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Hello Chris, 

In preparation for our meeting today I have worked through your questions and have provided an initial response, for 
the NRC to review during the meeting. I have also attached a report from MURR regarding the lr-194 shielding 
calculations, that however will require more review than only during this meeting. Could you let me know which 
number to call for the teleconference . 

Thank you, 
Sarah 

Sarah Bryson 
Licensing Engineer 

Direct Tel: +44(0)1865 408641 

Croft Associates Limited 
Building F4, Culham Science Centre, Culham 
Abingdon, Oxfordshire, OX14 3DB 

Telephone: +44(0)1865 407740 Fax: +44(0)1865 407449 
Email : sarah.bryson @croftltd.com Website: www.croftltd.com 

Croft Associates Ltd 
Building F4 Culham Science Centre 
Culham, Abingdon. Oxfordshire OX14 3DB. 
Tel: 01865 407740 Fax: 01865 407449 
CompanyNo 1698337. 

The information contained in this email may be commercially sensitive and/or legally privileged. It is intended 
solely for the person(s) to whom it is addressed. Ifyou are not a named recipient, you are on notice of its status. 
Please notify the sender immediately by reply e-mail and then delete this message from your system. You must 
not disclose it to any other person copy or di tribute it or use it for any purpose. 

This email and attachments have been scanned for viruses on dispatch, however, Croft Associates cannot 
guarantee that the e-mail or any attachments are completely free from viruses. 
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R esponse to NRC questions 
No. NRC question Croft Response 
1 The gamma dose rates attributed to the Yes, as previously stated the gamma dose rate is 

parent nuclide (i.e., nuclide in list of calculated at the point of the highest dose rate 
proposed contents) in SAR Chapter 5 and so it takes into account all of the daughter's 
Tables 10 and 11 should include the gammas at that point. 
gamma dose rate contribution from all the 
daughters whether the daughters emit only 
gammas or both gammas and betas. Do 
they? 

2 Justify the absence of beta and gamma This was an error and will be added to the Ra-
contributions from Tl-21 0 for Ra-226 226 calculations. I can update the PCS and 

in the SAR Chapter 5 Tables 10 and shielding reports to include TI-21 0. 

11. Staffbelieves these should be 
accounted for and added. If modified 
results for Ra-226 that account for the 
Tl-21 0 will be provided, submission 
by e-mail is sufficient. 

3 Explain/clarify how the calculation of The Watt/Curie value is taken from 
Watt/Curie is done and why the results Microshield. On reviewing PCS 038 for the last 

for many of the proposed contents are questions asked it was noticed that an error 

different from the 2nd RAI response existed in the spreadsheet that caused the heat 

submittal results. generation value for Ir-194 to be copied to 16 
nuclides below covering Lu-177 to Se-75. This 
error was corrected and the correct heat 
generation values were given. 

4 Confirm that the correct Ir-194 isotope A report from MURR is provided to answer this 
is used in the shielding analyses . NRC question. 

had asked about this in a previous 
phone call, and Croft committed to 
investigate this; however, no 
explanation or follow-up was provided 
by Croft in the latest supplement to 
explain why the chosen Ir-194 isotope 
is the correct one to use. 

5 Provide the source for the TBq/g IAEA safety Standards, Advisory Material for 
information for Tb-161 and K.r-79 . the IAEA Regulations for the Safe Transport of 

These two nuclides are not included in Radioactive Material, Safety Guide, TS-G-1.1 

the Appendix A tables of Part 71,49 (Rev 1) para 240.2 

CFR 173 or IAEA's SSR-6. 
6 Justify the Important to Safety Croft used the guidance in NUREG/CR-6407 to 

categories assigned to packaging categorise the packaging components. All the 

components, particularly the items suggested categories in tllis NUREG are 

relied upon for shielding: the depleted followed. 

uranium, the shielding inserts, steel for 
the CV and keg, etc. 



7 The vibration test report refers to The only deviations from the licensing drawings 
manufacturing drawings. Do the are that there are no jacking screws or shielding 

specifications for the packaging used screws. The CV 0-rings used were EPM rather 

in the vibration test meet the CoC than silicone because we don 't have any silicone 

drawings for the keg, all the cork, the 0-rings in stock they are currently on order. 

CV, and the inserts? 
8 Staff finds the pass/fail criterion for Agreed this can be changed 

the shielding acceptance test unclear. 
Based upon previous discussions and 
infonnation provided, staffbelieves 
the following safety analysis report 
(SAR) text, taken from the 2nd sentence 
of the 2nd paragraph in Section 
8.1 .6. with bolded text added by staff, 
correctly identifies the shielding test 
acceptance criteria: 

"The measured dose rates are 
compared to the dose rates calculated 
for the surface of the containment 
vessel lid and body with the 
minimum dimensions and the 
minimum density of the DU and 
stainless steel, as well as the chemical 
composition, specified in the CoC 
drawings." 

If so the staff suggests revising the 
SAR accordingly. 

9 Many of the proposed nuclide limits in This is an error by Croft. The total contents 
the SAR, particularly for the lighter based on shielding was mistakenly taken from 

tungsten insert, increased by a factor CTR 2011 /01 rather than CTR 2013/09 which 

of two without a basis being given. applies the reduction to the contents to meet the 

Therefore, to facilitate issuing the exclusive use contents for the lighter tungsten 

original certificate of compliance, staff 
insert. 

will calculate the nuclide limits using 
the logic provided to date. Changes to 
the nuclide limits will be allowed in 
future revisions of the certificate of 
compliance. 
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Abstract: 
During the preparation of a recent Reactor Utilization Request. attention 
was brought to the fact that the production of iridium isotopes through 
thennal neutron capture is . ubject to differing scientific inteq)rctation .. A 
meeting was held to help determine if the currently configured standard 
activity calculator (Standact) utilized by MuRR to calculate irradiation 
(and shipping) activities for iridium. adequately and accuratel y determined 
isotopic activity. We believe that our currently configured Standact for 
iridium con ervatively calculates the activity produced by inadiation of an 
iridium target. This standact i based in part on isotopic production 
information available in an earlier edition of the Chart of the Nuclides 
(most likely prior to 1996). 

Steve Morris suggested, and consented to perform , an iridium irradiation 
experiment in order to gain information which may allow us to better 
predict the probabilities of speci fie iridium isotopic production. The 
principal action item taken from the meeting was to have Steve design and 
conduct this experiment with the expectation that once the experiment i · 
completed and the results arc known, the information gained will be 
incorporated where appropriate to h1cilitatc the irradiation and shipment of 
itidium targets. 

The experiment wa. sub equently undertaken and there. ults are found in 
the attached report entitled: 
The Radioassay Of An " Infinitely Dilute' ' Iridium Target Irradiated In The 
MURR Flux Trap'' 
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