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N-3: International Threat Reduction
Off-Site Source Recovery Project (OSRP)

OSR-SF-009: Special Form Character of Amersham XN240 Sealed Sources

History/Backqround

In March 2006, the U.S. DOT issued a new Special Form COCA for QSA-Global' model XN240
radioactive sealed sources (Cert. No. USA/0726/S-96). The new COCA contained a peculiarity
of recent QSA Global certifications, in that it was valid only for sources manufactured on or after
May 25, 1982.

Since 1970, over 6,500 XN240 sources were manufactured and distributed. One customer,
Industrial Dynamics (ID), purchased several Amersham Model XN240 sealed sources and
welded them into 304 stainless steel housing assemblies. These assemblies are known as Model
FT-12 devices with external dimensions of 2”"x2”x1.4” as described under Industrial Dynamics
Drawing No. 06110).

The size and shape of these FT-12 devices poses a challenge for potential shippers of assemblies
manufactured prior to May 25, 1982, because they no longer have a corresponding special form
certificate.

The FT-12 assembly exceeds the internal size limit of all OSRP and QSA Global field-sealable
special form capsules.

Furthermore, FT-12 devices are not readily disassembled because of robust methods of
construction.

To further complicate matters, the Specification 6M Type B packages previously used by OSRP
to transport unwanted XN240 sources (as Normal Form) became obsolete on October 1, 2008.
This combination of events leaves QSA-Global, Industrial Dynamics, FT-12 users, waste
brokers, and OSRP with no viable way to ship FT-12 (XN240) sources manufactured prior to
May 25, 1982.

Special Form Character of Model XN240

One solution to this challenge is to evaluate the performance of the XN240 capsules (Amersham
Product Code AMCQ505) over an extended working lifetime, say 40 years.

In April 2000, Industrial Dynamics requested a 10-year extension to the original 30-year
recommended working lifetime (RWL) for the XN240, thus increasing it to 40 years. AEA
Technology undertook a working life time extension review which was completed in April 2000.
The AEA design review was documented in DRAMCQ505. The design review included
evaluation of the product description, application, specification, manufacturing & testing

! QSA-Global is a successor to Amersham International (formerly known as: Amersham, AEA Technology, QSA, or Nuclear
Tech) which, along with these predecessors, have manufactured and distributed sealed radioactive sources for over 60 years.
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procedures, evaluation of aged product at 10 and 20 years, and a design assessment for extended
use.

DRAMCQA505 states in part that, “The key feature of the design that requires assessment is the
internal pressure resulting from build up of helium resulting from alpha particle decay. The
bursting pressure has been determined experimentally at ambient temperature to be 7,500 psi
(57.1 MPa) ref. QATM 053, Issue 1. This is in agreement with calculated bursting pressure...
Calculations have been performed for 40 years for a source containing 100 mCi of Am-241. In
summary the results are: ...at 800 C for 40 years of decay are... a shear stress in the source
window of 11.2% of the windows shear strength at 800°C. Conclusion: The calculated stresses
at 800°C after 40 years are well within the design capabilities of the source capsule.”

The document goes on to state that, “No deterioration of the product which would affect the
integrity of the product in use or in transport accident conditions as defined by IAEA Special
Form Material definitions were noted during inspection. On the basis of this design review, the
inspection results and the pressure calculation it is recommended that the RWL is extended to 40
years.” To document this extension a certificate of radioactive source working life extension
was issued for the XN240, as documented in RLC519, Issue 1 on 12 October 2001.”

Since the special form tests requirements for IAEA and the US DOT are almost identical, under
the conditions of the US CFR173.469 QSA Global model XN240 sealed radioactive sources are
special form for at least 40 years after manufacture.

It is instructive to note that a safety factor of “9” exists after 40 years of XN240 source decay.
The ASTM pressure vessel code requires only a safety factor of “4” for metallic pressure vessels
like the XN240. An additional 5 years of decay for the earliest XN240 source would only
decrease the overall mechanical safety factor by an additional 1.4%, for a total of 12.7% of the
yield strength at 800°C, and a safety factor of “8.”

This additional time (5 years) should be used as a buffer to ensure removal of the earlist-
manufactured XN240 sources from the licensed environment. Therefore, in my engineering
judgment, all model XN240 sealed sources meet special form requirements for U.S.-domestic
shipping purposes.

After February 2015, all XN240 sources should be examined for their relationship to the 40-year
working life in order to establish special form character for transportation purposes.

