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ONSITE TRANSFER OF PLUTONIUM SOLUTIONS 
USING THE UPGRADED LR-56s CASK 

R. J ;  Gromada 

Westinghouse Savannah River Company 
Aiken, South Carolina, USA 

SUMMARY 

With the end of the cold war, quantities of 
plutonium (Pu) solutions remained in the 
nuclear material production complex at the 
Savannah River Site (SRS). These solutions, 
now surplus to the nuclear weapons 
program, have resulted in significant health, 
safety, and environmental vulnerabilities at 
the site and require stabilization. 

The proposed onsite transfer at SRS raised 
both regulatory and safety concerns since the 
material is prohibited for offsite shipment by 
the US Hazardous Materials Regulations 
(HA4R). However, an onsite transfer may be 
approved if it can be demonstrated that 
proper safety, health, and environmental 
protection are maintained. The difficulty of 
performing such a task is the awareness that 
an onsite transfer of Pu solutions had never 
been approved in the U. S .  

To understand the difficulties associated with 
planning the transfer, this paper will describe 
the methodology and compliance process 
that SRS used to demonstrate that the 
transfer is safe and that the public is 
adequately protected. The cask selected for 
the transfer will be described as well as the 
process used to confirm that the plutonium 

solutions are safely contained by the cask 
design. Additionally, the administrative 
controls and cask modifications mandated by 
the content form are also presented. 

REGULATORY ISSUE . 

Department of Energy (DOE) Order 460.1 A, 
Packaging and Transportation Safe#". 
establishes the safety requirements for DOE 
offsite shipments and onsite transfers of 
hazardous materials. DOE Order 460.1 
requires that onsite hazardous materials 
transfers comply with the Department of 
Transportation (DOT) HMR, or the 
approved site Transportation Safety 
Document that describes the methodology 
and compliance process to meet equivalent 
safety for any deviation from the HMR. 
Since the contents to be transferred are Type 
B quantities of fissile plutonium, the Nuclear 

requirements in the Code of Federal 
Regulations, Title 10, Part 71, (1OCFR71) 
Packaging and Transportation of 
Radioactive Materiat2], also apply. 

Regulatory Commission O\sRC) 

In 1974, the NRC imposed special 
requirements on licensees who ship 
plutonium in excess of 20 Ci (0.74TBq). 
These requirements specie that plutonium 



must be in solid form (excludes liquids) and 
that plutonium must be packaged in a 
separate inner container (double 
containment). In adopting these 
requirements, the NRC specifically excluded 
plutonium in the form of reactor fuel 
elements, and metal or metal alloys from the 
double containment rule. In the original rule, 
published in 10CFR71.63, the NRC 
anticipated that a large number of shipments 
of plutonium nitrate liquids could result from 
spent nuclear fuel reprocessing. It is 
recognized that NRC did so because 
shipment of liquids is susceptible to leakage, 
particularly if a shipping package is 
improperly or not tightly sealed. The 
concern was mainly due to the increased 
possibility of human error resulting from 
handling the expanded shipping load. 

The concern for plutonium leakage is not 
applicable to the limited number of planned 
transfers at SRS. The actual number of 
transfers is extremely small, and the facility 
safety management practices in place at SRS 
ensure compliance with d transportation 
procedures and controls. Therefore, the 
offsite HMR prohibiting the shipment of 
plutonium liquids is not directly applicable to 
the onsite transfers at SRS. 

CASK SELECTION 

A modified version of the French LR-56 
radioactive liquid waste transport system 
was selected to transfer the plutonium 
solutions at SRS. While the cask was not 
certified to ship the quantity of plutonium 
expected in the SRS transfers, it was judged 
to be the best available design capable of 
complying with the HMR. The LR-56 
assembly shown in Figure 1, is composed of 
the cask, mounted on a semi-trailer with 
peripheral equipment which is capable of 

performing loadinghnloading operations 
without external assistance. 

The basic cask design is comprised of a 
stainless steel primary containment vessel 
(PCV), surrounded by a stainless steel 
confinement vessel, a carbon steel strength 
vessel, lead shielding, wood insulation and a 
mild steel outer shell. Three removable plugs 
provide entry to the access wells. The access 
wells contain the closure lids for the 
conftnement vessel and the PCV. A support 
plate mounted below the PCV closure lid 
secures the process flow equipment 
contained within the PCV. The cask is 
horizontally supported by two cradles 
welded to the trailer. The interior of the 
vessel includes baffle plates, fill tubes, valves, 
liquid level instruments, thermocouples, 
sample lines, and spray wash system. 
Exterior to the cask is the peripheral 
equipment used for loadinglunloading the 
cask. 

The cask is licensed for use in France under 
International Atomic energy Agency (IAEA) 
Type B O  certificate of compliance. The 
system was initially designed and fabricated 
by the French Atomic Energy commission. 
The authorized contents is limited to a liquid 
volume of 4000 liters, a plutonium content of 
200 grams, and 10 watts of thermal power. 

