIREMENT OF 1967-SPECIFICATION PACKAGES FROM
SERVICE WOULD CAUSE SEVERE HARM

Neither of the rulemaking proposals gives substantial attention to the costs of elimination
of 1967-Specification packages. NRC concedes, in its draft Regulatory Analysis, that regulated
entities are "expected" to incur

6000 pounds will crush 2.5" of plywood when dropped onto a spike from 40", and that a 20 WC­
5 container weighing the maximum of 4000 pounds will crush 3.5" of plywood. Compared with
the minimum of 6" of plywood required by 49 CFR § 178.362-2, it is clear that the 40" drop onto
a spike is not a problem for a 20WC-5 or -6 container.

13 Changes which are irrelevant include immersion tests for Type A packages [67 Fed.
Reg. at 21406 coLl, item 3] (the packages at issue here are Type B packages, which were
already subject to immersion tests); addition of maximum normal operating pressure [item 4]
(Type B packages at issue here do not need, and do not use, venting or active cooling);
environmental test conditions [item 5] (Type B packages have always been tested within these
parameters). Changes whose intent has been satisfied include use of Al and A2 system and
associated containment system performance criteria [items 1 and 2] (all Type B shipments are
made in accordance with those limits); and QA requirements [item 6] (All packages approved for
use by NRC since 1979 have met NRC QA requirements; the only gap is in documentation for
packages designed pursuant to DOT Specifications. Even then, neither NRC nor DOT asserts
that these packages, as a class, are inadequate in either design or construction.). For further
detail, see JLS&A comment letter, September 29,2000, at pp. 5-7.

14 JLS&A understands that DOT has expressed concern about the consistency of some
DOT-specification packages with their design documentation or its regulations, and about
maintenance of some such containers. This is a valid concern. However, it is a normal licensing
and enforcement issue, not one going to the adequacy of the design specification itself. If
shippers cannot produce satisfactory documentation, or if their packages are found to be in
substandard condition, DOT can compel removal of any such packages from service and take
other appropriate action. But this concern is not a rational basis for removal of an entire reliable
class of container from service.
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costs associated with the redesign of existing packages, as necessary, as well as
market adjustments due to reduction in availability, years of service expected
from the original design, and expected years of performance from the original
package. 15

However, the draft analysis goes no further. NRC concedes in its rulemaking proposal that it
lacks information to quantify these expected costs, and solicits it in rulemaking comments. 16 The
rulemaking notice then suggests that such information will be factored substantively into the
final decision on whether to adopt the proposed ban:

The NRC recognizes the importance, from an international commerce
standpoint, of having the packaging and transportation regulations in Part 71
compatible with the IAEA's TS-R-I. However, before adoption, the NRC seeks
to quantify the impact of adopting these IAEA regulations. Development of the
IAEA TS-R-I did not directly involve the public or include a cost-benefit
analysis. In contrast, NRC's practice is to consider costs and benefits in its
regulatory analysis, and NRC is prepared to differ from the TS-R-I standards, at
least for domestic purposes, to the extent the standards cannot be justified from a
cost-benefit perspective, especially given the current regulations in Part 71 have
provided adequate protection of the public health and safety.

Therefore, the NRC is inviting public comments on the IAEA-related issues,
Issues I-II. Specifically, the Commission is soliciting cost-benefit data to
quantify the economic impact of harmonizing with the II IAEA changes on the
domestic commerce and international commerce of packages containing
radioactive material. The NRC is interested in determining: (I) whether the
benefits of harmonization with the IAEA standards may exceed the costs, or
may result in other health and safety problems resulting from dual standards
between domestic (Part 71) and international (TS-R-I) requirements, and (2)
whether the NRC should adopt only some of the II IAEA changes.

67 Fed. Reg. 21394 col. 1. (emphasis supplied).

The proposed prohibition on use of containers manufactured to the 1967 standards would,
if applied to domestic shipments within the United States, have severe effects. It would require
JLS&A and the other businesses that ship significant quantities of radioactive material in them
either to requalify, relicense, and probably rebuild, virtually all of their current shipping
containers pursuant to a new COC from the NRC within two years (proposed DOT requirement)
or three years (proposed NRC requirement), or to cease shipping. While the total extent and cost
of this effort can only be estimated parametrically at this point since it would depend
significantly on the flexibility with which NRC would implement its cac reviews, there is no
question that it would be substantial, and that it would probably put JLS&A and other small
businesses like it out of business. In that case, the proposal would also make devices and sources

IS NRC, Draft Regulatory Analysis of Major Revision of 10 CFR Part 71, Proposed Rule,
NUREG/CR-6713 (April 2002).

16 67 Fed. Reg. 21406 col. 2. The NRC also projects its own costs at $3500 for revision
of materials, and costs to Agreement States at $1000.
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now shipped in these packages not legally shippable in any currently licensed container, thus
creating hundreds of sites with thousands of orphan sources that could no longer be used, could
not be shipped for orderly disposition, and would have to be maintained and safeguarded
indefinitely. The bases for this concern are outlined below.

1. Economic Cost to JLS&A

There are some 1000 devices manufactured by JLS&A, and shipped in either NRC COC
or DOT Specification containers built to the 1967 standards, in current use throughout the United
States. It is certain that under the proposed regulations JLS&A would have to obtain at least two
COCs (one relating to COC 6280, the other to DOT Specification 20WC containers), either to
requalify existing containers or to construct new ones meeting the TS-R-1 requirements. It is
possible that JLS&A would have to obtain as many as a dozen or so COCs, depending on the
NRC's licensing flexibility. 17 The elements of compliance for JLS&A can be itemized as
follows:

• It will cost at least $500,00018 and take upwards of two years l9 to design, test and obtain
regulatory approval for a new or regualified COC from the NRC. Thus the cost of
redesignJreapproval would range between $1 million and $6 million for JLS&A,
depending on the number of new COCs JLS&A would be required to obtain.

17 JLS&A's devices are not totally identical: they come in various models designed for
customer-specific needs, which vary somewhat in size, dimensions and weight. However, there
are two principal model "families", one designed for NRC COC containers and one designed for
DOT Specification containers. JLS&A has two virtually identical outer containers manufactured
under NRC COC 6280 in active service. It has also about 15 slightly smaller containers, similar
but not identical to each other, manufactured to DOT Specification 20WC, in service. The NRC
COC containers are intended for shipment of devices in one model "family", without being
designed uniquely for specific devices within that "family." The same applies to the DOT
Specification containers and devices within the other model "family." Thus, depending on the
degree of flexibility granted by the NRC in licensing of new containers or requalification of
existing ones, JLS&A would have to obtain anywhere between two and about a dozen new
COCs, in order to account for the variations between different device models.

18 Costs are distributed among engineering and design costs ($100,000-$150,000),
fabrication of one or more test prototypes ($50,000 apiece), testing and analysis ($100,000­
$150,000) and NRC licensing fees and related costs ($120,000-$200,000).

19 In the interest of simplicity, the factor of time will not be considered in this evaluation.
Obviously, if the NRC finds itself with a large backlog of COC applications, the time required to
approve them will increase.
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• JLS&A would also have to construct new overpacks to meet the parameters of each new
COc.:w Each one of these would cost about $50,000. Anticipated additional costs here
to JLS&A range between $600,000 and $750,000.

• The value of existing overpacks, with a per-unit depreciated value of about $30,000
apiece, would be lost. For JLS&A, this cost component would be approximately
$500,000.

Thus the overall cost of compliance for JLS&A would be, at the low end, slightly more
than $2 million, and at the upper end, on the order of $8 million. These costs are incurred even if
it is assumed that all existing devices will be able to be shipped legally in existing, requalified
containers or new CDC containers.

JLS&A is a firm with annual revenues and a total net worth in the mid-seven digits.
Having to spend approximately one year's total revenues or its total net worth, or several times
annual profits, on a short-order backfit that increases neither productivity, profitability nor
safety, would be a sufficiently questionable economic decision that the company would, instead,
regretfully, probably close its doors and go out of business.

2. Economic Harm to Others

a. Harm to JLS&A Customers

Even if existing JLS&A devices can be legally shipped, JLS&A will need to attempt to
pass on its increased costs to its customers. If JLS&A devices cannot be legally shipped,
however, customers' costs rise substantially. In that event, the value of these devices is largely
or totally lost from the time they need to be re-sourced or refurbished. At an average cost of
approximately $50,000 per unit, this means an aggregate cost on the order of $50 million,
distributed among several hundred JLS&A customers. This is a realistic scenario:

On those devices which were built to be shipped in DOT-Specification outer containers,
the inner containers were built under Quality Assurance standards that were not governed by the
NRC's QA program in 10 CFR Part 71, §§ 71.101-71.135. As a result, the documentation or
"QA Paper" for these devices may not conform to NRC QA requirements even though actual
design, procurement and construction standards may have been identical or equivalent to NRC
standards. Thus is would not be possible to document the "pedigree" of such components as the
shielding and the housing of these devices, which are integral to the device but technically part

20 It is possible that outer containers already licensed to 1967 standards under an existing
NRC COC could be requalified under the new criteria. However, because of historic differences
between NRC and DOT requirements, particularly QA paperwork requirements, it seems
unlikely that any DOT-Specification containers built to 1967 standards could ever be certified by
the NRC unless the NRC interprets the documentation requirements of Part 71 Subpart H
flexibly. Thus all DOT-Specification containers would, in all likelihood, have to be replaced.
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of the "packaging" as defined in NRC and DOT regulations (10 CFR § 71.4, 49 CFR
§ 173.403)). Unless the NRC either amends or relaxes its interpretation of its QA requirements,
it appears likely that it will not accept packages initially designed and manufactured to DOT
specifications. In that event, the cost of compliance would rise dramatically, as one of three
scenarios would follow:

1. Transportation containers would have to be designed21 that could transport existing
devices - which weigh up to 5000 pounds for a model 7A designed to be transported in a
20WC-6 container - without taking any credit for the radioactive shielding or structural
housing surrounding the source. Such containers would weigh, in all probability,
upwards of 60,000 pounds, thus requiring special highway authorizations and being
subject to limited routings; would need a dedicated tractor and a specially designed trailer
to transport them; and would be enormously expensive to build - several times the cost of
a container that could take credit for the structural properties of the inner container. It is
estimated that designing, licensing and constructing such a container, with dedicated
tractor and specially designed trailer, would cost upwards of $2,250,000. The cost of
succeeding containers, each with its own trailer, would approach $1,000,000 apiece.
Shipping costs for these containers would also be an order of magnitude higher than those
for current devices ($35,000-$40,000 v. $3000 per trip now for a 20WC). Even then, the
transportation rig would be unable to access numerous locations that can now be reached,
thus running the risk that some sources would remain stranded no matter what. Thus this
alternative, while technically feasible, is physically cumbersome and sufficiently more
costly than current shipping modes that many existing customers would be tempted to
buy and ship new devices rather than have existing ones re-sources or hauled away for
decommissioning.

2. Sources could be transferred at the customer's site from the existing device to a specially
designed "transportation container," using a portable hot cell transported to the
customer's site. JLS&A has not fully costed out this alternative because it appears to
have almost insuperable obstacles. First, most of JLS&A's devices are fabricated with
welded end-caps, in order to prevent tampering by unauthorized persons. As a result,
removing the source is a difficult, potentially high-exposure process when conducted in
the field. Second, setting up a hot cell is an unavoidably expensive business - on the
order of $300,000 per installation. Even if devices were designed with screw-on end caps
(and some of JLS&A's, though a minority, are) and special shipping containers were
designed to operate with them - thus substantially lessening the labor and radioactive
exposure associated with a transfer -- it would still be necessary to set up a portable hot

21 To the best of JLS&A' s knowledge, based on a review of the SS&D Registry within
the past year, there is no existing licensed transportation container that can be used to transport
all, or even a majority, of its sources in their 7A shipping configuration, giving no credit for their
shielding. Such existing containers as can transport even some of JLS&A's devices in this
fashion are typically used for transporting radioactive waste, and thus are sufficiently
contaminated that their use for transporting laboratory equipment, which has been manufactured
in a clean room and kept rigorously free of stray radiation, would be highly questionable.
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cell. This alternative is prohibitively expensive except in extreme conditions. It is also
inconsistent with the ALARA goal of minimizing occupational exposures to radiation.