JAT/ml

Attachments:
- COCA for QSA-Global XN240, USA/0726/S-96, Rev. 0, including Industrial Dynamics
drawing No. 06110
- Design Review for Extension of Recommended Working Life Product Code AMCQ505
for Industrial Dynamics, DRAMCQ505: Issue 1
- Certificate of Radioactive Source Working Life Extension, RLC519, Issue 1

OSR File, MS J552
N-3 File, MS D541
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U.S. Department 400 Seventh Street, S.W.
of Transportation | AEA CERTI FI CATE OF COVPETENT AUTHORI TY Washington, b.€. 2050
Pipeline and SPECI AL FORM RADI OACTI VE MATERI ALS

Hazardous Materials CERTI FI CATE USA/ 0726/ S-96, REVISION O

Safety Administration

This certifies that the source described has been denonstrated to neet the
regul atory requirenents for special form radioactive material as prescribed
in the regulations of the International Atom c Energy Agency! and the United
States of Anmerica? for the transport of radioactive material.

1. Source ldentification - QSA G obal, Inc. Mdel XN240 (Manufactured on
or after May 25, 1982).

2. Source Description - Rectangular single encapsulation rmade of
stainless steel and seal wel ded. Approxi mate outer dinensions are
34.93 mm (1.375 in.) in height, 50.01 mm (1.969 in.) in depth, and
114.3 mm (4.5 in.) in length (shutter open or closed) including the
attached extension and knob. M nimumwall thickness is 0.13 nm (0.005
in.). Construction shall be in accordance with attached Industrial
Dynam cs Co., LTD. Drawi ng Nos. 06110, Rev. 7; and 06110-1, Rev. 4.

3. Radi oactive Contents - No mnmore than 3.7 GBg (100.0 nC) of
Areri cium 241. The Am 241 is in the form of an oxide incorporated
into a ceram c enanel .

4. Quality Assurance - Records of Quality Assurance activities required
by Paragraph 310 of the | AEA regul ati ons! shall be nmintai ned and nmade
available to the authorized officials for at |least three years after
the last shipnent authorized by this certificate. Consignors and
consignees in the United States exporting or inporting shipnments under
this certificate shall satisfy the requirenments of Subpart H of 10 CFR
71.

5. Expiration Date - This certificate expires on March 31, 2011.

1 "Regulations for the Safe Transport of Radioactive Material, 1996
Edition (Revised), No. TS-R-1  (ST-1, Revi sed) , " published by the
International Atom c Energy Agency(lAEA), Vienna, Austria.

2 Title 49, Code of Federal Regulations, Parts 100-199, United States of
Aneri ca.



(- 2-)
CERTI FI CATE USA/ 0726/ S-96, REVI SION 0

This certificate is issued in accordance wth paragraph 804 of the |AEA
Regul ations and Section 173.476 of Title 49 of the Code of Federal
Regul ations, in response to the Decenber 16, 2005 petition by QSA d obal,
Inc., Burlington, MA and in consideration of other information on file in

this Ofice.

Certified By:

//? Mar 16 2006

( DATE)

Robert A McQuire
Associ ate Administrator for Hazardous Materials Safety

Revision 0 - Oiginal issue.
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Fand Sat Assurance

Design Review for
Extension of Recommended Working 1ife
XN240 Capsule; Product Code AMCQ505 for Industrial Dynamics

Reviewed By: B J Senior

Checked By: M. Shegpasson | Date: [7-4-2000

Approved By: J) (3 b 45 Date: 17 "'\'E""ZG’?J'C)
Design
%G‘a/z,wm‘ Date: 17. q.. 20e0
Quality Assurance

Summary:

An extension of the Recommended Working Life from 30 years to 40 years is

recommended on the basis of this review, inspection of samples following use in
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DRAMCQ505: Tssue 1

Preliminaries

This Design Review has been carried out at the request of Industrial Dynamies
who have provided the samples for inspection and condjtions of use data,
Initially, an extension of the Recommended Working Life (RWL) from 30 years
to 40 years is sought for their application.

Product Description

Product Code AMCQ505 US Model No: Not registered by QSA
Capsule Type XN240

Application

This source design is used in devices installed in beverage and food plants as
density gauges for the measurement of fill levels in various container types.
Ingress of eontamination to the gauge is prevented by the use of air purge
Systems.  The gauges are typically mounted in clean, non-corrosive
environments at ambient temperatures in the range 100C to 38 °C. 'The
equipment is mounted to the floor to reduce vibration to a minimum.