ONSITE SAFETY ASSESSMENT 

Per DOE Order 460.14 the LR-56 cask is 
classified as a non-equivalent packaging. A 
non-equivalent packaging is any packaging 
which cannot meet the requirements of a 
DOT packaging. Even though the LR-56s 
cask is IAEA approved, it has not been 
demonstrated that it meets the requirements 
of an approved (DOT) packaging. As a non- 
equivalent packaging, an Onsite Safety 
Assessment (OSA) is required to ensure that 
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the package will provide onsite safety 
equivalent to that provided for offsite 
shipments. 

Prior to performing an OSA, onsite safety 
requirements must be established for the 
package, and specific control and 
communication requirements developed, to 
ensure that the cask system can be operated 
safely. The OSA documentation then 
provides a detailed analysis of the package, 
in which the performance envelope of the 
packaging is clearly established. The onsite 
safety requirements rely on an integrated 
approach which considers the packaging 
design in combination with specified SRS 
communication and control measures. The 
onsite safety requirements for the package 
are shown in Figure 2. 

Content Description 

The planned onsite transfer will move high 
concentrations of fissile materials in the 
LR-56s cask. (the S stands for the SRS 
version). The maximum volume of liquid 
allowed per transfer is 3520 liters. The 
solution is chemically aggressive nitric acid 
with a molarity of 4.0. The liquid will 
contain approximately 3.0 g/l of fissile 
plutonium and 2.8 g/l of enriched boron for 
criticality control. The decay heat generated 
from radioactive decay is limited to 0.0175 
WA. 

Onsite Safety Requirements 

Even though the IAEA certificate provides 
confidence that the LR-56 is a high integrity 
packaging, compliance with SRS onsite 
safety requirements is required. The onsite 
safety requirements must either comply with 
the HMR or provide equivalent safety to the 
HMR. The site-specific requirements 
developed for SRS considered the hazard 

level of the fissile plutonium contents, the 
adequacy of the packaging design, and, since 
the LR-56s cask was fabricated outside the 
country, equivalency of fabrication and 
quality assurance. Whereas the OSA 
evaluated all of the requirements shown in 
Figure 2, only the significant requirements 
are presented here. 

Normal Conditions Transport Equivalency 

A cask and its contents are normally 
evaluated to 1 OCFR7 1.7 1 , Normal 
Condition of Transport (NCT). However, 
for the planned onsite transfer of Pu 
solutions, site-specific safety requirements 
that addressed leakage and criticality also 
had to be developed. 

The possibility of a leak, no matter how 
remote, was a significant concern to SRS. 
To ensure compliance to safety equivalency, 
the LR-56s cask design was upgraded from 
single containment to double containment. 
The redundancy afforded by two 
containment vessels significantly reduces the 
probability of leakage by requiring two 
independent containment failures. The 
possibility that leakage could be the result of 
human error was addressed by applying 
stringent SRS facility safety management 
practices and controls to the loading and 
unloading of the contents. The excellent 
safety record of SRS nuclear facility 
operations has demonstrated the 
effectiveness and safety of these practices. 

The potential for a criticality occurring 
during the transfer was also a serious 
concern to SRS. 1OCFR71 requires under 
NCT that the contents be subcritical. The 
fissile plutonium is normally dissolved in the 
nitric acid solution and as such poses no 
significant risk. However, there are 
conditions (most are highly improbable), 
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Figure 2. Onsite Safety Requirements for Transfer of Plutonium Solution 



under which the Pu will precipitate out of 
solution, resulting in a possible nuclear 
criticality. To comply with the HMR, a 
soluble enriched boron (€3-10) would be 
added to the solution, in sufficient 
concentration to assure subcriticality . This 
assumes that the Pu would converge to an 
optimal configuration inside the PCV. Again, 
stringent facility controls would be imposed 
on loading operations and on final 
composition of the solution. 

Hypothetical Accident Condition 
Equivalency 

Even though the LR-56 is IAEA approved, 
and shown by the French to withstand the 
HAC event, the perception of the LR-56s 
transporter involved in a site accident would 
have a negative impact on obtaining approval 
for .the transfer. Therefore, an equivalent 
safety requirement was developed to provide 
a level of safety equal to that provided by the 
HMR. For the OSA, a transportation risk 
assessment was performed to demonstrate 
that the likelihood of an accident resulting in 
a radioactive release was incredible (<I Oh). 
The assessment demonstrated that 
transportation controls, when applied to the 
truck transfer are effective in preventing 
severe accidents and in mitigating most 
minor credible accidents. 

A Site Transportation Plan was developed to 
ensure that the transfer provides a level of 
safety equivalent to offsite shipments. The 
plan identifies all of the mitigative controls, 
transportation controls, and site 
organizations responsible for implementing 
the controls. Complementing the 
transportation plan is a Site Emergency Plan, 
which identifies the emergency response 
team and alerts the site and surrounding area 
to the transfer. 

Fabrication Equivalency 

The design of the French LR-56 was 
originally developed by the French Atomic 
Energy Commission. The current licensed 
fabricator is SGN Reseau Eurisys. The LR- 
56s cask was designed and fabricated to the 
codes and standards established for the 
French nuclear industry. The equivalency of 
the French codes to those used in the U.S., 
to design and fabricate a Type B packaging, 
needed to be addressed. 

