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Septenber 14, 1988
GEN-1270

U.S. Nuclear latory Camission
Medical, , and Camercial Use
Safety Branch (Mail Stop OWFN-6H3)
ATIN: Mr. Michael Lamastra

Washington, D.C. 20555

Subjuct: Control No. 019643; Submittal of an Bxganded Appendix 5.0
to General Atamics’' Application for License to Distribute
Irradiated Topaz

Reference: KA ith E. Asmussen letter GEN-1266 to U.S. NRC Medical,
Academic, and Commercial Use Safety Branch, AIIN: Mr.
Michael Lamastra, dated September 9, 1988

Dear Mr. Lamastra:

As know, General Atamics (GA) recently submitted the referenced

application for a license authorizing the distribution of irradiated
topaz to sons exernpt from regulation. while we were finalizing

that s ttal, we were also nearing the completion of a test run of
our system for assaying large samples of tones. This system was
described in 5.0 to our application. Important results from
this test run have just become available.

In order to make the information contained in our acplication as
carplete as sible, we have expanded Appendix 5.0 to include a
summary and discussion of these results. The Appendix 5.0 submitted
with our referenced application should be replaced by the ¢ amplete
expanded version which is enclosed.

We apologize for the inconvenience caused by this late change to
Appendix 5.0,

If you should have any questions or need any additional information,
please co not hesitate .. contact me at (619) 455-2823 or Drs.
Whittemore or Razvi at (619) 455-3277.

Very truly yours,

Gl € Lovissose

Keith E. Asmussen, Manager
Licensing, Safety and
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APPENDIX 5.0

Assay of Large les of Cemstones
u-nqmn-omx:?-ummm

The Ge(Li) (or equivalent HpGe) high resolution detector used in the
determination of radionuclide concentrations in irradiated gemstones is
mounted on a vertical cryostat. The available detectors have gamma sensi-
tivities ranging between S and 20 percent. The diameters of the outer con-
tainer will vary between 2.75 inches and 3.0 inches.

The design of a holder for the assay of a large nurber of gemstones in
Step K1 (Figure 1 of Application) (eg., "50 l-gram stones) is based on ex-
perimental measurements made with a specially assembled source containing
approximately 0.08 uCi Cs-13.7 (662 keV) and 0.13 uCi Co-60 (1173, 1333
keV). The source holder for these measurements was a .mall polyethylene
cap with irside diameter of about 8 ma and about one-half millimeter
thickness between the source and the gemstone holder. A survey was made in
four quadrants and at various heights to arrive at the curvature shown in

Figure 1.

The relative sensitivity as a function of position is 44% of “he sensi-
tivity for a single stone placed in the usual locat ion used for measuve-
ments on a single stone. The value (44%) is an aver ige at each location of
the sensitivities for the gamma rays fram cesium and cobalt.

A test run for 44 gemstones weighing about 50 grams was made using the
large sample holder. Tables 1 and 2 present the pertinent Ge(lLi) data. In
addition to the routine isotope callouts (Table 1) thy spectroscopist pro-
vided results of his inspection and additicnal calculations that also iden-
tified weak Co-6u and 2n-6% components (Table 2). The absence of addi-
tional gamma lines for Bu-154 4 Se-75 allowed the spectroscopist to line
out these possibilities. A summary of the results was darived by the
spectroscopist from Tables 1 and 2 and is given below:




Nuclide nCi/g 10 CFR30.70 Ratios
Limits (nCi/g)
Ta-182 50 x 103 0.40 0.125
Sc-46 2.7 x 10-3 0.40 0.0068
Mn-54 3.9 x 103 1.0 0.003%
Co-60 0.7 x 10-3 0.50 0.0014
Zn-65 1.7 x 103 1.0 0.0017
C.-134 2.3 x 103 0.09 0.026
Na- 22 2,7 x 10-3 (1.0} 0.0027

*See. discussion below.

L= 64 x 10-3 ‘-‘%‘- L= 0.167 ¢ 1.00

These data cdemonstrate that for this batch, the "sum of ratice" is less than
unity, with a total specific activity of 0.064 nCi/g. It 1s also apparent
that stones with this same distribution of radicactive camponents could have
specific activity as large as 0.383 nCi/g and still satisfy the release cri-
teria - i.e.,

-gfgg,- X 0.064 = 0.383 nCi/g

This maximum specific activity i. z.lled Ly,y as used in Bquations S and 6
on page 27 of the Application.