3. Existing sources in existing devices manufactured to DOT specifications would become
unshippable in existing packages, and their value would be lost as of the time their
sources next need to be removed. JLS&A has nearly 1000 of these devices in service
throughout the US, so the cost to JLS&A's customers, at an average value of $50,000,
would be $50 million. JLS&A regards this scenario as the most likely, since the cost of
the other two scenarios is likely to deter market entrants.

b. Harm to Third Parties

As noted above, JLS&A is not aware of published data that describe the total number of
1967-Specification containers (DOT- or NRC-approved) in use today in the U.S., or the number
of device designs, or the number of actual devices affected by the proposed rule. However,
JLS&A believes that the total numbers are on the order of 10 to 15 times its own. In that event,
the economic costs projected by JLS&A for itself can be extrapolated as follows:

• costs of design, testing and licensing of new designs: $10,000,000 to $90,000,000
• costs of construction of new overpacks: $6,250,000 to $12,500,000
• loss of value of existing overpacks: $5,000,000 to $10,000,000
• loss of value of existing devices: $500,000,000 to $1,000,000,000.

These are only estimates based on extrapolations, not on real data. Nonetheless, they are
based on real knowledge of the industry and make clear that the projection in both NRC's and
DOT's rulemaking notices, and of the NRC's draft Regulatory Analysis that they do not expect
any significant costs to be associated with the implementation of the rule, is wrong.

3. Environmental and Safeguards/Security Costs

At some point every device containing a radioactive source needs either a fresh source, or
refurbishment, or retirement. At that point, if it (or a replacement source) cannot be shipped for
service or disposal, it becomes an "orphan source" - inoperable, but immovable. If JLS&A and
other firms now relying on 1967-Specification containers are driven from business by the cost of
conversion, these devices will become orphan sources. Facility managements, in coordination
with state governments (in Agreement States) or the NRC, must then store them safely,
indefinitely, keeping them physically secure, protecting personnel against radiological hazards,
and guarding against safeguards hazards including, in the current environment, the potential for
theft by terrorist individuals or groups and homeland-security issues.

JLS&A's devices are located in literally hundreds of facilities throughout the United
States. Other firms' devices are also widely dispersed. Some of these facilities, like nuclear
power plants and government installations, are relatively secure; others, like hospitals, blood
banks and university laboratories, may not be. At any time, care of these sources requires the
availability of space, the implementation of procedures for regular surveillance and inspection,
and other ongoing costs, both to entities possessing them and to regulatory agencies. In times of
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heightened national security, when orphan sources can also become potential terrorist threats, the
security cost of continued possession rises substantially. The cost of theft, diversion or other
unauthorized misuse by terrorists - socially unthinkable - are enormous, and have not been
addressed by IAEA (or NRC or DOT) in making the proposed revisions.

To make matters worse, as long as these devices are unshippable, no entity possessing
them can conduct a final radiation survey and terminate its license. Every such licensee must
remain indefinitely on NRC or Agreement State rolls. In the meantime, any closure of any
facility containing such a device, or any sale or other transfer or conversion, becomes virtually
impossible since the current licensee must either remain on the license for the device or transfer
it to another qualified potential licensee. This not only greatly complicates normal real estate
transactions but basically freezes any facility in its current use and ownership indefinitely.22

No attempt has been made here to monetize these costs. However, they are real, and
substantial, and the rulemaking notices and draft Regulatory Assessments totally neglect them.

JLS&A is not in a position to conclude that the prospect of creation of potentially
thousands of quite radioactive orphan sources around the country -- which it believes is likely ­
as one collateral effect of the pending proposal constitutes a "major federal action significantly
affecting the human environment" requiring a full-blown Environmental Impact Statement under
the National Environmental Policy Act, 42 U.S.C. § 4331 et seq." What JLS&A does know is
that there has been no consideration of this issue, and that agencies issue rules without such
consideration at their peril.

V. THE ADVERSE EFFECTS OF ELIMINATING USE OF 1967-
SPECIFICATION CONTAINERS FOR U.S. DOMESTIC SHIPMENTS FAR OUTWEIGH
THE BENEFITS OF DOING SO

Both NRC and DOT concede in their rulemaking notices that their proposal to
eliminate 1967-specification containers from domestic use does not rest on a health-and-safety
foundation. They both concede that current container regulations provide adequate safety and
that there will be no net increase in safety from adoption of the new regulations. NRC's closest
approach to a relevant argument in favor of elimination of 1967-series containers is its notation
of six design changes since 1967-specification packages were first approved, and its conclusion,
without any further support, that these changes make it "appropriate to begin a phased
discontinuance of these earlier packages (l967-approved) to further improve transport safety."
67 Fed. Reg. 21406 col. 1.23 As noted above, all of these changes either are irrelevant to Type B

22 To illustrate the absurd complications of the orphan source issue, JLS&A is aware of
one instance in which a bankruptcy creditor tried to seize a licensed radioactive device from an
insolvent licensee and sell it as an asset of the bankrupt estate. JLS&A was asked to intervene,
and did so by obtaining an administrative order, to prevent this from happening.

23 NRC also asserts the proposed revisions would "result in enhanced regulatory
efficiency by bringing NRC's requirements in harmony with those contained in TS-R-l." 67

(continued... )
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shipments of special-form radioactive materials in domestic commerce, or they have been taken
into account. DOT does not advance any substantive arguments of its own, but merely states that
it intends to adopt the IAEA position. 67 Fed. Reg. 21339 col. 2.24

Thus the health-and-safety rationale for the proposal amounts to two general suggestions:
first, that 1967-Specification containers are not fully modern, without pointing out or even
hinting at any actual problems with their use; and second, that uniformity with international
norms is important in international commerce, without any attempt to establish the necessity of
rigorous adherence to international standards for purely domestic U.S. shipments.

Contrasted against these conjectural benefits are three very real facts:

First, the 1967-Specification containers have a long and excellent safety record. There is
neither a tangible benefit to be gained nor any demonstrable harm to be avoided by compelling
their removal from service.

Second, the benefits of uniformity with IAEA requirements do not necessarily apply to
domestic shipments. In the case of shipping containers, they do not apply.

Third, there are very real, and large, costs to removing them from service, whether or not
JLS&A and other similar businesses are not driven by it from the field. If they are, the costs
mushroom and long-term concerns for the security and safety of the affected devices arise
immediately.

VI. NRC AND DOT ARE NOT REQUIRED TO APPLY IAEA STANDARDS TO
PURELY INTERNAL U.S. REGULATION AND SHOULD NOT BE BOUND BY THEM IN
THIS CASE.

IAEA requirements, or regulations, are not self-implementing: they do not bind the
United States, or any member State, unless ratified or accepted by that State's government.
Indeed, IAEA recognizes in TS-R-1 that national-level departures from its provisions may be
"necessary for solely domestic purposes." TS-R-1 , Foreword. Consistently, DOT, as the
official U. S. Government representative to IAEA, is obligated to participate in international
standard-setting forums. 49 U.s.c. § 5120. However, it is obligated to ensure only that U.S.
domestic regulations are "consistent with" international standards, and then only "to the extent
practicable." /d. The statute also allows DOT flexibility to reject any international standard (for
either domestic U.S. or international application) that the Secretary of Transportation decides is

Fed. Reg. 21406 col. 2. This argument is well taken for international shipments but is not
applicable to domestic U.S. shipments.

24 DOT argues that since two international modal organizations, IMO and ICAO, have
accepted the IAEA TS-R-I requirements for international shipments, so should DOT. 67 Fed.
Reg. 21339 col. 2. In doing so, DOT acknowledges but, erroneously, totally dismisses any
distinction between international and domestic shipments.
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"unnecessary or unsafe." § 5120(c). Historically, while the United States has encouraged
consistency of regulatory provisions that affect international commerce, it has differed, like all
nations, on specific issues from international standards where those issues do not affect
international nuclear commerce.

Indeed, both NRC and DOT have recognized this independence with respect to the
current rulemaking. After identifying 11 areas of current U.S. regulation where the TS-R-l rules
would suggest change, the NRC proposal takes total or partial exception to three of the TS-R-l
proposals for both U.S. and international shipments.25 In addition, NRC has proposed to add one
provision which it acknowledges is not included within TS-R-1; for this reason, NRC proposes
to make this provision applicable only to U.S. domestic shipments.26 Similarly, DOT, after
identifying 10 areas of proposed change in its proposed rulemaking, takes exception to one TS­
R-l proposal; again, the exception proposed by DOT is for U.S. domestic shipments only.27

NRC also indicates in its proposed rulemaking notice that it is prepared to depart from
total uniformity from international requirements in purely domestic shipments to the extent the
international shipment cannot be justified from a cost-benefit perspective, particularly given the
adequacy of existing regulations. 67 Fed. Reg. 21394 coLI.

On the record of this rulemaking to date, there is neither a tangible safety benefit to be
achieved nor a definable risk to be avoided from the proposed elimination of 1967 Specification
packages as applied to domestic shipment of Type B quantities of special form radioactive
materials. The only really definable benefit - uniformity in international shipping regulation - by
definition does not apply to domestic shipping. The only other asserted benefit - general
improvement in safety levels by a process of, in essence, technology-forcing, by limiting the
useful lifetime of container designs - is a theoretical argument which, unless supported by facts,
should not be applied in a vacuum. 28 JLS&A submits that there are no such facts in the record

25 These are proposals 1 (Changing US regulations to use the International System of
Units only), 3 (Revision of Al and A2 values), and 10 (Crush Test for Fissile Material Package
Design).

26 The proposal would add a new section § 71.18 to permit a new type of dual-purpose
package, type B(DP), for both storage and shipment of spent reactor fuel. It would be restricted
to U.S. domestic shipments only. See 67 Fed. Reg. at 21415-17,21430,21448-49.

27 DOT took exception to proposed Al and A2 values for Mo-99 and Cf-252, for
domestic shipments only.

28 The basis for this argument is a position taken in TS-R-l. None of the underlying
support for this position is available from either the NRC or DOT rulemaking records. No U.S.
regulatee has had the opportunity to contribute to the IAEA process or even to scrutinize it after
the fact. If NRC or DOT wish to insert an IAEA position into their regulations, they should
justify it independently. This is particularly the case given the "out" afforded to the Secretary of
Transportation to not accept an IAEA position which he does not consider to be "necessary."
See. 49 U.S.c. § 5120.
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here, nor any in the history of use of these packages. On the other hand, there are substantial
costs described above which, both agencies acknowledge, they have not considered to date.
They cannot neglect these costs in determining whether to implement this proposal.29 JLS&A
submits that a review of the costs and benefits of this proposal will show that it cannot be
justified in terms of cost-benefit analysis, measured either in dollar terms or in benefit to the
health, safety and welfare of the American people, or in a comparison of statutory-policy benefits
against costs.

VII. THE PROPOSED RULE WOULD HAVE SUBSTANTIAL ADVERSE EFFECTS ON
A SUBSTANTIAL NUMBER OF SMALL ENTITIES AS DEFINED UNDER THE
REGULATORY FLEXIBILITY ACT

Both NRC and DOT have misassessed the impact of their proposals on small entities
protected by the Regulatory Flexibility Act, 5 U.S.c. § 601 et seq. NRC certifies that there will
be no "substantial economic impact on a substantial number of small entities, on the basis that:

This proposed rule affects NRC licensees, including operators of nuclear power
plants, who transport or deliver to a carrier for transport, relatively large
quantities of radioactive material in a single package. These companies do not
generally fall within the scope of the definition of "small entities" set forth in the
Regulatory Flexibility Act or the size standards adopted by the NRC (10 CFR
2.810).

67 Fed. Reg. 21442. The NRC's observation is absolutely true of nuclear power plant owners
and operators and sometimes true of shipping companies. However, JLS&A is a small entity
within the NRC's criteria. So are numerous others of the entities that manufacture or actually
transport devices affected by the proposal. Whenever their absolute number, JLS&A believes
that they represent a substantial portion, if not the majority, of the entities in this business. Thus,
JLS&A believes, the provisions of the Regulatory Flexibility Act are triggered. In any event, the
NRC's characterization of nuclear power plant operators as the typical type of entity affected by
the proposal under discussion is incomplete: in addition to entities like JLS&A, they include
hospitals, research facilities, blood banks, colleges and the like, numerous of which all within the
size or income categories of small entities.

