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TN-BGC 1 package
Application for American validation of the French certificate of approval
F/313/B(U)F-96 (Jbb) for the package consisting of the TN-BGC1 packaging loaded
with contents n°11 or n°26.

References:

<1> TN-BGC1 Safety Analysis Report CEA DSN/STMR/LEPEITNBGC1 DSEM 0600 Rev. 02
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2012;

<2> TN-BGC1 French Certificate of Approval No. F/31 3/B(U)F-96 (Jbb);
<3> TN-BGC1 USA Certificate of Approval No. USA/0492/B(U)F-96 Rev. 17;
<4> Application for the validation of certificate of Approval No. F/313/B(U)F-96 (Jbb),

ref. CEX-15-00117104-001 of June 2 5 th, 2015;
<5> Criticality code validation for TN-BGC1 - contents 11la, 11lb, 11 c and 11lg,
ref. TN-BGC1-0600 rev. B of June 1 2 th 2015;
<6> Criticality analysis for TN-BGC1- contents I Ia, I Ib, I Ic and I Ig

ref. TN-BGC1-0601 rev. 1 of June

1 6 th 2 0 1 5 ;

<7> Request for additional information for revalidation of model No. TN-BGC1 (French
competent authority certificate of approval No. F/313/B(U)F-96 Rev. Jbb),

Docket No. 71-3034, TAC No. L25037 of December 1 6 th 2015;
<8> Affidavit pursuant to 10 CFR 2.390: ref. CEX-1 5-00117104-002 of November

2 0

rd,

2015;

<9> "Unsaturated polyester resins:• influence of the styrene concentration on the miscibility and

mechanical properties" - E.M.S Sanchez et al. / Polymer 41 (2000)
TN INTERNATIONAL
E:tablissement Saint-Quentin-en-Yvelines
(Si~ge social)
1, rue des Hdrons
78180 Montigny-le-Bretonneux
T61. :+33 (0) 1 34 96 50.00
Fax :+33 (0) 134 9654 50
ROS Versailles SIRET 602 039 299 00063

E~tablissement Nord Quest
ZA d'Armanville
Rue des Entrepreneurs
50700 Valognes
TEl.: +33 (0) 2 33 88 69 88
Fax :+33 (0) 233 88 6999
RCS Cherbourg SIRET 602 039 299 00105

t~tablissement Sud-Est
CD 1388 CODOLET
BP 64182
30204 Bagnols-sur-Ceze-cedex
T6l. :+33 (0) 466 90 33 00
Fax :+33 (0) 466 9032 03
RCS Nimes SIRET 602 039 299 00097

aU

.~,,
IO40

TN International - S.A au capital de 30 291 000 Euros - SIREN 602 039 299 - APE 5229B - N0 Intracommunautaire : FR 25 602 039 299

CEX-1 5-00117104-003

J.[

A'

Page 2/12

ARE
EVA

Dear Mr. Boyle,
You will find in Appendix 1 the additional information requested by the letter in reference <7>.
Please note that answers to questions 2 and 3 of Criticality Review are not included in this letter, as
mentioned in Appendix 2.
We will provide these answers in a separate letter by the end of January 2016.
You will find enclosed the affidavit in reference <8> to request the document NTC-08-001 18662000 rev. 1 be withheld from public access.
Please note that we had already transmitted an electronic copy of this document without the
appropriate mentions to 10 CFR 2.390(b)(4) along with our application letter in reference <4>. We
would appreciate ifyou could apply the same restrictions from public access to it.
An article from literature (ref. <9>) is also enclosed to help in justifying that polyester resin is
thermoset, as explained in the answer to question 4 of Criticality Review.
Should you need any further information, please do not hesitate to contact us.

