
Radiation Safety Associates, Inc.
19 Pendleton Drive, PO Box 107 * Hebron, CT 06248

January 9, 2014

Sean Chapel
International Radiation Safety Consulting, Inc.
7 Cabot Place, 3rd Floor
Stoughton, MA 02072

Dear Mr. Chapel,

At your request I have addressed the three areas in which NRC wanted additional information.

1. In unlikely scenarios of misuse, including those resulting in direct exposure to the unshielded
source removed from the device for 1,000 hours at an average distance of 1 meter, a person
will not receive an external radiation dose in excess of 100 mSv (10 rem).

The device in question contains 15 millicuries (370 MBq) of Ni-63, a pure beta-emitting
radioisotope with beta Emax = 0. 0669 MeV.

According to the beta particle range-energy curve', a 0.0669 MeV beta particle will be
completely attenuated by a density-thickness (or range) of 5 mg/cm2. The density-thickness
of 1 m of air is calculated below.

Density-Thickness = p x f. Thickness (f) = lm = 100 cm.
1.225 mg 100 Cm = 122.5 mg
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Bernard, p. 184.
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Since the density-thickness of I m of air is greater than the range in air of Ni-63's Emax energy
beta particle, there would be zero dose delivered to a person at a distance of 1 meter, no
matter how long the exposure time.

2. In unlikely scenarios of misuse, including and those resulting in dispersal and subsequent
intake of 10' of the quantity of byproduct material, a person will not receive a committed
dose in excess of 100 mSv (10 rem).

Dispersal and intake of 15 mCi x 10-4 = 1.5 [tCi. The most restrictive ALl value2 for Ni-
63 is 8E+2 gCi (800 ptCi) for the vaporous form. Using a proportionality, 800 pLCi is to 5 rem
as 1.5 tCi is to x, the following equation results:

800 ,Ci 1.5 uCi
5 rem x

Cross multiplying and solving for x we get
(5 rem)(1.5 puCi)x = = 0.009 remn

800,pCi
The intake by inhalation of 1.5 jiCi of Ni-63 in vaporous form would result in a committed
effective dose equivalent of 0.009 rem, which is less than 10 rem.

3. If the unshielded source is small enough to fit in a pocket, show that the dose to localized
areas of the skin averaged over areas no larger than 1 square centimeter from carrying the
unshielded source in a pocket for 80 hours will not exceed 2 Sv (200 rem).

The unshielded source is small enough to fit into a pocket.

Nickel 63 decays to stable Copper 63 (Cu-63) by emitting a beta particle. No direct photon
radiation occurs during this transformation. The Emax energy of this beta particle is 0.0669
MeV and the Eav energy is 0.01713 MeV). The yield of this transformation is 1.0 and there
are no radioactive daughters to consider.

Inspection of the Beta Particle Range-Energy 3 Curve (below) shows that a Ni-63 beta
particle, even at the maximum particle energy (yield approaching 0) will not penetrate a2
density-thickness of 7 mg/cm . NRC accepts 7 mg/cm- as the density-thickness of the
stratum corneum or outermost layer of the epidermis, consisting of dead cells. Therefore,
even with a Ni-63 source in a person's pocket, no shallow dose and no deep dose would be
delivered.

2 10 CFR 20 Appendix B, table 2, column 2.
3 After "The Health Physics and Radiological Health Handbook," Revised Edition, copyright 1992 by Schleien,
Bernard, p. 184.
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If there's anything else I can help you with, please let me know.

Sincerely,

K. Paul Steinmeyer, RRPT
Senior Health Physicist
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