DOT, by contrast, concedes that a large number of entities, a potentially significant
number of them small, will be affected by the proposed rule, but asserts that imposing
international uniformity will offset, for many of them, a higher cost of complying with dual

29 The NRC's "backfit rule," contained in Parts 50 (§ 50.109) relating to power plant
licensing and 72 (§ 72.69) relating to interim fuel storage facilities, does not literally apply to
Part 71. However, the backfit rule merely embodies the generally applicable maxim of
administrative law that a change, not required by statute, is justifiable only when the benefits,
measured in terms of furtherance of the agency's statutory goals, are "substantial" and any direct
and indirect costs of implementation are "justified in view of this increased protection."
§ 50.109(a)(3).
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systems of regulation. DOT also asserts that "the proposed phase-in period of two years
following the effective date of the final rule for continued use of currently authorized packagings
should provide for a smooth transition to the NRC approval process." 67 Fed. Reg. 21345 col.
3.

DOT's dual-regulation argument, while plausible in the abstract, is not persuasive as to
the continuation of use, or not, of an existing class of container for domestic shipments. DOT's
argument ignores the fact that in the United States (far more than in Europe), a major proportion
of shipments of radioactive materials never cross national borders. For numerous shippers, there
simply is no potential for dual-regulation tension. Finally, for reasons set out above, JLS&A
believes that the proposed two-year transition period is not adequate.

In short, for different reasons than those relating to the NRC, JLS&A believes that neither
NRC nor DOT, for different reasons, can make the required Regulatory Flexibility Act
certification on the rule as proposed.

VIII. COMMENTS ON NRC QUESTIONS

The NRC's rulemaking proposal includes lists of general, and comment-specific,
questions. JLS&A summarizes below, in response to these questions, relevant portions of the
material discussed at greater length above:

1. Comments on NRC General Questions (67 Fed. Reg. 21394 coLl):

(1) Quantitative information on costs and benefits: As outlined above, the costs of
permitting continued use of 1967 Specification containers are zero. The costs of requiring their
replacement are substantial and have been stated above. The benefits of requiring such
replacement for domestic use are, at best, hypothetical and, in the real world, zero.

(2) Operational data on radiation exposures from implementing proposals: JLS&A has
illustrated the potential increases in radiation exposure that would be entailed from use of
"transfer" containers, and the potential for increased exposure from orphan sources in either
normal or accident or safeguards-event circumstances.

(3) Whether proposed changes are adequate to protect public health and safety: New
containers, if they could be built feasibly, are adequate. So are existing containers. Radiation
risks from orphan sources created by "sunset" on use of existing 1967-specification containers
decrease protection of public health and safety protection.

(4) Whether other changes should be considered: With respect to continued use of 1967­
Specification containers, JLS&A's proposals are set out immediately below.

(5) How specific risk considerations should be factored into proposed amendments:
JLS&A believes that the risks associated with creation of a large class of orphan source
containers, while not quantified in terms of rads, person-rem of exposure, or accident frequency,
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are real and substantial, and that they should be applied in assessing the costs and benefits of
deciding whether to implement a discretionary decision to ban further use of 1967 Specification
containers. JLS&A believes that these factors, in combination with compelling administrative
and cost considerations, argue overwhelmingly against implementation of this proposed change.

2. Comments on NRC Questions Related Specifically to the 1967-Specification
packages (67 Fed. Reg. 21394 coI.3):

(1) Under what conditions should packagings be removed from service?

• There is no reason to compel removal of properly inspected, properly maintained 1967­
Specification packages from service for U.S. domestic shipments of special form Type B
quantities of radioactive material. There is no articulated safety risk being avoided by the
proposal. There is no articulated safety gain from adopting it. There will be no higher
level of overall safety from adopting the proposal than there is now. Thus current
proposal to ban such packages should be limited to international shipments, and there
should not be any specific "sunset" date on their use for U.S. domestic shipments.

• There is good reason to require owners and users to inspect and maintain older packages
especially vigilantly. NRC and DOT enforcement of compliance will force users, in their
own self-interest, either to maintain current containers or convert to newer designs.
Either choice will ensure safe and conforming operation.

• It is legitimate to ban further construction of any new 1967-Specification packages, not
already contracted for as of the effective date of the regulations containing the proposal.

• Any modification of current requirements must not operate to prevent a device built to be
transported in DOT Specification 20WC containers, and which has integral shielding and
housing that is part of its "packaging" for regulatory purposes, from being shippable
merely because it was not constructed fully under the 10 CFR Part QA 71 rubric.
Otherwise, that device will become, overnight, an "orphan source."

• There is a potential for substantial delay in approving new designs or recertifying existing
designs. Any "sunset" deadline on use of any package design being phased out under this
proposal should permit its continued use pending ultimate decision by the NRC on either
recertification of the existing design or approval of a new design, as long as (1) a good­
faith, substantially complete application for approval or recertification, as the case may
be, has been filed with the NRC at least 12 months before the nominal "sunset date" on
use of the existing design, and (2) the application for approval or certification clearly is
clearly related in the application to a design which is subject to the "sunset" provision.

• If a specific "sunset" date is chosen, it should be significantly longer than the ones
proposed by either NRC or DOT to date. NRC and DOT should agree on a common
"sunset" date.
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• NRC and DOT should not subscribe to the useful-lifetime limitations for shipping
packages implicit in the IAEA's intended biennial review of its regulations. On an
ongoing basis, the cost of such forced obsolescence will raise the cost of transportation
unwarrantedly.

(2) What are the cost or benefit impacts associated with the proposal to remove
BO packages from service?

• There are benefits of uniformity and consistency to adoption of the IAEA standards. As
respects use of 1967-Specification containers, they apply to international shipments, and
JLS&A does not object to removal of these containers from service in international
shipments. They are not necessary for to domestic shipments.

• The benefit of removal of an older design from service is purely hypothetical as long as
packages manufactured to that design are properly maintained and are performing their
function safely and satisfactorily.

• The economic costs of banning 1967 Specification designs or of forcing owners to
requalify containers (including associated devices) built to them to current standards have
been discussed above; they are real, substantial, and clearly outweigh the conjectural
benefits of implementing this proposal for U.S. domestic shipments.

• The environmental costs of creation of hundreds or potentially thousands of new orphan
sources are substantial. Hundreds of sites, some of them not secure, will have to
safeguard no longer usable devices indefinitely, imposing costs on them and creating a
risk of attack or security threats at readily identifiable sites from terrorist or other
malevolent actors. Additional resource costs will be imposed on state and federal
regulators, who will need to oversee the adequacy of security of these sites. And these
costs will last indefinitely, until a removal mechanism is developed that is perceived as
less costly than continuing storage. In the meantime, no facility in possession of one of
these devices will ever be able to terminate its license. And sales or other transfers of any
such facility will be greatly complicated by the presence of one of these devices, and
shutdown will be impossible. Licensees will be unable to perform close-out radiation
surveys or ever terminate a license.

IX. JLS&A'S SPECIFIC PROPOSALS

For the above-stated reasons, JLS&A respectfully urges DOT and NRC to modify their
rulemaking proposals so as to permit the indefinite continued use of properly maintained existing
packages built to 1967 IAEA Safety Series 6 Specifications for the domestic shipment of Type B
quantities of special form radioactive material within the United States. In any transitional
provisions that the agencies might ultimately issue, JLS&A urges the following provisions:
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Issue 1. Changing Part 71 to 51 Units Only