Design Manager
Reactor Engineering Unit

Endl.:
-

Affidavit pursuant to 10 CFR 2.390: ref. CEX-1 5-00117104-002 of November 2 0rd, 2015;
"Unsaturated polyester resins : influence of the styrene concentration on the miscibility
and mechanical properties" - E.M.S Sanchez et al. / Polymer 41 (2000)
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APPENDIX I
Answers to the Request for Additional Information for revalidation of model No.
TN-BGCl (French competent authority certificate of approval No.
F/313/B(U)F\96 Rev. Jbb)
Docket No. 71-3034, TAC No. L25037
CRITICALITY REVIEW

1. Clarify if changes were made to the packaging for TRIGA fuel and provide
corresponding safety analyses if necessary.
In its application letter, dated July 9, 2015, the applicant requests approval of the TNBGC 1 package for TRIGA fuel (content No. 26 in French Competent Authority
Certificate F/313/B(U)F-96, Rev. Jbb). The applicant needs to clarify if a new TRIGA
fuel type will be shipped, if different packaging materials or packaging methods were
used, etc. If necessary, submit additional criticality safety analysis for either content
changes or operational changes associated with TRIGA fuel or demonstrate that the
analyses for the approved TRIGA fuel package bound the new contents or packaging
methods used.
The staff needs this information to determine the TN-BGCl package with requested
contents meets the regulatory requirements of para. 673 to 683 of the IAEA TS-R-1,
2009 edition.
The type of TRIGA fuel is identical to the TRIGA fuel approved
USA-0492-B(U)F-96 rev.17 (ref. <3>).

in certificate

The aim of this re-application was to cover the event of a new certificate cancelling and
replacing the former certificate USA-0492-B(U)F-96 r6v.17 (ref. <3>).
As a matter of fact, the current limitations specified in para. 5.b of this certificate may be
renewed :
-

number of TRIGA fuel elements per package must not exceed 5 standard elements or
23 thin elements;

-

total mass of cardboard must not exceed 1200 grams;
the moisture content of the wood components must not exceed 10 percent;
total water content (including moisture content of the wood and water equivalent in

the form of cardboard) must not exceed 2900 grams per package;
The same applies to content lid, lie and 11if. Current limitations
USA-0492-B(U)F-96 rev.17 (ref. <3>) may be renewed:
-

-

of certificate

For Contents No. lid, lie, and 11f, the maximum fissile mass is not to exceed 5
kilograms U-235 per package. The mass of water and the equivalent mass of other
hydrogenous materials must not exceed 2000 grams per package. Contents 11 h is
not permitted.
uranium metallic powder is prohibited under Content No. 11 if it can ignite within five
(5) minutes after coming in contact with air when tested according to section 33.3.1.4
Test N.2 of the UN Recommendations on the Transport of Dangerous Goods, Manual
of Tests and Criteria.
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2. Provide criticality safety calculations for the uranium oxides (UO 2 , UO 3, U30 8);
uranium tetrafluoride (UF 4); uranium nitrides (UN, U2 N3, UN2); uranium carbides (UC,
UC2 and U2C3); and uranium alloyed with aluminum (Al), molybdenum (Mo), silicon
(Si); and zirconium (Zr) and USL values for each type of the requested contents.
In its application letter, dated July 9, 2015, the applicant requested approval of the TNBGC I package for "the transport and storage of fissile material in very varied forms
such as ingots of plutonium or metallic uranium, powders consisting of plutonium
oxide or highly enriched uranium, and liquids such as uranyl nitrate." The applicant
further clarified that, in addition to metallic uranium in powder form, the requested

contents also include uranium oxides (UO2, UO3, U3 08), uranium tetrafluoride (UF4),
uranium nitrides (UN, U2N3, UN2 ,), uranium carbides (UC, UC2 and U2C3) and uranium
alloyed with aluminum (Al), molybdenum (Mo), silicon (Si), and zirconium
(Zr). However, the criticality safety analyses provided in TN-BGC1-0601, dated June
16

th,

2015, only address pure uranium metal. The applicant needs to provide criticality

safety analyses for the TN-BGCI package containing uranium oxide (UO 2 , UO 3 , U30 8)

powders, uranium tetrafiuoride (UF 4 ), uranium nitrides (UN, U2N3, UN2,), uranium
carbides (UC, UC2 and U2C3) and uranium alloyed with aluminum (Al), molybdenum
(Mo),.silicon (Si), and zirconium (Zr).
The staff needs this information to determine the TN-BGCI package with requested
contents meets the regulatory requirements of para. 673 to 683 of the IAEA TS-R-1,
2009 edition.