The BS/ISO/ANSI performance recommendation for these applications is
33222,

Specification

The AMCQ505 is specified on its product specification sheet issue 2 dated 5
February 96

In summary the key product Performance related data is:-

Activity: 3.7 GBq (100 mCi) Maximum

Output: (60 KeV) 45 X 10° to 60 x 10° photons /sec/steradian.
ISO/ANSI Rating: C64634 QCS: 519 Issue: 7
Special Form: GB/070/8-85 QCS: 382 Issue: 8

Customer's own drawings as follows

Drawing GA: © 06110 issue 7,
or 06110-1 issue 4
or 06765 issue 5
Details: 04568 issue 7
04565 issue 3
06930 issue 3

Page 2 of 5



DRAMCQ505: Issue 1

Manufacturing and Test Procedures

The applicable manufachring and test procedures are:-

MP 086 Industrial Dynamics Sources Code AMCQ505
MP 378 Manufacture of Am-241 sources

QCP 039 Visual Examination of welds

QCP 054 Cleaning of source capsule components
QCP113  Helium leak test

QCP 116 Visual examination

QCP 130 Wipe Test Protocols

QCP 131 Immersion Testing

RS 841 Route card

HI 001 Handling Instructions

A veview of these procedures indicates that no changes have been made on up
which materially changes the performance or functionality of the product.
Changes that have been made have been for operational reasons or for increased

clarity.

Evaluation of Product ex Use,

Two sources serial numbers 150 and 162 with a history of use of 20 and 10 years
in service respectively were provided by Industrial Dynamies for evaluation.

6.1  Historical Use Data

The sources that were Inspected were supplied in 1970. Approximately
6500 gauges of this design have been installed world wide over the past
30 years.

6.2  History of Use Records

Over several million hours of operating time there have been no
instances of failure in the integrity of the source housing or signs of
deterioration of the sources.

During the initial 25 years or so the sources were leak tested every six
months. No leakage has ever been reported. Op the basis of this data the
US NRC extended the leak test period to 36 months. Industrial
Dynamics maintained a record of all sources shipped by them with
maintenance and wipe test data where this is available.

Page 3 0f5



DRAMCQ505: Issue 1
6.3 Inspection

Inspection by Nycomed Amersham consisted of visual examination,
wipe, immersion, He pressurisation leakage, and vacuum bubble tests.

Procedure Issue Title
QCP 113 6 Helium pressure test
| QCP 116 2 Visual examination
QCP 130 7 Wipe test
QCP 131 6 Immersion test

Both sources passed all tests. The wipe test results were 0.01 nCi and the
immersion test 0.18 nCi. Details of the test results are given in QATM
205. There was no evidence of mechanical damage and both sources
were considered to be equivalent in appearance and condition to current
‘as manufactured product’

Customer Feedback

There are no records of problems connected with this application of the product
in the Customer Feedback files. ‘

Design Assessment for Extended RWL.
Radiation damage is not a consideration at the low dose rates involved.

The key feature of the design that requir&s assessment is the effect of internal
pressure resulting from the build up of helium from alpha particle decay.

The bursting pressure for the window bas been determined experimentally at
ambient temperature as 7500psi (51.7MPa) ref. QATM 053 issue 1. This is in
agreement with the calculated bursting pressure using:

P=2tc /b - ()
where t = window thickness, b = window width

Caleulations have been performed for 40 years for a source containing 100 mCi
of Americium-241,

In summary the results after 40 years are;-

Internal void volume = 33.9 mm3
Internal pressure at 800 °C after 40 years = 0.31MPa
Stress in Capsule window (eqn. 1) = 14.8 MPa
Percentage of UTS = 8.7 %
Weld stress at 800 °C = 9.52 MPa
Shear stress as percentage of shear strength = 11.2 %

Conclusion: The calculated stresses at 800°C after 40 years are well within the
design capabilities of the capsule.

Page 4 of 5



9.

- DRAMCQ505: Issue 1

RWIL, Assessment Conclusions and Recommendation
Sessstasment Lonclusions and Recommendation

No deterioration of the product which would effect the integrity of the product
in use or in transport accident conditions as defined by the TAEA Special Form
material definitions were noted during inspection.

On the basis of this design review, the inspection results and the pressure
calculations it is recommended that the RWL is extended to 40 years. '

Page50f5



Tel +44 (0)1235 431267

Fax +44 (0)1235 431280
CERTIFICATE OF RADIOACTIVE SOURCE RLC 519 Issue 1
RECOMMENDED WORKING LIFE EXTENSION
Title : Americium-241 Low Energy Gamma Source
Assembly Code : XN240
Assembly Drawing 1 06110 (Industrial Dynamics)
Radionuclide H Am-241
Nominal Activity : 3.7GBq (100mCi)
Classification : DS 5288, ISO/94ANSINT 64634
Recommended Working Life t 40 Years
Effective Date : Date of manufacture of each source
Customer : Industrial Dynamics Co Lid
Application : Fill level gauges
Product Approved : AMCQ505.
Basis for extended RWL: Design review DRAMCQ505 Issue 1.
Ao~ 12~ 0of
Date
Date
AEA Tedmology pic registared office
RS 850 e 3 - Page 1 of 2 326 Hurwell, Didoot, Oucfordsbins OX11 0RA.
Registered in Enplaid und Wales,
mamber 3095862 '
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