Secretary
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852

,---•

September 29. 2000

~~~\~(fp5 3bO)
\VRllTEN COMMENTS IN ADDITION TO ORAL COMMENTS

PRESENTED AT THE 9/26100 PUBLIC MEETING
ON lOCFR PART 71. PROPOSED REVISION

COMPATIBILITY WITH 5T-l

General comments.

ST-I requires use of SI units onl)' on transponation packages and shipper's paperwork, but d~
not address or prohibit the usc of the use of the dual-unit system. as called out in the NRC metri­
cation policy. by member,countries for internal use.

Application of 51 methodology to other disciplines has not been commonplace. Astronomers do
not express the speed of light as 0.3 tetrameters/second or a light-year as 9.5 exarnillimeters.
fedcrallstatcllocal authorities do not publish speed limits in terms of_megamillimetersl hour

Factors for consideration

The changes of relevant documents 10 SI units for Cenificatcs of Compliance (Cae's) and
licensing packages 10 SI units only has major poten~:al cost impact. The possible financial
implications for COC certificate holders. part 71 QA program holders and license holders must
be addn.-ssed separately.

Possible fin.1ncial implications for roc certificate holders and pan 71 QA program holders.

Current CDC's in our possession are not issued using SI or dual units. If the NRC Transponation
Brnnch requires that changes in the COC's., the Part 71 Program Plans and implementing docu­
ments such as loadingllabcling instructions included in the COC approval package and as pan of
Part 71 QA Program Plan require specific formal review and approval by this entity. not as part
of normal reviews. these reviews could easily exceed S15.000.00 per package or Part 71 QA
Program Plan review. based on our knowledge of reviews performed for J.L. Shepherd and
Associates (JLS&A) and talks with other COC holders. This docs not include the time required
by Ihe ccnilic.uc/QA program holder for in..:mal review. audits. making the necessary changes
in these programs and interfacing wilh this branell. which is of equal magnitude to Ihe NRC
direct costs.
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9128100 WRITTEN COMMENTS IN ADDITION TO ORAL COMMENTS PRESENTED AT
THE 9126/00 PUBLIC MEETING ON 10CFR PART 71. PROPOSED REVISION COMPA­
TIBI LlTY WITH ST-I
Page 2.

Conft'qu,.n.ly thl" {Ultrnlial r.O:it ~r COC nil~kiJ2~ Qf QA revie~ ~'o~ld be S~01000.~0 or STeater.
Because the change from dual-umt to SI umts only has no posluve Impact In reducmg r3chatton
exposures to operoting OT transport company persoMel. increasing safety of transport or the
safety of the general public, the cost of implementing it could be excessive for achieving no
tangible results.

If these formal reviews and approvals arc required for a compliance deadline date. there is the
potential problem of timely response b)' the Transportation Branch if each COC package with
supporting drav.iDgs and instructions and each Part 71 QA Program Plan requires this action. due
to the immediate back log volume.

Because ST-I does not address or prohibit dual-unit systems on the COCs themselves or the
implementing documents. we would like to suggest that dual-use units be phased in as the
COCs. with their implementing documents and drawings used as part of the COC itself. come up
for renewal or package retesting. We would also like to suggest that conversion to dual-use units
be voluntary for QA Program Plans and their implementing documents.

Possible costs for NRC)Agreement State license holders.

Part 71 references Part 20t 21, 30, 39, 40. 70, and 73

.1mplementing this program for transportation could impact all other Pans referenced in Part 71.
per the above list. This could require that each holder of a NRC or Agreement State radioactive
materials license which incorporates English (better termed traditional or dual-unit systems
would be forced to rc~te the license. including all Radiological Safety Programs. and that each
licensing agency, NRC or Agreement State, would be rorced to re-write their licensing programs
and licenses. The Code of Federal Regulations for 10 and 49 would also need to be rewritten in
their entirety.

We have discussed this with Radiation Safety Officers at major universities. for example. and
they predict llaat the cost for this conversion would be in the range ()f $250.000.00-$500.000.00
per year for no tangible reduction of radiation exposufC or increase in public health and safet)'.
The overall cost could be in the range of hundreds of millions of dollars. The time: to achieve it
would be measured in years. not months. The congestion at licensing agencies would be cnor·
mous \\lith obvious results.

Risks and safely impacts whjch might occur in shipmenls because of pOssible confusion or
erroneous conversion between the currently used English units and SI units

Workers in the transport industry who handle RAM shipments typically do not have four year
college de~recs. doctorates or other advanced degrees. Most drivers. but cenainly not all. have
high school diplomas. Typically material handlers do not have high school diplomas and man)'
have only limiled literacy in written and spoken English.

The increased complexity of dealing with Sl units. especially in dealing with orders of magnitude
and with confusing and unfamiliar prefixes. as compared with the English units with whichlhc:sc:
P'=rsonnel are familiar. grcady increases the possibility of erroneous c\lRversion and. more impor­
tantly. confusion in handling RAM shipments and possible unnecessary radiation exposure lO
lhesc personnel.
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In our production plan~ despite repeated explanations. many of our non-radiological workers
who have limited educational backgrounds. have serious difficulty in dealing with SI units.
although they have good understanding ofand deal competently with English units;

We provide Emergcncy Response training to local policc officers and firemen, who typically
have two or four year college degrees. Our experience has been that they have an excellent grasp
of the English units. but have difficulty in dealing with S( units. especially in dealing with
emergency conditions which do not lend themselves to cerebral conversions. This is confirmed
by the retired firc captain who does our yearly recertification of hazardous waste operations and
emergency response. Thc difficulty found in SI conversion for emergency response personnel
without using dual-units could easily result in unnecessary deaths. Conversion training costs
could seriously impact Fire Department and other first responder budgets resulting in decrc::lSed
responses to other types ofemergencies.

As part of the installation of our devices, we also provide radiation and use training. It is interest­
ing to note that the great majority of our customers. both in the USA and overseas. most of
whom have advanced college degrees. prefer and use English rather than 51 units routinely.

Transition period for conversion to exclusive use of SI units

Using the attempt to convert English to Metric units in the USA for general commerce. which
has been attempted for more than 30 years with less than 10% success as a norm. a lransition
period of 10 }'ears would be a minimum. with the caveat that all workers dealing with these units
he trained to be competent in both algebra and mathematical notation. With the lack of educa­
tional success with the routine conversion to metric, if 51 units were to be used exclusively in­
stead ofdual-units, we believe that there could be serious health and safety implications not only
for QA Program Plan holders. transporters and licensees. but to the general public as well.

Summary.

The implementation of this program can result in major costs with no positive rc.~hs in the
enhancement of public health and safety or reduction of radiation exposure to radiation workers.

Both the NRC and Agreement States would require significant additions to pc:rsonnel and
budgets for the implementation to SI units only. with increased costs passed onto licensees. with
no other increases in services.

We would like to ask if the NRC has interfaced with the CRCPD. heads of Agreement States.
NRC Agreement States Programs for impact and cost analysis. Many of the CRCPD members.
including Agreement State heads. are under the impression that this proposal only effects ship­
ments and QA Program Plans.

Although we did not get a chance to comment on this issue before the DOT comment period was
up. we ask that the DOT also consider these risks in their formulation of compatibility.
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Inue 2. Radionuclide Exemption Valua

Unless it can be shown that the use of the DOT exemption values have compromised Public
Heahh and Safety these values should be referred to in Part 71. These should be applied to an
domestic shipments.

For lorcign shipments only the ST-I exemption values should be adapted in part 71. This stan­
dard should not be difficult to implement for foreign shipments.

For domestic shipments the additional costs involved by adapting the ST-I values could be justi­
fied only by possible enhancement of public health and safety related to these shipments.

The adaption of tbe ST-I exemption values could create havoc for those using the current DOT
values for non-transportation activities such as licensing. .

To avoid burdensome and unnecessary costs for these entities. it would be necessary for the NRC
to set up a protocol tor specifically adapting the DOT values for these applications. Would this
cost be otTset by enha:,;:ed public health and safety'?

.,sue 3. Revision or AI and A2

For the shipments we make the A.J..and ~ values as set out in 5T-1 are both well-documented
and practical for tran:~portation. I ncre seems to be no practical alternative to the adoption of
these values.

Issue 4. Uranium Hnaflouride Package Requiremtnts

No comment.

1~5ue 5. Introduction of Critit:ality Safety Index ('SI) Requirements

No issues are envisioned in the use of two n values for a shipment. The use of the CSI index
should enhance shipment of this material "ith minimum burden on the shippers.

hsue 6. T,'pe C Packages and Low Di5nersible Mattrial

Currently certified Type B packages which are used for tran~rting Cobalt-60 for use in process
irradiators which have loadings of~ 100,000 Ci. (3.7 x IOI~ Bq) Co-60 would be restricted Ii·om
air transport. This would result in the re4uirement for multiple. typically 3-10 or more ship­
ments. replacing a single shipment under current regulations "ith large incrcnscs in transp<,rt
costs. These arc typicnl1y ~ S1.001 Ib for these air shipments which usually weigh 10.000-15.000
lb.

DOl'S increasing th~ number of shipments by a factor of 3 to 10 or grcnter rcally enhance public
health and safety'?
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Are the increased shipping costs. which would increase overall costs per shipment to operators of
process irradiators by ~ 25%, justified by a program which would actually decrease public health
and safety by required multiple shipments?

Because large Curie Cobalt-60 process irradiators are used for medical sterilization andlor food