Uranium nitrides and uranium carbides are not needed until 2018 and may be prohibited in
the validation.
For the other chemical forms (uranium oxides (UO 2, UO3 , U30 8 ), uranium tetrafluoride (UF4)
and uranium alloyed with aluminum (Al), molybdenum (Mo), silicon (Si), zirconium (Zr))
additional calculations are being carried out to demonstrate that they are covered by the
calculations carried out in TN Inc. note TN-BGC1-0601 R1 (ref. <6>) with uranium metal.
The corresponding calculation note will be provided by the end of January 2016.
3. Provide justification that the selected critical benchmark experiments are
appropriate for the criticality safety calculations for the requested contents or provide
additional benchmark for the powder form uranium oxides (UO 2, UO 3 , U3 0 8 ), uranium
tetrafluoride (UF4), uranium nitrides (UN, IJ2N3, UN2), uranium carbides (UC, UC2 and
U2C3 ) and uranium alloyed with aluminum (Al), molybdenum (Mo), silicon (Si), and
zirconium (Zr) and corresponding USL for each of the contents.
In TN-BGCI-0600, dated June 11, 2015, the applicant provided code benchmarking
analyses for the SCALE 6.0 computer code used for the TN-BGCI criticality safety
analyses. However, it appears that all selected critical experiments are associated
with uranium metal, and that none of the selected critical experiments apply to the
other content forms. As such, it is not clear how the selected critical experiments are
applicable to the requested contents. The applicant needs to either justify that the
selected critical experiments are appropriate for the criticality analyses of the
requested contents or revise its code benchmark analyses to include critical
experiments that are applicable to all requested contents.
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The staff also notes that the upper safety limit (USL) values provided by the applicant
are a function of enrichment, energy of average lethargy causing fission (EALF),
hydrogen to fissile material (HIX) ratio, mean free path (MFP), and neutron fission yield
for metallic uranium only. However, the applicant did not provide USL values for each
content or a bounding USL value for all requested contents. The applicant needs to
provide USL values for all of these parameters for each type of requested content or a
bounding value for all of requested contents.
The staff needs this information to determine the TN-BGCI package with the
requested contents meets the regulatory requirements of para. 673 to 683 of the IAEA
TS-R-1, 2009 edition.
As explained for question 2, additional calculations are being performed to prove that the
USL value used in TN Inc. note TN-BGC1-0601 R1 (ref. <6>), calculated for uranium metal
with enrichment set to 100%, is a bounding value.
The corresponding calculation note will be provided by the end of January 2016.
4. Provide justification for the credit taken for the remainder of the burned neutron
shield in the criticality analyses for the packages under hypothetical accident
conditions.
On page 7 of TN-BGCl-0601, dated June 16, 2015, the applicant states, "For the HAC
case, part of the resin is replaced with air (Table presented in Appendix C shows that
using air is more conservative than water. . ...). However, the basis for taking credit
for both the presence of the burned neutron shield and the material composition of the
burned neutron shield under hypothetical accident conditions (HAC)Iaccident
conditions of transport (ACT) is unclear. Specifically, staff is unable to find proof in
the safety analysis report that the burned resin will remain uniformly attached to the
outer surface of the overpack inner shell as assumed in the model shown in Figure 111. The applicant needs to justify the cr'edit taken for the burned neutron shield in the
criticality analyses for the packages under HACIACT.
The staff needs this information to determine the TN-BGCl package with powder form
highly enriched uranium and plutonium dioxide meets the regulatory requirements of
para. 681 to 683 of the IAEA TS-R-1, 2009 edition.
In criticality calculations, no credit is taken for the presence of burned neutron shield.
Indeed, behavior of neutron shield under HAC has been assessed as described in
NTC-08-00118662 rev. 1 and summarized in CEX-15-00117104-001 (ref. <4>).
These thermal tests have demonstrated that the subsequent modifications of physical and
chemical characteristics of neutron shield are equivalent to a loss of 15 mm of neutron shield
thickness from the face exposed to fire (this equivalence is calculated considering solely the