NRC NUREGER-3 854, Fabrication 
Criteria for Shipping Containerd3], provides 
assessment criteria for materials, forming, 
joining, inspection, as well as personnel 
qualifications. A completed assessment 
determined that the LR-56s cask was 
basically in compliance with U.S. codes and 
standards. For those areas that were found 
not to be equivalent, compensatory measures 
were taken by SRS that provided the level of 
safety required of U.S. packagings. These 
measures included adding nondestructive 
examination requirements, revising material 
specifications, modifj4ng acceptance tests, 
and changing acceptance criteria. 

Quality Assurance Equivalency 

The Quality Assurance (QA) programs of the 
French nuclear industry come under the 
requirements of the International Standards 
Organization (ISO) 9000 Series. Differences 
exist between the IS0  and QA programs 
designed to meet the U.S. requirements of 
DOE Order 460.14 1OCFR71 (Subpart H), 
NRC Regulatory Guide 7.10 and ASME 
NQA-1. The equivalency of the French QA 
program to the QA programs used in the 
U.S. needed to be addressed. 

To perform the review, SRS Quality 
Assurance developed a formal Design and 
Fabrication Quality Assessment Plan. SRS 



personnel then used the plan to assess the 
quality assurance elements for design, 
fabrication, and procurement, and the 
standards employed in design, fabrication, 
and verification. Particular importance was 
given to the original French LR-56 Q-list. 
Where the quality of the packaging was in 
question or found to be insufficient, SRS 
established compensatory measures to assure 
that these differences did not impact the 
safety of the package. 

LR-56s Design Modifications 

The completion of the OSA resulted in 
design modifications to the LR-56s to 
ensure that the packaging provided onsite 
safety equivalent to that provided for an 
offsite shipment. The most significant 
modification was upgrading the confinement 
vessel to fbnction as a secondary 
containment vessel (SCV). This included a 
redesign of the secondary closure system 
from a bayonet type design to a flanged 
design. Double O-ring seals were installed in 
the flange to provide full containment. 

Other major modifications requested by SRS 
included fabrication upgrades to the PCV in 
order to meet code requirements and 
redesign of the closure plugs so as to 
decouple the SCV from the overpack loads. 
The end-impact limiters were also redesigned 
to allow for more structural compliance in 
the event of an end-impact. SRS also 
required that the electrical penetrations into 
the containment vessel be shock tested, to 
ensure containment would be maintained 
during NCT. 

Conclusion 

DOE Order 460.1 A, requires onsite transfers 
to comply with the HMR or to provide 
equivalent safety for any deviation from the 
HMR. The OSA performed by SRS first 

identified the hazards associated with the Pu 
solution and established the onsite safety 
requirement for each hazard, then analyzed 
the packaging to show that the performance 
envelope was met, and finally, modified the 
packaging to ensure the safety of the 
transfer. 

Concerns over the safety of the onsite 
transfer were always paramount to the 
assessment process. With the selection of the 
IAEA certified LR-56 transporter, SRS had 
the advantage of starting an onsite 
assessment with a high-integrity liquids cask. 
The most notable deficiency of the cask was 
the fact that it was originally designed to 
handle radioactive liquid waste with much 
lower concentrations of plutonium than that 
proposed for the SRS transfers. The higher 
hazard level of the SRS contents did require 
modifications to the cask design in order to 
satisfy safety concerns. 

The NJX rule prohibiting the shipment of 
plutonium liquids is a significant concern at 
SRS. Addressing the basis for the rule is 
thought to be equivalent to addressing the 
rule itself, for an onsite transfer. Safety 
equivalency was assured through the 
addition of a second containment vessel and 
through the' application of stringent facility 
controls which ensure that the cask is 
properly loaded and sealed. 

The possibility of a criticality is also a serious 
safety concern at SRS. Safety equivalency 
was addressed through the addition of 
enriched boron to the solution and by the use 
of stringent facility controls on loading 
operations. The likelihood of an accident 
resulting in a radioactive release was 
demonstrated to be incredible. A Site 
Transportation Plan was developed to ensure 
the transfer met the criteria for equivalent 
safety. 



Assessments made on the French-built cask 
determined that its fabrication did not klly 
satisfj, U.S. codes, standards, and QA 
programs. However, with the cooperation of 
the French, compensatory measures were 
taken to provide the level of safety required 
of U.S. Type B packagings. 

Modifications made to the cask greatly 
enhanced its capability to safely transfer 
solutions containing high concentrations of 
fissile material. The addition of double 
containment, new closure lids, fabrication 
upgrades, redesigned closure plugs and 
impact limiters, supported the OSA in 
demonstrating that the LR-56s transport 
system can provide onsite safety equivalent 
to that required for offsite shipments. 
However, early in 1997 the DOE canceled 
plans to transfer the Pu solutions, 
terminating the completion of the OSA and 
the initial use of the LR-56 cask. 
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