irradiation. besides increasing the number of radioactive materials shipments, Medicare. health
insurance and other related medical/first aid/cosmetic costs (bandages and other sterile throw
away items) will be greatly increased to reflect higher transportation costs for reloading these
irradiators. In the case of food irradiation for the eradication of such bacteria as ecoili and
salmonella. would the fledgling public acceptance of this process be destroyed because of in­
creased co~1S and the presumed perception ofgreater risk?

Issue 7. D~t'p Immer.cion Test.

In pr~cticalilY Ih~ q~ntilies liste~ would be limited to irradiated fuel elements. Shipment of
radiOisotOpes rarely. If ever. contain these amounts.

It is suggested that the present lOCFR71.61 criteria be maintained and extended to cover all
packages with activity levels ~ lOs~ quantities with the note that this specification is more
conservative than the ST-l requirements. This should eliminate the requirement for special
review and certification of US origin package designs.

For non-irradiated fuel element shipments. there should be no impact on availability and ship­
ring costs because there are few. if any •shipments of the required quantities of this material.

With the application to B(U) packages c.Qntaining Al special form sources arc these packages
exempt from this tcst or is this an (wersight?

IS5UC 8. Grand fath~ringPre\'iously APl'rovfll Pack2gcs

Please note that this section on the "Grand fathering" issue relates onl)' to NRC Type B COC
p~ck3ges. P~ckages for fissile material and part 71m dual use packages for Spent Fuel arc nol
mcluded in our comments.

With reference to the various IAEA publications; Safety Series II 6. 1967 edition. ibid 1973
edition. ibid 1973 edition as amendc::d 1979. ibid 1985 edition as amended 1990 and ST-1. 1996
edition. the date of the edition is not of signHicance. only the testing requirements for Type 8
(196Q edition) and type B(U) (subsequent editions) packages.

Ir .. package has been certi fied under an earlier edition, let us say 1961 or 1913. it should be
necessary only to demonstrate this package will pass any revised or additional tests as required
under latest edition. ST-I (1996), and not to recertify the entire package to permit use of the
paeka@e. \
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Let us consider the various tests required for Type Band B(U) packages as sequentially listed in
the IAEA editions.

Drop I: unchanged 1967-1996 editions.

Drop II: unchanged 1967-1996 editions.

Drop Ill: added 1985 edition-1996 edition.

This is actually a meaningless test for packages ~ 500 Kg in that it has identical
effect 3S Drop 1 for these packages.

for existing COC packages which exceed 500 KG mass no additional testing should be
required to meet the 1985-1996 requirement.

For those packages with S 500 Kg mass providing the NRC ",ith test results or calcula­
tions proving the capability of these packages to meet this test should pennit the NRC to
issue a revised certificate renecting current regulations with reference to this test.

~I We suggest that all packages of::= 500 Kg mass should be automatically "Gr.mdfathen.-d"
.: in.

. -Thermal Test. Unchanged from 1967-1996 editions with the single exceptiQnofthc addi­
\ tion of para.728(b} to the 1996 edition. This is not adestruetive test. Calculations to
~ show the capability of a package to meet this paragraph arc simple.

l
A~1 e~isting packages can be "Grandfathered" in using the "last two major revisions"
cfltcn3.

Providing the NRC with eilher test data or calculations proving that an ~xisting COC
package meets this requirement should permit the NRC to issue a revised certificate
reflecting current regulations with reference to this test.

\ Water immersion tcst. Added in 1973 edition and unchanged (hru 1996 edition. In fact
, any coe packagcs with metal outer surfaces or metal outer surfaces eo\'erin~ solid wood

\ interiors can be easily shown to meet this requirc:menl.Providing the NRC With either test
I data or calculations showing that these packages meet this requirement should permit the
\NRC to issue a revised certificate reflecting current regulations with reference to this tcst.

Because of the time required for manufacturers to test or perform the required calculations to
pro~hatexisting COC packages meet all current test requirements as discussed above. estimat-

. cd at ~ one year and the time required by the NRC to evaluate this data. unknown. these: packag­
es should be "Grandfathered" in for one year plus the time required by the NRC to perform the
evaluations .md issue the revised certificates for all existing packages.

This would be in order because these packages have an excellent history. no documcnled releases
nf radioactive material or radiation resulting from accidental conditions of transport. and meet
all current critical criteria as called out in ST- I.
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Based on thousands of these types of packages which we have encountered. passing the "Water
immersion test" wHl be no problem and ST-l, para 728(b). the additional "Thermal" test. is
already accounted for by wattage limitations placed on these packages by the NRC.

Consequently. public health ~nd safety would not be compromised if these packages are "Grand­
fathered" in as recommended above.

On the other hand public health and safety could be seriously compmmised if these packages are
not Grandfathcred" in. Bccause no packages exist which are currently certified to meet ST- J and
which arc capable of transporting the thousands of Irradiators and Calibrators containing Type B
quantities of radioactive material currently existing in US universities. hospitals.. DOD. DOE and
industrial facilities. each of these facilities will be unable to ship these type B quantities and
become de-facto :I long-term high level REPOSITORIES for these type B quantities of RAM.

Is it the intention of the NRC to inS1antancously create thousands of long-term REPOSI­
TORIES for large (Type B) quantities of RAM? In my opinion the creation ofthesc REPOSI­
TORIES is not in the interest of public health and safety or of the licensees who possess this
material.

The Orphan Source Program. which CRCPD. the USNRC. Agreement States and the USDOT
have bt..'"Cn working on for the past several )'ears could be placed in jeopardy. Orphan Sources
\"ith ~ Type AI or ~ quantities arc shipped in the t}'pcs of Type B packages under question.
Have these Program participants been notified of the potential impact of adoption of ST-I? It is
our opinion that cessation of Type B quantifies of RAM under the Orphan Source Program·
(which includes abandoned sources) will seriously impact public health and s.,fety.

Some waste shipments contain greater than Type AI or A2 quantities and are shipped in the types
of Type B packages under question. Have waste program participants (brokers. licensees and
their regulators) been notified of the potential impact of adoption of ST-l? It is our opinion that
ccssaHon of Type B quantities of RAM in these packages (which includes abandoned and or­
phaned sources) will ~riously impact public health and safety, Is it the intention of the NRC to
inflilntnnroll'il)' rn~i\tr th.nwvmrl::i nf Inm:-\crm Rf.rC)SlTOR1~S 19f !~rG~ {Type;: f3l gua'l,ifi~s of
RAM destined for land dIsposal as waste?

The two->'ear fr~quency of reviewing and updating ST-I is somewhat impr.tCtical. Typical time
to design. fabricate and test a package to meet a revised ST-l specification is greater than two
years followed by the time required by the NRC to e~"3luate and issue a certificate for the pack­
age. If calculations rather that testing are presented to the NRC. this e:valuation time must pre­
cede fabrication.

Consequently designing a new package Olnd oblaining certification thercfore will probably re­
quire: yreatcr than the two year ST-I rcvision periods. No manufacturer is likcl}' 10 make the
investment in desi~ning tI new package if is probable lhat the package requirements lor certifica­
tion will materially change during the design/fabrication/certification period rendering the
package obsolete and of no value prior to initial usc.

Issue 9. No comment.
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Issue 10. No comment,

15....ue II. No comment.

Issue 12. Special Package Appro\·als.

"large Objects fall into three categories (as a minimum):

I. Reactor Vcssels which contain very large quantities of radioactive material.

2. Miscellaneous materials such activated shielding material or building material
removed from decommissioned Cyclotrons. Accelerators etc.• which may
contain Type B qUilntities of RAM.

3. Irradiators typically used for research which conUlin type B quantities of RAM and
were fabricated prior to current shipping regulations which arc to be shipped tor
decommissioning.

Revising polrt 71 to include Category 1. Reactor Vessels, incorporating the risk-informed basis
used for the Trojan shipment is feasible; however the adoption of a "Special Ammgcment"
provision may be more expcdientbccause of t"e :'''Clfio~oftypes of these Vessels which must
he addressed. i.e. those from Power and those from Resc.-arch reactors.

Revising pan 71 to include Category 2 would be difficult because of the variables and associat­
ed risks in\'olvcd.

As discussed at the public meeting. revision of part 71 to include Category 3. old Irradiators to be
shipped for decommissioning. should be excluded from this rule making. There arc many Cobala­
60 and Cesium-I 37 irradiators. originally used for research. which are located in the LIS. Many
units of this type have no package markings, or these markings have been removed. Unlike
reactor vessels. there an: nomlally no dra\\ing packages available for these units. many of which
were one-of-a-kind. rendering a "Special Package Approval" impossible b)' the NRC.

The majority of the original manufacturers of these packages are now extinct: most WetC AEC
licensees and AEC records. especiaJly for transportation criteria. may be unavailable. These
should be subject for possible consideration for a future rule making.

TI~sc joint NRC/DOT reviews and "Exemption Certificates" should be provided at no caslto the
requester. otherwise the problems and endangerment of public health and safet)' as discuss..d
previousl)·. especially with concerns to orphan sources. will again be a result of this adoption into
Part 71. Currently shippable packages under DOT exemption could become orphan sources.

It should be noted that the DOT exemption review process has worked very weJl and to our
knowledge there has been no release of RAM from the sealed sources during a transportation
accident for an exempt shipment. Additionally. it should be noted that historically there have
been no reported releases of either radioactive material or excessivc radiation from t1lt:se old
p:lckal;CS resulting from accidents in transport although large numbers of shipments were m:lde
in lhc~ packages.
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bsue 13. Expansion of Part 71 QA Requirements ...

IOCFR72 relates to Licensing requirements for Independent Storage of Spent Nuclear Fuel and