modified layer of the sample

-

25 mm for the furnace fire test

-

meaning that this

equivalence is valid for any block of neutron shield thicker than 25 mam).
Applied to TN-BGC 1 package, this may be rephrased as follow: after HAC, the neutron
shield, with minimum initial thickness of 48 mam, is equivalent to a neutron shield of 33 mam.
As a matter of fact, the remainder of 33 mm is not a burned neutron shield and is logically
positioned onto the outer surface of the overpack inner shell.
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This is additionally justified by the fact that the resin used as neutron shield is polyesterbased and thus is a thermoset material (i.e. not thermoplastic). It has therefore no melting
point in the range of temperature of HAC fire conditions as explained in the article in
reference <9> which states:
'Among the thermosetting resins, unsaturatedpolyesters, UP, are the most
commonly used matrix materialsfor fiber-reinforcedplastics"
"Unsaturatedpolyesters become insoluble and infusible by crosslinking with a
monomer, usually styrene (ST)"
Moreover, the thermal test described in NTC-08-001 18662 rev.1 has shown that at a depth
of 10 mm from the face exposed to the flame, where it was observed that the physical
characteristics of the resin were unchanged, the temperature of resin did not exceed 200°C.
Considering that Chapter 5 of SAR (ref. <1>) mentions a temperature of inner shell not
exceeding 173°C in HAC, resin onto inner shell, located at 48 mm from the face exposed to
fire in HAC, would thus not be physically affected by HAC thermal assessment.
As a consequence, in criticality calculation, the remainder of neutron shield is considered to
remain uniformly attached to the outer surface of the overpack inner shell.
Moreover, as stated in §3.2.2 of NTC-08-001 18662 rev.1, after being exposed to a flame of
800°C during 30 minutes, the resin may be scratched on the first 4 mm from exposed face.
Additional scratching does not lead to a deeper crater.
If the resin could be scratched in its casing after HAC and assuming that resin could move
radially, the displacement of resin would then be limited to a maximum radial displacement of
4 mm, which represent a negligible change in position of 2% with respect to the inner
diameter of resin: 192 mm.
As a reminder, the resin is cast into its casing and forms a U-shaped cylinder (see below). As
a matter of fact, any global radial displacement of resin is impossible.

7

/m

In the end, since HAC thermal assessment is required to be done after HAC mechanical
analyses (see art. 726 in IAEA No. SSR-6), there is no significant mechanical solicitations on
the package after fire conditions and thus no reason for resin neither to be scratched nor to
move radially.
5. Discuss the impact of the structural aluminum cage has on criticality safety under
ACT conditions or if it has any impact at all.
A summary of the main assumptions taken into account in the safety analyses report is
provided below. These assumptions remain valid independently of the presence of the cage :
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-

the 15 mm equivalent thickness of damaged resin is obtained under very severe
conditions (30' between 600°C and 80000 and 30' at 80000). In a conservative
approach, the criticality calculations are carried out by removing this 15 mm layer of
resin all around every package of the array;

-

aluminum cages are not taken into account in criticality calculations note
TN-BGCl-0601 rev.1 (ref. <6>);

-

spacing between packages for the different arrays considered is chosen to optimize
moderation, meaning that the worst case of re-configuration without the cage in HAC
is already considered (as described in Figure 11-2 and Figure 11-8 of note
TN-BGC1-0601 rev.1 (ref. <6>));

-

Chapter 3 of SAR (ref. <1>) shows that after the regulatory drop tests the steel
structure of the package (especially the outer shell) keeps its functions :overall
structural resistance of the package and global confinement of resin in-between the
outer and inner shells;

-

Chapter 5 of SAR (ref. <1>) shows that during HAC fire test the temperature reached
by structural components is acceptable and does not question the structural
resistance of the package neither the confinement of the resin.

As a matter of fact, the structural aluminum cage has no impact on criticality safety analyses
under HAC.
Moreover, the resin remains confined in the steel shells of the package after the drop test
conditions followed by the fire test conditions. Therefore, even if the package falls after the
HAC fire, there is no risk to lose the resin layer (not to mention that resin has no melting point
as any thermoset material).
Eventually, it should be emphasized that considering any additional drop after HAC fire test
is not a regulatory requirement. The package is indeed not required to sustain any further
mechanical loading after HAC fire test.
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MATERIALS REVIEW

1. As stated below, provide further rationales (justification, or basis) for eliminating
the possibility for a pyrophoric reaction.
a. The applicant does not present sufficient information on drying conditions of
uranium metallic powder both prior to and after inerting.
In response to staff's 2014 RAI, the applicant indicated the cavity is placed under a
I mbar vacuum two consecutive times before inerting the cavity at 1 bar. However, the
time duration for the I mbar vacuum is not specified. ASTM 01553 (from PNL-6365)
specifies 4 mbar for at least 30 minutes following evacuation. If this condition is not
obtained, other industry practices monitor the gas pressure while inerting after
vacuum drying. Because clogged, or (chemically or physically) sorbed water is
potentially present, the inert gas pressure may need to be monitored a longer time.
It has to be noticed that there is no water in the manufacturing process of uranium powders.
There is thus no drying needed prior to and after inerting.
b. The applicant states that, for the amount of uranium shipped, the quantity of air
which could enter the cavity is insufficient to sustain a continuous pyrophoric
reaction. However, the oxygen needed to sustain a pyrophoric reaction can also be
supplied by the presence of water. For example, water vapor may also enter the cavity
in addition to air due to HACIACT. In addition, water within the cavity due to
inadequate drying (see question above) can supply oxygen either through radiolysis
or by being present. Therefore, the basis for this assessment may not cover a full
range of gas intrusion conditions.
Calculation of the quantity of air entering the cavity has already been provided in

CEX-15-001 17104-001 (ref. <4>).
Additional calculations are carried out below to take into consideration the water entering the
cavity coming from air moisture.
It is reminded that for content No. 11, the pressure in cavity is set to atmospheric pressure
for transport.
The main assumptions and results taken from CEX-1 5-00117104-001 (ref. <4>) are the
following:
-

-

the cavity is assumed to be filled with an inert gas at room temperature and at a low
ambient pressure (Patmmin = 96 kPa);
the ambient pressure considered for transport condition is maximized and
corresponds to a high ambient pressure (Patmm• = 104 kPa);
-the free volume is then VJ'ree = 19.7 1;
leakage is considered for an infinite time, leading to an equilibrium between

-the

ambient pressure and pressure in cavity;

-

the volume of air entering the cavity is 7,69% of the free volume, which is
Vair = 1,52 1 (1.52 x i0-3 in 3 ) ;
the partial pressure of dioxygen in the air is taken to be 21 % of Patmmax, that is:

-

the dioxygen in the air follows the ideal gas law.