High-level Radioactive Waste only. Issue 13 should only relate to the "Dual-purpose" usc of
these casks for transportation as well as for storage.

Consistency of QA provisions between parts 71 and 72 should be maintained for dual purpose
casks used for storage and transportation of Spent Nuclear Fuel and High-level radionc.h'e
waste only.

The following notes arc offered for consideration,

The distinction has never been made by the NRC Transportation Branch between the part 71n2
packages used to transport/store for spent fuel. and the Part 71 packages used to transport scaled
and "Special Form" radioactive sources as well as other radioisotopes used by both Medical and
Industrial ~ntitics. and the relative RISKS associated with tran.o;portation of these categories of
packages. The associated non-reactor licensable activities (Parts 20. 2J. 30. 39. 40. 70 and 73 as
referenced in p...rt 71) have vast differences between fuel. scaled sources, radio pharmacy. etc.•
and thc risks relative to shipments by these activities. which arc completely distinct from spent
or irradiated fuel.

We find it interesting that Part 71 and 72 dual cask uses have no cross reference to Part SO rcac­
lor licensees. We suggest that all other licensee t}·pes be specifically exempted from participation

, in Nuclear Power Specific QA activities with this proposed implementation of ST-l. We would
like to a...k the NRC to carefully consider the cross references in Pan 71 for non-reactor activities.

Many holders of part 71 QA programs and cac ttrtificates design. manufacture. maintain and
ship only sealed and "Special Form" sources. radio phannaceutical isotopes. etc. containing
radioactive material. This group is not involved jn and has no interest in either Part 71 irradiated
fuel or Part 72 spent fuel casks or shipments then."Of. or with casks for fissile material.

and b5ue 14. Adoption of ASME Codes.

The NRC's justification for including ASME Code~ ASME inspections and stamps is based
upon problems found during QAlQC inspections performed at manufacturers/users of part 7ln2
spent fuel transportiltion casks. As an extension of a Part SO licensee QA/QC program. the
extension t\SME code for the transport and storage of fuel element casks onl)' is not unreason­
able.

However. we suggest lhat the .Jdoption of ASME Codes for 71nl dual-use spent fuel p.lckages
should not be applied to other packages. based on "Risk analysis" comparing Irradiated Fud
Elements" with radioactive sources doubly encapsulated in 55 with welded closures nnd certific:d
to meet the "Special Form" requirements of lOCFR71.75 and .77 and other types of
Mcdicalt1ndustrial packages.

The rchnivc "Risk Factor" for the contajned material must be reflected in the requiremcnLC\ for
the shipping package. Shipping packages for rndionuclidc c3psuieS arc generally in the form of
an inner shielded containment which contains the capsule. This inner containment contains the
biological shielding. lead or lead equivalent. contnined in an all welded sleel containment with
substantial wall thickness. typically 1/4" minimum. This inner containment in turn is packaged
in an OUler contaimnent (overpack)which provides the impact and thermal shielding.
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Broaching welds on the outer contaimnent (overpack) by the impact (Drop) tests, if the outer
surface is metal. is of consequence only if this would lead to decreased thermal rcsh;tance for the
subsequent thermal test. Broaching welds on the inner containment is unlikely because the
overpack is the impact shield designed to crush sufficiently to reduce deceleration to the inner
containment E,·cn if an inner weld were broached, the lead shielding (worst case) would not be
compromised because the thermal shielding in the overpack combined with the heat capacity of
the inner containment retains the temperature ofthe inner containment to below the melting point
of lend.

In consequence of the above obsen'8tions, it should be concluded that the requirement for the
ASME welding sp«ification should be applied to part 72 packages to be carried over to pan 71
for shipping.

Likewise it should be concluded that the ASME welding specification should NOT be applied to
shipping packages for sealed radioisotopic sources.

The ANSI standards for this t)·PC of inner containment, and the conditions of JOCFR 71. Sub­
parts E. F & H, plus 36 Subpart C are based on established ANSI. ISO and other radiation relat­
ed standards. In our opinion. these IOCFR reference standards for scaled sources and radialion
rdated activities are morc appropriate and effectual for the packaging and shipment of non-fuel
radioactive materials. These activities arc nol associated with nuclear reactor components in an)'
manner and should nOI be subject to the risks of reactor and fuel acth·ilics.

IS5ue 15. Adoption of Chang", Tats and EXMrimtnts Authority

Issues 16 through 18. No comment.

Comm~n\s \\fitten by:

4~~':ShCpherd. PTCSident
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EXlDBIT3

NEW DE'JELOPl"IENTS nf ACCIDENT RESISTANT
SlfrpPING CONTAL'=ERS FOR Rt'\DIOACl'lVE HATER!.ALS

J. A. Sisler

.-

Introduction .•

[
~

~
L
n...

'rh(~ production or radio3cti.\!e iso'topes has great.ly increased
stride $cieoeists have le,:lrned how co conc:"ol the reaction of fission­
able: macerialn in numerous. types of reactors. With the production of
the (various' i.soc:opes came their cornmerc ial utilization. Wben any
pr.':ldl'Ct has a commercial application, it: is introduced L'ltl;) interstate
and ~ncer[]iir:ionB.l commerce and involves one or more modes of transpor­
t3t:ibn. Because radiO<lct:ive materials are hazardous in varying de­
Sre'e~. C.tlCd.C shipment falls within the purview of certain agencies
establi.shed by 1.1W to regulate shipment in interstate or international
traff.ic.

All ASTM standard l-hour fire.

A 2!.-bour subcl'er.sic.m of the container itl wat:c-c to
a: depth of .3 ieet over the uppentlost por.r:ion of thl?
",~cmtainer without: leakage of the content~ or los~:at any shielding •

B.)c:h the severe consequences that coul.d result from an acciden­
t:nl b'lt?oJs~ of the more dangttrous radioactive materials ;md the
pub-He's laar of this silent. unseen h.'1::ard promptedreguLH:ory
~gf~nc ics ~n~ch as the Iuti!rstate Commerce Commiss ion (ICC). the Air
Transpo:'l::. Association (ATA). and the Bureau of Explosi'.res (B of E) co
meet: wLth their counterparts in other nations to cons ider: pl-oposed
reg'ul Lltivrta to control the shipment of radio.1ctive mat.eriahi. These
proposed ragulntions impose more severe container requirem~:nts upon
th~ us,'r ,md shipPt1r of radioactive materials. These propilsals. es­
tabLishitlgcriteria for radioactive-material containers for national
and: internat lanaI tr.affic J require th.:ll: a container survive a series
of cl:mdit.iOl:\s which might occur dur.ing an a.-:cident. The cr.mclitions
for contilint~rs of ct~rtai1\ c:lass~s of r.adio.1ctivc m3teri..:Lls are simu­
latf~d in tht~ following sequence:

A 3D-foot free fall to an unyie Iding surface .

A f~O-illCh drop onto a 6-inch-diameter by 8-incb- I.ong
c;;Irbon-s'teel spike. The contai.ner sball be. p()!ii.
t'ion~~d to cause the maximum dnrnag.~ in both drctps.

I..
:? •

,
3.

!. ,

•

I.e

.• Since the I-hour fire i~; considered the most sevc;:-e ob~tacl~ to •
OV(!l;'C'OlllC In the above test. 3equenc(~. the Atomic Energy Cmll:rlission
(AEC) l.·equl?S[;r:!d Sandia Cor.-poration. with their extellSive environmen-
tal ~(!::Jting faciLities and the knowledge gained in. performing nlllDet"OUS

, 1/...1
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opcm-1H it: ::':::'(;0 i tc!'1 cs and radi;,\nt h~at tests J he Ip in devf:lopi:lg con­
ta t.ne:::-:;1 t::·r- shippingradi'J8.e tive material s .r.hat wou!..(~ w1I.:hs t.~~, d t~e
above ~sC ".::lltlJenCe nnd to .a:;$ is t in the sllosequellt tort:luL'J t 1.01:\ () t
appl..·vP9i~:E· l·,:tgulacions.

Program F"easio:f.lity

At Uti;> ~"'Lcset of tlH.~ cont"l.i.ne·r- devc!opt:lent wot."lr., it waE dec ided
that:. a:i.istinp;: ,::olltainers must be retained because t:-te nati:mal .in­
vl~·o::.or.i >.n: :::adicactive-rll."ite:-ial shipping conLeiners i.s so .~'C',;:at th;:lt
it wcul~ be w~st~£cl to dispose of this inventory. (~nse~centlYJ it
W"s de~i.dcd to !.icvelop a;l outer shel1. wt~ich ~.;ould tm.:tblc e):L.ting c:::m­
r..aj.ner:~ co m~et. the te:::;t criteria and, simultnneously, t,., c::;tablish
.1 COl1C~pt l.JIhli::h woulc. permit si::lplcr future containct· del:ligns •

. Sim:t:! p!:climinary (;1·.raluation of the test paramer:ers inC-tented
th':lt tile fire, ~!n'.iironment presented the greatest design cii:: ficulties.
ma:dm"Q~ ~ffo:r.t· thi.S concent;~ated upon controlling thl~ fir>? emrironment
b:, :nea4.s ~)r ir.sulating and ablative mater-ials. or .1 camhi.n.at: i:.C:'Jl of
the cwQ. ti')\~~·/~r. insulati.ng tnati~rials we-:-e discard~d em:-ly in the
pr.og,ral~ beCaU6<2 of either the difficulties of cont.:!iner fabric::l.tion
or fuil\lt:·~ t.:Ji mEHlt the drca-test: cri·teria. It should be noted. how­
(lvt>r. thac i1 :St~€l encased: gY'psurn-cement i.nsulated concaine~ success­
fully ~a~5~~ ~he fire test.

i~ ,~ol... s:i.de::ing t:,e us.~ of ahlac::ivc macerials. 3cverCl 1 ft1C:tors
l~ad tcbc' r.v>;J;.I.uat~(.I: mat:cri,:ll. cost J avail.ability, structl,Ll·al integ­
rity. and e~se of fabricacion. These factors unerringly p6intcd to
wood 1'.1$ t.h.~ lOC'St sui.cahle m,:Jterial.ThE~mechanics of wc.od c,:.mbust:ion
t:hrough d~:stru(;tive di~ti.llat:ion. the ionnation of 11 Imo/-density char
with good ln~t:.lat:i.on properties, and the re<1Sonably good i!'lsL~l,ttion
ch.U.:1CtllC"[:;l.i.i:S l;.!: the wood ltself indicac::cd th.:lt a full-sc':<:'l: test
and c~lvcl()pm,,"!t:r.; program should be! iuitinced us Lng this mc.lt.l::C' :';'tl.

Test Progr~m

Drop Tests

Tu n~~d the drop-test criterion of a 3D-feot free fall to an
l\lly.~~!~.~i.n:~ S1.~J:· face. Sandia'~; iSS-foe t drop- tower camp l.E~X t capable of
I\Cl[\l.:ll!:lg ·'::()fI~':4inct"s up t() 16.000 pounds. was utilized. l'h~: ':~()L'tainer~
w.::!-:-(~ .dropp.~,d 1:rom 30 feet onco a reinforced concrete pau I;oIlt!\ the
deop <l~"g I.e ::: qntrnl Ldl. Although anI y one JO-foot d::-op i!:: 'n!quired,
the s1ll.nlL to :ru.;,:dit.lr.:-:;ize (~ol1t:aint.:!t"s lL~ually were dt:OPPf~d th['!;.'.~ t:im~sJ
()nc(~ ~.jl.~h '~1r: i'la ,.:dgc • .:l sidt~ • .J1l~1 the bott:o~:l_ The smalll:r containoii!r.'s
wen~ -5'::> sJ. LgHr: 11' cfOlmagcd by only ora.' drop thllt th(~ data obt.::d.lwd
!!!ight: ho!'ll:' n::;;~lt:cd frol:: minor vUt"i;.ltions in c'>n$trLB.~ti.(m r.H:h,,:r th<lll
t:;(~~ dJlr:::IS1~., i This drop resist:~lnce t-esul ts frOIn cht.:! chi.ck wal.l r;e­
qun-,.:d f:ur.. tl~~~ rt:sis tance.. La.rge. C~t\t;liners were gl;!n(~r:.ll.Ly dr()pp(~d
olllY,lHV~"~ \0 ~t:\e 11l<;'::;: d':J1Qal~·~ng posltl.On. Ucwevcr, as a In·oc,f. test,
Oil;.: ~Hn'J-p0l;l(Jd contal.ner W.1S dropped tbt"l:!e t i"m~~s --on;:e at: ':f'J ,h~l~rees J

onc(: 1:>11 .1 s1..de, and once on an end. "

1.42
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~ BC::~H;~O(;: t:he c:"O?-!:c;:,t criccr-Lon ,>f .:l l~O-in<':;'1 fuLl 1.lr:t·,;) a 6-inch­
di~;~l2r s~~k~ is a recent ad~itiQn to the regulation. ~~St5 aga~c~t
t:I.i.:,- ~;:;·qlJi i:-e:IK:~ll: have :\0'; 1;''::1;.'1) :>ertor:m:d to dat~. Hm·J'H!,~r, l1I.::ctilig
eh ls (r~q'-l:Lr~':ni::-t1t i:. not con!;[Jt~i:ed to I.H! a pL"ohlt:lIl.

r":i.re h'cs t:;

j 1' .... ~:K.tr. ebc t~st rt~ql:irC'mEn:: of an AS1N ~U:llHiat"d l-I~(;IJ:: .L:i::e,
all. opo:.:n-p:it:; pt:: l:. LuI t:: l.:lll fil"'.~ ~ir;h Jll-4 jt":·t fu~~ 1 (I;'igun:~) ·....a$.lscd.
31tbciu·.~h i.e; IlllJS t bt~ reCl)gtlh~E:d tha t chis is a tnor~ e~:t::::!n:~ t,::s t :han
requ.ir~c1 b::; t;ht:: A$1:>1 ,;tandarcl curve. Ie has been found that a. mi.ni.~um
fue L;are.. (;Ii: 41}O squttr,,'! fect a:ld a !Il.<l.'~irnum of 2000 sqt.:.,1t-l! f'E,'';'!: 1 was
optiti!.U::J f,~::~j rrt<'l:·:i::n.:m h~."'-t input to the container. The ...:"nt.~:'.i:!l:" a:"t"ay
t ..~.. :4dju:Jol:t:~ ~c that <1 n",inimum of 2 to 3 feet of fl,lOlC tIlLI\~ld cO':jpletcly
sur%ciund ea~h cuncainer. This is cquivalenc to ~n infin~~e w~ll of
fla=:~~ mid mftx·:'m:lzc~ hea t i.npl.:.t 1:0 tht! object: tinder t(!<;:.. '.';€ b.w(~

fO'J:l'~ th;lt in 0. fire 0':: this size, radiation is the c:u::linaf'.t he3t­
tra~.fcr mo~e. Thus, f0r ccmpute~ studies, an 1850~F ~lack-ho~y tem­
?i;>!:a~llrc c;ah b<:' used as th«3 input figuT"t:' and wi.ll giv~ c Lo::;(;: cut"rela­
ticnifot a Mudeling S:Udy.2

; i

20 x 20-foot fire test pit and contain~rs
i.1l!fficd"iat,~1.y following Fin~ 'fest: l (063- L3152)

'rtu; ~at:et"';'::Iub-;n~'L-sLDn. CL" i toaciol' ho:1" ,.r"ith tile
c. ..!::1t, l~,,~t:'n.: Ll1:ge.l '! igllort:d, ba:ii<:<'lli; j b~cau~; ..~ til~

.Ct:pt: 01: thi~ shippi.ng ,:::ont.:t.iner \...<1S em outer :3hell

~xc~~ri~n of O~~

Jc~~ior~ent cun­
PJ:"·)I~iJ(:C L,:::; an tnllt!t"
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........ contai~dr fr~m!~s$entially all effecc5 of shock an~ ~lre. If thi8
hi donti:~ ;j wat~'1:"-tighc si;:al {m tIl.... inner <"()nt:~iit1~r is .a s.f.MP~lc 11':lttt:!r

tc Ill.:Lit11:l in 1 :

Dc:s i..gns Ttl's ccc.l
,
;j

AJ",u1bln-: of (i4.~signs hav~~ been E!:<:3L"lin.~,j and found Lackin5, be­
cause ~f high. l:c·st, J.l.mit(~<i iJp?lication, or other ~eC1sons. A f~'...
des:.gnls~that Wp1.·c sl!bjecced c'.) t:~'st were as £0110\"5;

~., ~:'.!, J t:._~ell. c ~~n c.'lin~~:' ~"ic h .a s pee loal gypSUl1l in :;Ul~lt :'l~:l .
th':.~:;: naterial is a veLY good insuiacor, but W,lS

...... , l!iftii(;ult to tabdcac.c because. of drying. ?robloi:~ns.

SC:H~ container with. a zonol'ite c~ncrett." insuL:lt.ion.
Thi..:i: material wn~ aLso di.ffic\ll c: to fclbricatE: ac,d
f~li!.;;;:d the li1:'~~ test because of sht'inking ane. cra~~k:Ln6'

,

W'OOdtoll container's in ct.:.bical shapes. T~ese ccn­
tai~~~s were c.iffic~lt co build strong enough to
s'..lr~i"c bl)th the dr·:>p and 'fire Cests.

~\.: hol~o~,j c'·rlindric.:l1 wooden sl~ell '..'as finall\' sel~ct:e(; for en­
casin~";: jm U:C iT'Ip~~ 5S 0"(' siClUar shielded container-. thu:,: prctecting
this littwr .;;or~t:;i:H:l" ft'Ol:l t:h'l' effects of shock nod iire (r-"igUt"tHl :::
and :3)'." The ~'lv.!!.l ~"a:~ consLnlcC:l~d fr<'"'l!l Lings ·;)f 3i!~ incb pl.y,:"ood
which :"C1.·~: l:~ll!tld l.:ogcthel- with il 3crong shock-res Lst.:tnt adh~s "Lv,:,: and
rein[~"L'~cd Ni.'jll ct!mc:nr.-c<>.:Jtl~d 0"i1s. A full-lel~g:h ;"olt :~tng \"las a130
USt!C \::0 aJd dgidity and to hold the lid (Figu::"e ~). Bodl the bolts
.:lnd tlit!'i na :'15 ::~c["ve to pt'evl~nt comple-t.! failure o~ t!\C C,,~Ilt:!iilll:!L if
it 1.$ ~~r-:Jd<,::(: tit~ chi:: drop C(:st. For cc)otaincrs o~ :H~vet:"~l (('111$) some
cr.acktor.; i:; aqc.~pt:o:lbl.~~ dut:'in~\. the drop test so long il:.l nc seri.ous
S~prl!,·~,ti~)1t of :t:I.lC wood p~i;.?s t ..:l~e:i place. ~--~~J)' th~ckn$§':!.....9£_,.~..J:nchE~s

\).: .~~C) •.:.tE~:~..Y.;;.b.r.£... m'!.t;~;:.~~~ l-.!:~, ...!,.t:E.~.~~ l1;'Y.~ ..H,1 :,,!~a-r:-1~0l.1 r t ~re ,
a nl1..!?~1i. A.....).::-¥lch...\iil.1L wi.L!..... sc.r.v-"1.\o·c_a....l-'" bo.... (1 J"l" -:...t:...-.a._p.I':~C!~'='-~~
sh.aet:~st,:!I:,l oUI:(~t· Cl")ver ing (Fisure :i) is U5~~ and in.ternal ti.>r;~p~ratt.:=es
of lip :tb ';.0·]'\ ~ C{1.\1 be to l,:rac::ec for \:he lase 15 or 20 rcinute5 of th(~
fire. ,;If. the >;~ontcnt!; of the inner container are not CO l~,~::"t!d 200~
to 221l'F (i.e~, when shIpping liquids), .3 minimum of 6 inches l1f \·100C

insul~t~on is!required.

:1't.v.::t"e atl! tLm..ts ~"h£.',11 requiT.'emeots ()the:.· th.:m the f.i.1.""·~ t..e;:;t aE­
tect e-t.';i!ltl.lLr':~ ;;,f ::t:t~l..l construction. Heavy or verv de:\SI~ ct:mcain(n's
n"q'-l i.re!; .:l c;li~lw~· \".:\1!. to :;t1Lviv~ a 3D-foot drop :::~st.. J'ht! l.,lrge
c:ont.'Ji;l~""· i.nr.th';"$l~ d ..~v~~lopmiJnc L~:>U) had 2 by 2 "inch rin,~,s .:se.J,::&:!
(E·if:;'.1~ej~ .:. .alll~ 6) _ These r Lng:,; have two purpose:;: to fac i lit.:H:e
h~ndl~~~; ~~dicO absorb a significant purtion of the energy DE the
drop, :T:,huz lit:'f~'1'_~nti!lg th~ c'Jntainer wall from splitting (Fiel.ir,,~ 7).
All ll:lllq;t:c.:mc· ,~t)!1;J i.derat.ion in conscructing a 11 w(lodc!O-sh.:;,ll ~~0nC:~1·::'nc~·s

...---) i~. to 1~~iut'c:Jl:.::lr. che lid j(}i.nts of ~he i.nner cont.ainer and C::,o;? ()ut ..~l"
.' "ntoll ;.l,'t.,! l::d.!:~t;t. A[lothc~r -::onStrllctl.on feature WOI.-th c~.,n::;idc'l:'.:lcion

i:.; th.~ ~~l'::ii[i9~~ of .1 lLr.h.t shl::!et.-!lI~l:at slldl (16 to 20 gjJ,g~). Thi~
l;~'l)l;' ...:-f: :;.~t:U ".not only (.'l;ft'I~S .p!:otec~i.on aga~nsl: t:"0\ttinc :;ni.[..ping
Ja:n~I:~'J,: :....'.t. also protect!; a;;,nn~t ..1 r.irc E!n·.!l.rCnlll~:lC bv PC(:vVll:Ln >.t
l:~u.: <.:hjr·c·:d '",*rJd f=~il!1 ~:d\Jul;hing off (Fl~urc ;:3). H,-.\,-t,;:V:'L·. '.• !ll;':l .·I :ir:l:t:!.L
~nL:;:tl .i:':; ·.!;1L'l!.~ r.:hQ :;ih~ll IIIWjt bc' \!C:rll:eJ tll pl"l:'V(~IIt: :1t·1:!~:;I.l~'.' 1:... Ii.lc:t.~:"l
ny c.lll~;..d.'1~: ~'fUtl:"I.l: ..~r::idll ~')~l~;t!:; tl.:l ~:~capt~. .
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Cons~ruction of the l~ooo~ib containel" using an
ICC~55 5hidded inner container (D64-7921)

Figure 5. Sl!1.'lll 3-inch W~Il! cont.:ll.u('r
wi.th st~;d, shell (n63~13101)
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1: i.;~r.lr e 8 • Srnall 3-inch wall container protected

by steel shell showing char layer
still intact after Fire Test l--t;lis
container is constructed exactly as
shot-v-n tn Hgure 2 (063-131. l .0)

T~:Jt Results

I ~",

D't"op Tetlts

A num~er elf' containers were built with v<lrious wall thicknesses
and inner d~~eters. After consultation with several wood research
labor.ltoziep I ft)ur types of rtUlteriuls wcr~ tried: Dou~las-flr plywood
and solid wpod. and redwood plywood and solid wood. TflC Do~&las-fir
plywt)~')d proved to be the most satisfactory material. The 50lid woods
hav~'too gr~a~ a tendency to split or crack.

=. ~

. ] -rho: r~d·.Nood plyoNooci seemS to exhibit this t~ndency to spIlt or
crad~ tC) ;;L trl~ater degree than the fir p l~...ood. for larger high­
den~:Lcy Cllotainer designs. I-·or containers of 200 pounds gross weight
or stilal1c-r.,iit is felt: thar. redwood plywood would be satisfactory.
In ~ddic:ionI there are oOviou~.ly many other types of plywt:lod. and
pedl3ps somi pressed-wood-fiber board, chat would be equal!.-, as effec­
tive:! 'aH 001.: .1a!1·fi.r plywood for: UHe in a woeden-shell desi£,tl. It was
nnt ·U1Cend('~ to e,,-illuate all posslble m"ltcrials, but onl, to find one
o~ two good ~ ones' chat were'! cheap and r~!adily avni1<Jble.

, ..

...

"



• Jul-22-02 10:12A JL Shepherd & Associates 1 SIS 361 S09S P.lO
I
I

Tbe :largi::st cont:ai.nt~r: built :i.n this s~!r:.e$ con.:;iSl:.s ot: .i 3275­
pl.lU:ld H;C~5') :;teel-l~;t1d-stt!Ql cylinci~r ~::caseJ ill 3 6-inch-thick
1l1:"....·'.md 3!i<::~1l. (Fi.gure i.) ·..,ic:h 2 by 2-i.nc:1 cushioning riT.lg~; cHldecl.
Thl::i gr..:l5S ~"l::"i~~h::: of this cOClt:ai.ner is 4000 pounds.

F:.v~ ,:;or I:l.Or·2 cushioaing rings ar~ sugge~ tti:cJ to:!' cont:ainers
tJei~hiag ~.,::t" 1000 pQ\Uld9. one cushioning ring laye:: at t~llch end and
thrc"" mon~ e\H!nly spaced betwti:en. ThIs \oiould mak~ the ~nc caps 8
Lnc~lE~s ~.I1$!tl~"ld of (, inch~~s thick. As a r~sult of thi s acdod thi.ck­
r:t!:i3' 7 no ;-..:t:::rn Ls done i.f. one 0 f tt\e end rings sheat's 0 ft' 1~:lt:i.re1y
d ur~.lt.~~ ,:1 -:it' l)ptest.

'.

l ;\ ~\l4J~h~r ~~t di.lft>l'.:nt: adh€~~:lv(";s ~e;e \=onsidcC"~~(; o~~ l.ri.,~d.
R~~i 61''':. LI'IO r;.. ,:,')nl1'lldc:lyde. phe n:,1 ~ lut"Tt:a.lJe'nyd(·. <2:1([ yr.,1 :~'", t:l:, l ;Jcvt: at:~.:
:.lcd~Dl.t~ ·",4d.5l0!l (,';:lit:~ t.l.ll(~) appe::u:" tll :)e some! ot ~:1(' ,.)ctt,:'C" on,:,s,
E:ir.;~~: .;)r1l:~ hj;:l:; i.ts 1 ir:li C:.It ion:; , hO~"'\iCl·. R~s~rcinlJl-t~L"n.:lli;k'I:)'d~::.s I
n 'l."'it'GllI-,·.:::dp,~C"acl1·t:'t:' C'.I["Lll.ir" 1;;:·~t'H·1.01~ gr.ade gltlo:> th:l(: l"W In,): S:H~at" i
:;l:;r~ll,;;;tlt ,~)d St~Ol1~_: bonding dlar~C.'tel:.·isl:ic:l, but it: nust b: :::ur.-::c.l .i
l.lndi~·;: jJr:::':~·II.n-~ (lSO<~O{.l ps i) to ~or:n, a 30~"d b~rHl. Phcnyl- ::m.LI:Clldc-h/tJ~:

i::;' ;an '~~:cdUent ~~xtet:io~: grade uuhesJ.vc, '~ut It mu::;c be c.:t:t'(:(;. under I
h('~t (200"i-250" F) <ll1d i$ dLfficult to l:.~e i.n hOIHLing 'J'(H'y thi:;:k laycr~

- ' , '1 l' (h' t "E'L Gl IIDI:: ii.m.:H.1. :Pl'~l '.'V1J1\t -ace(at~ clqueo'••s emu s l.on 10l 1 Co • TR.~l"~: • W:: j
t'h~) is tl,,: t!.:lsi;;'~c to USt~, but it: shl.:.uld hI:: reinforccd~~it;h c~~ment-I
coht:c.d r:~~l.s. It: has '.TC'::y high shea:.- str~n~th undt~r c.Y:1o:t,ni..:.~ testir:.g i
c:oh(litioll;: but it i!:; t~rpcracure aud hUJlidity St~:lS.i.r.:l."'C teo ':;'OlUC c;<.tcn~
.1ndj l.·ilL '\",c·ld flow" it subj('cted to tL"'T'f.!i?r;;ttures c.'i 12!)"i~ m: highei:.!
':h'e~f.:' -.:b3~;:tr::tarist'ics ...lid not. appe,'ir t., be a proble:n fIn' ~h.~ Sandia !
...ob~- i:l~;U.!.,~lc.i';:Jn diEl.i :Lgns bE!c:a~l:W of the 1."':: infor.ceu1ent pr-·:)v Ld.~d b:: the !
cei:n~r~t:-(:l:.*,~rj nai~s. t~H~ fuU ~e·ngt~ bol~ r~llg •. andtb~ rigioity.uf 1
the;~rl:\oi~r ~::ll:cal p~.g. rh.l.s cl,)m:>inat~on 01: acheSl.ve a:'lU constructln? I
sU~~P·V~~';l t~hc t.cs t1.ng pt"ogt'at:t e.ltt.remely well unde!':' the modct:~tely 'Jar:1l1
sn'd:.: dr:t de;::;~~~t <:ondit.~ons.:n:~~~alenl: in the Albuquerque ar.~a~ bul:. it .
wouJd n~~c::' :: l,;lse exa:nlncLtUlt\ ror use it~ very l.arge a:lC mass UTe shell.sl
b~lhg r1()s~;J:r~cd fer use ill the tropics. The ido:al construction tech- i
ni'tl~t:::i ,.;o~ld utiliz':1 a rC$orcinol-formaldehyde adhe.si'lE! hondec under!
pr~~Stl~i~. ~r\('" reinforced t,'ith c.',..-:nent-coar:<'!d nails _ T!lf~ USt) of a full :,
lC'lljgth ';lOljC :::i:lg to kt!ep the lie in rl.:l.::e is always c:ssur:I~..d in this
pa·p:i;r.. :rlii~; bolt rir:g cOllt:ribut.es to the stifiness of th,:;: ~hell and I
he1f~ t ·.Jit~h the nails, to prevent a c3tastl"ophic fa! h:Z'e:. it some dt~- i

1.:L'lIJllC1C::'O/i of the plywood takes pl~lcc as a rest:lt of an l.Ulpclct. I
,

I

I

I
i
I
I
o

i
.' Ten i:30~foot drop tests have been made to date of th,~4000-poun<.ti

':('lntai.n,!·r.! Ei::;ht units have been dropped; one was dr;:lp!!ed t:hree i
ti.lnh'i (vn~ 1::11.<.\, lJtl the sidE!, and at: 45 degrees on oppo~ntl? .~nd), j

ac.~!~Ullt::La~ for the e:·:tra two drops, All .contai.ner's sUJ:"J'i~,t"ci in sl:.it-l
.lhl!!:' (~ordi.;t.::ion to with!:l tand a l-hour petroleum fire -..;itho'.lt ·t·epait:'. i
Thc:,.t'i'r~a: jc::L!SC UItit:. utilizing resorci.l101~for.ru<lldehydcgl'..lt:.• exp.~rl- I
enFi~d ~i()l1\l"'l :?,1.u~-jOi:lt f.:'lil~n:e, but this condition was c(H:r~':t... d in I