-

21.8 kPa;
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The amount of oxygen contained in the air entering in the cavity, assuming the presence of
water vapor can be expressed in the following manner:
m[O0,] = m1 [O02] + m2 [O2]
Where:

m1 [02] is the mass of oxygen from air
m2 [02] is the mass of oxygen in water vapor
The value of m1 has been already determined in reference CEX-1 5-00117104-001 (ref. <4>).
It should be noticed that the formula written in this reference contained a typing mistake (the
7.69% term is missing), however the result given was correct. The mass of oxygen from air is
thus confirmed to be:

2.18E+° 4 x 7.69 % x 19.7E-° 3
m1 [0 2 ] =8.314

x298

x 2 x 16 =0.427 g

At ambient conditions of 298 K and 100% relative humidity, the maximum mass of water
vapor in the air is 17 g per cubic meter of dry air, Habs = 17 g. m-3 .
The mass of water vapor in the cavity of TN-BGC 1 may therefore be written as:
m[H 2 0]

=

Vair X Habs

=

1.52 x 10-3 x 17

=

25.84 x 10-3 g

This leads to the mass of oxygen in the !2 0 :
m2 [O2 ]

=

M[O]
m[H2 0] x M[20

16
25.84 x 10-3 x T8 = 0.023 g

Thus, 1.52 liters of humid air contains 0.427 g of oxygen from the air and another 0.023 g of
oxygen in the H-2 0. The total mass of oxygen in the cavity is:
m[0 2 ] = m1 [02 ] + m 2 [02 ] = 0.427 + 0.023 = 0.450 g
These 0.450 g of oxygen can react with 3.347g of uranium metal.
Considering this result, the quantity of air which enters the cavity during a transport remains
insufficient to generate a sustainable pyrophoric reaction.
c. The applicant states that the temperature will not exceed 144 °C. However, if the
metallic powder reacts with any oxygen that may be present in the cavity or enters the
containment, the temperature may increase due to exothermic reactions of the
metallic uranium with oxygen.
As mentioned above, any pyrophoric reaction is excluded during transport. As a conclusion,

the maximum temperature of 14400 calculated in the SAR (ref. <1>) in HAC will not be
exceeded.
d. The applicant does not discuss how its assessment of pyrophoricity complies with
the UN Recommendations on the Transport of Dangerous Goods.
The pyrophoric hazard of content is managed by the low amount of air entering the cavity, as
explained above.
The staff needs this information to proceed with its review per para. 506, TS-R-1 (2009
Edition).
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2. Provide information on the variation of resin materials properties with temperature.

To evaluate the resin performance, the applicant needs to provide information on
changes in resin properties such as mechanical strength, density and chemical
composition from the as fabricated condition due to temperature changes resulting
from thermolysis, a ACTIHAC fire, etc.
The staff needs this information to proceed with its review per para. 506, TS-R-1 (2009
Edition).
with
rev.1I
provided
3.2
of
technical .note
NTC-08-001 18662
Paragraph
CEX-15-00117104-001 (ref. <4>) gives data on the chemical composition of resin after HAC
fire. It is shown that the neutron shielding capability of resin, which depends on hydrogen and
boron contents, is equivalent to a neutron shield layer of 33 mm, which is the thickness used
in criticality safety analyses for the remainder of resin.
In addition, as mentioned previously, the resin is thermoset and does not melt or lose its
average structural resistance during HAC fire (see ref. <9>).
Regarding changes resulting from thermolysis, paragraph 7.2 of technical
00118662 rev.1 indicates that at a permanent temperature of 12500 during
loss of mass is 0.7%. Considering the maximum temperature reached in NOT
shell (contents No. 11 and No. 26 have no thermal power), the corresponding
would be negligible and density of resin can be considered to remain constant

note NTC-08100 days, the
by the external
loss in density
during NOT.

3. Clarify the use of different criteria for package mechanical performance.
The applicant discusses an 88 bar pressure criteria for mechanical resistance to
(hydrogen) explosion in Chapter 3. However, the applicant presents a 2.11 bar
pressure criteria for enclosure tightness in Chapter 9. It is unclear to staff how these
criteria were developed and why the values differ so greatly.
The staff needs this information to proceed with its review per para. 506, TS-R-1
(2009 Edition).
The 88 bar pressure criterion applies to the package cavity and is derived from mechanical
considerations. It serves to demonstrate that the package is able to withstand an explosion
as explained in paragraph 3.8 of Chapter 3 of SAR (ref. <1>).
The value of 2.11 bar is not a pressure criterion and applies to the internal fitting. It is an
evaluation of the internal pressure obtained in the internal fitting after having considered the
radiolysis and thermolysis phenomena.
This 2.11 bar value should be compared to the 6.8 bar pressure criterion which is the
maximum allowable pressure in the internal fitting as explained in Chapter 4 of SAR (ref.
<1>) and recalled in Chapter 9. This criterion was developed considering the effective
maximum pressure the internal fitting is able to sustain (60 bar, see paragraph 4.2 of Chapter
4 of SAR (ref. <1>)) and a 8.8 multiplication factor for the internal pressure increase during
an explosion. The maximum allowable pressure inside the internal fitting is then:
Pmax allowable