SUD;;i(!qUL"::: .h'ops, O:'lt~ f:\JOO-polJnd container waf; drop tcst,;;,o;i tl')lloto/ing!
~,Itr-hour.· ~~H:n')ll:~1,l.lI: ::ire:'lnd sU~ived ,.. ichout d<ltn..lgC to r.::-w inner pi.~;.l
Lnri;!lJ drop; tc:sts WCl:C Gt r(!s()rcl.1\ol-.cortr.aldeh~rde-hon<lp.J.(t,co nall:.; I
US()~'t ':!-'<~:"~r>;t in I:~nd r:.r.gs), fir-plywO(HI-shell d..::signs. (JLk of the
.(:~~l!; .~r~~~i !lU1CI:' duri.ng. C:~ll,:. ~nt:~l.·l~at:lm\;ll S~lposiul1l. Al~t~cugh there. ,

• w~:'~.: S:.~f.,~:::;~~ .~<)~t: dcl:~.:~~:.lt.l.~n., e:l~t:~r. in tillS construc/;1..:·n ~~an in I
r:.,L,n•• .l.l .-t;.•:[:_.iHC:C<l d~.J •. /;)n~ I.h".rt: w.:ls [Il) do.lmilgt~ that ·.~'oul,.l il..ttect tIll! I
:;~:b~(·,:;~:r::l,,;q·;.l. r~ reSpOIl!H? .:H: the contai.ner. It. should tIL:: u'.,,'nt iOIlI.!d ;.Itl:
th i.!; • 1; ii-f'C : th.] t an Y Wl:od- LnS:.lL;t tion dlC's ign t ha t I.J ti.l:i. :;::C;!~; .Ill c:-~t l~r i.ol" .
llIC-I;"!'L. shc~.~.:l ::;llol.llLl not requi::e thl'! Ul::l' ot n~Lnforcing nai.J.~ in tht~ i
," ·..·n·' t '''11-' "1:'\" . I-,.,~ .•. (.•. ~... . I

,
I
i

VI') i
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A td"oulati:m of the drops will be found in Appendix A.
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" The :::-esulcs of the first fire test: (see Append:b: B}IlIti!'re most I
=~vP·t'abl-::! LI::..'1: t;lC wocden containers. BefoL'E! t:he fin! tes t, both the I
3-:fnch atl~ 6-:i.11Ch wall models survived thrE~e crop l:es ts each> while
Esllf.<lSC;l;:d ~.,ith a 61-pour:.c steeL. billet sUnultu:ing an 'inne-r container.:
Tl1;t!~ conta.:~i'l-ers tv'ere thc:l subjected to the i-hour petr.-oleuo. fire at ~
18jP(J]~0' ~lthough there wer,,: difficulties with the ther:uccouple leads
otht-r b~ld'iu'? data indicate t:tilC r:.he intecior te:nperature in the 6-inc
WilJ.~ 1:::)[lt..~il1.l::r cmtld not hllVf~ e~-:ceeded 300"F and probabl}- ':lias under I
15Pf:F' (Figure 9). The 3-irlCh "lall, steel jacketed. contail\er had ~
1 .i~d.1 of i~oOU ~.cod !tl:t_surrOlmding th~ inner billet anc ·temperature
wcr:~ l.U cf1:,j! 400 to .:>OO

O

~. r.1.uge. accordl.ng to the best es cir.tates base
Oel ~t:her U~:H:' results. I

. I

I
I

I

i,

I
I
I
I
I
I,

'..

: I,

F:L>,;u~c '.J 0 6-inc~ wall. yougl"!s-fi:- plywood l.mprC)te(,~ttr.d
r:~nt.:l1.nt!r al:ter F't r.e Tet;t: 1 ~;hoc.:ing a:ll0 IjI11:
or undal':.aged wooel (D63-131.H)

; ~

'; A nthb~'!'r of sr:aller containers> ranging in s:~ze f=c:n 25 to 200
p~~'lds.!. ""J~r,:: drop pcd irc.:: 30, .€eec ~nd 'Were not .n,Jt :c£-ab ly d.:!maged.
Ho:~:;t eli'; ches e wc:.:e dropped tnree tUtes (one cne, sl.de, and at 45
c.c:b;b~L~S) ih an. attcl'::.pt' to detect: difrerclnccs in resp<mse. Even with
th~~c~ dn'p'3, damage t.1,) this size range of container ~.oas only 5UpeL'­
ti¢fa·1 .

: ,~

: .
i .4
;i
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F;:,:lim.i.nl: :.he first fire test nne. i.~H~ (:K~~('lt011t lH~t"hn~:r.al1.ce of
(0/1..' C) t\1, an i~l\/C'sci;;aciun ~~a5 bf~gun i;t1.to th~ thermal "illst.1l;Jr:i.m~ :n:'~p~"('­
t:i~i~ ~)f !'l1:.?,rl;["i1.1 tVJ.1es t.hat. ;./.:::t"(.' ot most lntli!r(~st cue t(~ c::::::::: "me
..)r,hj!~1' CCHl::1l[tto'l-'LCions. T:k .:;~llldia Cor;>oratiot1 R.:lcli~Ult He.:ll'.; ;'"ac ilitl'
'_"':i~hlt:t.li.*.d co ~::upply :.tEifl:t..llati:~d fir-e envi.r'OL:.lll:mt tlli,tt: ~·',:H.:ld be
c·.2hkullv (:oatrollE.'d o\,(!r small area~:. Four S :{ S :.; 6·inl~:1 thick
l)ll:)~ks ~';'.er....,: r;l'i.o;;(~ up :;.ri.:.:h smaE t~t~rrnc(:oupi.t~S il:lbedded ilt: l/2-inch
int¢rvals ~lll tIlt: \·:av tllt·,)t;gh the 6-inch thickr.ess (Fig,',Jl·"" 1.0) ~ i\
quhrt:;.; l.:.u;~, !'a.diant. ~lCi:LC ;:Hln(;'1. ..a:; p rogl'am.1led to pre\'" ~ c:c; il:-l 1-9:'0,) F
bUi.,e;':-brdv: :C;HU':1l1t hN~t source (cJ hea,t rc1te of 11 BTU!' ft:~ -~;c::: wag
<'ictb,L L~.. af.!';~$u:::"~!d) for 1 hauL- for. eac:l oi: th€.' four bl.Ol~:",S. Sc1mple
b!~iks ta~6ed wer~:

l. :rl'cuglas-fir ply·....ood eXCi:t"icn- grade, 3/t. iJt(,,~h thick,
:.1.al':L.LI.lat:E:u int,G .:l. sir.gle 6-inch tl1i.ck block.

2. :[):~a:;13$-.fir ll.l.n:oer, nominal 1 inches thick, ldmi­
hated int,~ a singla 6-inch chick block.

L iRcctwood ply\\'ood, e!{tt!:ior grade, 3/4 i::lch thick,
l.lrn.i.n.,uted int.o il sir.gle 6-inch thi,ck bl.ock •

.:.. :r{..~dwood lumbt:!r, 1l()1:Ii.llal 2 iaches thLck, laoinCltcd
into a single 6-incl'; thi.ck ':Jl·;:Ick,.

Th'e] pl~",!~.,dd blocks tolere! tes tt!t.l so that the heat source .."as t;lCposed to I
thl::! QlaxL:n\~11 end grain. In ttw sol id-:.,rout.l blocks end 7;l"ai.£' ~"as 90 .
de~;;'i:E,>es t~ th.:! heat s ..'urcc. Fot" the actual C~L-'/es obt.:dnt:'11 froo this I
::esl: s""ri!.i5 s.:e "\PiHWdix C. As can be dCCE:C:td.llcd from tbe curves tht~!
::;ol~c-',o/O(>~ blocks per::ornll~d I:t~st ~i::h plywood bl...lcks clos,:: l~ehind. I
Th~!I r.t::dl.wqd plYWO<'ld m<ld~ the poorest S~iowing.. Fi,glrn~ Ll sh(Ywing .the I
blD~ks af~er the tests ~eve31 two thi~gs; namely, th. e~arratc in ,
tht~ r.a.dl..:tttc heat test tJF.lS t~.;ice toihat i: was in an .Elctw:ll .rb~e (it !
j\,:1:lped fr,*, 2 inches in a fire to 4 inch!.!s in ..he rad l.4lt1t :l(:SC test).!
and; there ~as a definite tendency for the heat to tr~vel dawn the
gl~lfe joj,n~~I" The adhesive us(:d in laminacing t::te blocks ';.ras pol\"viny _
aCI~tut;e a'tb~ous -emulsion (white f~luc) flJot"icaccd undt>r "bm.: shop" con+
tii-cions. The resorcinol-fomaldchyde used ill cht'" fabcicaci.on of the I
pli"1'ood d'i~f not exhibit sue!l tendencLcs. It is rathe-r ul1'.lslial that
exi:¢ss i.1,'t? h~~.ac tl-avel, down the glue joints, had not been detected in
c,cr.~lal fir:.e tt'sts. It is believed both of the above sncrn.!l.lies can be:!
E~~p~aiIH':'d ~)y the $~rC?ng ~ir, blast. appl i~d to the face of each block i
dl.:q.ng the; l:t.'st. flas alr oL.st loS necessary to cool the radiant I
Pil11~ 1 '1 !,;.in·b: lamps and cause::; no problem l)ll <lonflamm.Dle materials. .
AI1;~.f l)'t"t: :i.~i :"lOW I.mcl~t"Wa·"" to construct an analvd,cal tnodel or the [
h(~~i~ 1.::,.. t.I~(,.::'I'Jgh, a WI)\>.] , bl.o<~k ft"om a:l UiSO<'l" r.,lack-ih)(iy ::a'diant I
~n~r,c • I

..

l ,· I
..1 ~
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Test setup; radiant heat tesc of
ft)U r wood pnne Is (o6& -2524)
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Figure it.

Appearance of four wood
a ft.~r t'ad1ant h.!!.nt test
!ating Q 1 bour fire
(064-2519 )
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! , F~;re 'fE:Bts 3 J 4, ar~d 5 (see Appendix B) conf1cm.ed conclusion
\¥·a....., e~rlie~ regarding the superior perfor:nance of fir. plywood 1&
'nat.<!c1 .!:lliHls in protecting .1[1 inner ICC-55 or similar container fr
:ti"l<:l rigq1':s ofa severe accident.

....r

....
~: r

- :"',. ". ~... ~ -.

..J. .•
• . ·,·L

. . The aecond open-pLe f.ire test was similar to the E.lrst cest:.
~ ~;,Ci:~iJC;oll 30 x. 3D-foot pit was used instead of a 20 x :Ul ... foot .pit
; ~(l~igurq 12). Eleven instrut;tenced .containers ~.:e:'e CfJsted. (see <~ppc \­
~ Uix 3) ;f~)r 1 hOtLl,"; 9880 ga!.lens ot JP-4 fuel ~...ere u:H~d, produc:.ng
i the ho~t:est .fire in the test series. Some;:>f the hi.~~h-I::emperacure
: t'ibe\-gJl4ss insulation on the cherr.locou?les disintc~grated causing
: $nl."Jt't.s.~ C:.rbon imp['egnatLcn 'ofthe thermocouple imwlaeion also
: i::aus~:d :S-horcs. With part lal fai.lt:re of the thermoco'l.tpldS (which
; h:ld lteein succe.ssful.ly used tn dozens of oth~!r Sandia .Hr.~ tests) i
~ t...,o :::i.* test:.:;, it was decic.ed to change to staihles.:;-steel sheath
; th~O!I()c~uples .in futuro:: t~sts for contain.er im~trumc~tation.· SeVE:!
~ ~f the ~leven test ohject~~ in 'Fire Test 2 sur'rived. II;. had been
~ antic ipiH:cd that two of the containers '"ould fctil, S:!.:l::C wall thic ­
: Q.~S:i 1,Ja~ very tr.inimul. ':'he other two failures were th,~ solid retiw
:c;onca :.ne:1.'s 'Which appa:::-ently split and burned quite rapidly. The

.." :~L)lid Douglas fir u1.30 split .1nd cracked, but still survived (Figu. e
,~:3).
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'l\~sc ::tIT.tv in 30 x 30-foot pit:
flU" ::ire T.>sr; ::: (D64-1.0016)
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Soli.d Do\,:glas fir.. 4-inch thick "JU II cyli "laet'"
showing splitting found to bE: charact.~r.is t Lc
of sol.id wood c()ntai.lt"!:~s (064-2616)

Cone h:s ions

. ; The plj:.-p()Se of this study and tes t: e.Efort:. was to de...~'l,;);) a con­
taine-t I for :shipping radioactiv(~ matt~rial.s, cap.'lble of with~t.1nding
th.' fi::-E' anq drop tcs t outlined in the proposed regulations.

:A blm~n.:i.ted plywood shell with a 4-inch minuQUltl wall tbickness
will prcrvid~ the necessary protect-ion for an approved ICC inner con­
ta i;'li~:- clgai:)$t t:te ·I-hour f ire t~nvironment. However. thi.c k... ,~ wood
3 h.: il!~ 1M)' ~~.~ required [01- shipment of low-boi ling-poin t liquids"
Tlu: ""~ight anr': strucr.ural. teatures of rhl;- inner cont.:1im'u" m.=y requi.r~
a thi,ctker •...~ocl shell to sur,d.'h' the drop-test requirements .lnd to
ensure ~h~t ~ inches of wood surround the container after tho drop
t:C'sts~ HClw,~V'er, in providi.ng .!l protective :~no:!ll for 111.158illl:: contain.:rs
~hilt· (loota In; no 1 iquids at' oth,",l~ pro:tssure g~nera t: i.ng m.:tteri.ll.l,~l that
mi!.;:lt: CB·: ... pe: w1lt:n e:·~posct.i to temperatt1n~s under.' SOO' F; it l-o':1lI1d not
al'W.:J:Ys be rtCpess'lry for. th~..! p'rotl:~cclve sh.ell to stay c!1cr.plecE:'ly intact.
r'\t leoast 10 ;to l~) p,~rccnt of l:h,~ outer su':"f.:lce area of mo~t l.arge COIl­
t.:lin~~r:; c(lI.l1d be ~:,p()sed to Cl £irEl envirOl1mt:'Ilt: .lot:' t hcur clOd still
not ~l!! in dclhgCl" of 1.\)s1$ of sh:i.•~lding" Ther.ef()rl~, for $.(m:c s'hipping .

"
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The:~~rly developnenc work for th~ wooden-shell in!~Lation con­
~li:;!" !uJ:'C..1U'G that t.he J:u.J.lm.;ing condi.ticlllS c1Pfl·;!~r. tQ h ..~ C:1.'1I~:

(

(-.'',"'.
...'

t···

I.:dl1~.,i;v:r i~~~silr;t~ the r..Jquin~!1I-2nt t:l,lC ltl..:- out::r rn.)t.(~l.:ti·Jli~ .:;helL
rt:.'itl~i.l~ :_(ll'-p~rc.ent i:lt.:H:t. Ot:rillg the .30-(0:.)( dn:fl cmld I;·,.;' L"\:la:«.'J
tl~ ~~'.r!lll::!lhln:; nll.ll·e Pl~;K:cic,Jl,

: 1

1. :'Iher~ is no l:) irf,n i. ficcin't d i.f fert.::at:t~ in the.IIJ:-n ell t~
:be(Wt~Em Dougla~-fj.r: and r.~clwoJod ply;.;oot:j h'Jwev(:e~
; l"<:.!Jwood s.:·erns ;:;0 i.l'I(:ur a >;rcutt~r ...mount of '5pl i. :t..:il'lg
: t:t.:Jt t.~ould be det:rimeL1t:al in the f':r.;~ t~~lVil·om:w:1t.

::!. il'h.c:~r.e is CH) significant dLff.~:~l;'l\Ce i:; tho<' t:"'l1Ipt~rll­
,tun~ g·r.... dienc ,Jr char rate that: CCln be vt~riU.e,·. £:'\1:

: tl;(:s(~ l:~';O plywoods.

3. ; Plywood is sup~rior'to solid woods because of tt~

: tendency oE the solid woods to split in the fire
: Ci'nv j:rorun~ll t .

L. ;i\ gltll:~d and n3i.l(~d laminate t'Jich tnl"ough bolts fo)~

lid clc.sl,:n' ,.;ill nroduce a contai.Lwr that wi.ll s~r­

lviv~ the ~rop tes~s.

,j A.l.t~,ough i:lcldit1..onal !:"es~arch must: bo? d~)IH:! to ri!tl:lC existing
data f;tl1d es t:t:IbU.sh concise des ign cd t.t:!ri.1. su.f;5ic ie'1t i.:'lflO'rmation
h:.h·aLl.a!:Jle to design ~ln cfEt~ctiv(~. econcn:h~al ccmtaine::' \-i:hieh \o,'11l.
llIelJe tl1l~ rt~.;or,)I.~s r.e-qtlirernli.'nLs of the:' reg\,13tory agtHlcie::i.
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