TN INTERNATIONAL
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CONTAINMENT REVIEW

1. Identify the maximum activity (in units of Bq and A2/g) for content 11 to be
transported for this revalidation.
SAR Chapter 6 (page 15142, section 7.3.2) states the package release rates will be
below regulatory limits provided the contents associated with Case 2, which include
content 11, have an activity less than 46 A2/g under NCT and less than 1448 A2/g for
ACTIHAC. Since Case 2 includes contents other than content 11, it is unclear with
which content(s) these activities are associated. The maximum activity (in units of Bq
and A2/g) of content 11 is needed to review the application.
This information is needed to determine compliance withTS-R-1 paragraph 658, 730,
and 807.
it should be noticed that the activities of 46A 2 /g and 1448 A2/g given in the' SAR (ref. <1>)
are deduced from the maximum allowable release rates: 10-6 A2 /h in NOT and 1A 2 /week in
HAC as indicated in Chapter 6 of SAR (ref. <1>).
As a matter of fact, these activity limits do not correspond to a specific content and cover all
contents included in Case 2 (contents No. 2, 4, 7, 11, 26, 41 and 42).
For unirradiated uranium bearing material, these limits are indeed respected.
The available margins are estimated by calculating the maximum activity with an analysis
based on bonding characteristics of content 11.
This analysis is done considering a conservative mass of 40 kg, which is the highest mass of
uranium allowable for content 11, and assuming that the isotopic composition is 100% of
2 34 U2, which has the highest specific activity and the lowest A value among the possible
2
uranium isotopes in content 11 (the possible uranium isotopes considered for unirradiated
uranium bearing material are 234 U_,235 U.,2 36U2, 238 U.).
It is reminded that reprocessed uranium is prohibited.
Under these conditions, the maximum total activity for content 11 is 0.04 A 2 /g, as calculated
below:
17 x 10-4 TBq/p
specific activity (TB q/g)
TBq = 0.04 A 2 /g
=6.000 x0A2 (TB)
Activity (A2 /g)
_2.3

-

The corresponding total activity for 40 kg of

234Uj

is 9.27 TBq, as calculated below:

Activity (TBq) = specific activity (TB q/g) x mass (g)
Activity (TBq) = 2.317 x i0-4 TBq/g x 40 000 g = 9.27 TBq
It should be emphasized that this activity does not correspond to an actual activity to be
transported but is a bonding value for content 11.
In the end, as expected, the maximum activity for content 11 remains below the limit defined
in Chapter 6 of SAR (ref. <1>) which guarantees that the package release rates will be below
regulatory limits.
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APPENDIX 2
Follow up of answers to the Request for Additional Information
Docket No. 71 -3034, TAC No. L25037

Reference of RAI

,o

Reference of TNI letter

Criticality Review

CEX-1 5-00117104-003

PAI- 1
RAI - 2

-170400
CEXIlQ
RAI -

4CEX-15-001

Material0

17104-003
17104-00

RA!

-

Ia

CEX-1 5-00117104-003

RAl

-

Ib

CEX-1 5-00117104-003

RAl -2l

CEX-15-001 17104-003

RAI -31

CEX-1 5-00117104-003

ContAInmn Review5-01714-0
RAl -13

TN INTERNATIONAL

CEX-1 5-00117104-003