The assay methodology using a large holder with approximately S0-gram

sanples of gemstones for the Ge(Li) count (Step K1) ha: improved the sensi-
tivity of detection level for the minor radicactive camponents in the
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stones, Simultaneously, this has increased the possibility of identifying
isotopes (at these very low levels of concentrations) not previously found
in assays of one-gram samples. Furthermore, this increases the likelihood
of finding an occasional isotope not included in Schedule A of 10CFR30,70.
The “catchall® level of 10-6 uCi/gram is considered inappropriate for this
application because it is arbitrarily small. Consider the case of Na-22
which is an isotope not listed in Schedule A and found at a leve. of 2.7
picacurie/gram in the reported data. In the following we illustrate a
suitable approach for handling this and similar cases that may arise in the
future.

In the particular case of Na-22, it is omitted from Schedule A even
though it can be produced by nuclear reactors. This is well known to
workers experienced with sodium cooled reactors. Its threshold for (r, 2n)
production is about 12.5 Mev with the cross section as a function of neu-
tron enerqy given in BNT-325 (1). The fraction of all fast neutrons from a
reactor fueled with U-235 above about 13 Mev is 1,103 x 104 (2). Si.ce
the fast flux at the location of the gemstone irradiation is about 1012 ny,
the portion of this fast flux suitable for this (n, 2n) reaction is about

¢ (E> 13 Mev) = 1.1 x 108 n*.

An activation of 2.7 x 10~3 nCi/grams corresponds to an activation of
* 5.0 dps for the 50 gram saple of stones:

693t
At o) 6 1o TR L

where Act = activation of Na-23 to produce Na-22,
(No) is the number of atams of Na-23 in the 50 gram
sawple of stones, and ¢ is the effective (n, 2n)
cross section,




o = 1.1 x 108 nv, and
t = 4 weeks or 0.077 yr.
r 1/: - 2-‘ Yro

From equation (1) we see that
(No) = 2,24 x 106 am2,

If the average cross section above 12.5 Mev were as small as 1 millibarn,
then N = 2.24 x 1021 atoms of Na-23 (~ 90 milligrams). A more reascnable
average cross section might be as large as 10 millibarns, for which the

mass of Na-23 would be only 9 milligrams. To find such a small admixture
of Na-23 (9-90 milligrams) in a 50 gram s .ple of stones cannot be consid-
erea unreasonable, although it is unusual from all past experience.

The question now arises on how to arrive at a reasonable 10CFR30.70
limit for the Na-22 isotope. As demonstrated above, Na-22 can be produced
by reactors fram Na-23 and the- *fore, should be listed in Schedule A. To
arrive at a suitable limit fc this application, we have coarpared its gamma
and beta radiation with other isotopes prassent and which may have similar
half lives and/or emissions. These are compared in the following listing:

Isotope Ty /2 v Energies Brax 30.70 Limits

(keV) (Mev) nCi/g

0.32 yr 59, 67, 1121 0.522 0.40

1189, 1221

2.8 yr 176, 428, 601, 0.612 1.0
636

243.8d 1116 gt 0.328 1.0

83.3d 889, 1120 0.357 0.4

2.6 yr S511, 1275 g* 0.545 —




For the case of Na-22 we first note that it cannot be ingested or in-
haled because it resides within the conpletely insoluble topaz crystal.
Next, we note from the above listing that on the basis of half life, Na-22
most. nearly matches Sb-125 with a release limit of 1.0. We also note that
the 1275 keV line of Na-22 matches the 1116 keV line of 2Zn-65 which also
has a release limit of 1.0. Further, the range for positrors with Ep., of
545 keV that are emitted by Na-22 is very much the same as the betas from
the far more prevalent isotope, Ta-182, as well as Sb-125., In other words,
even the smallest stones are infinitely thick for the Na-22 positrons.
Because of the similarities in the half lives and emitted radiations
between Na-22 and Sb-125, we believe a reasonable release limit for this
minor component can be taken as that for Sb-125, i.e., 1.0 nCi/g.

References:

1. Neutron Cross Sections, BNL-325, Vol. 1, Suppl. 2, Second Edition

(May, 1964).
2. H. Etherington, Ed., Nuclear Engineering Handbook, First BEdition
(19%8), p. 7-91.




1%

surface of revolution accamodates about S0
] gram stones, For this bholder the detector has
about 448 of the sensitivity for a single stone
placed at the usual (7.5 mm) position. Measured

sensitivies are shown.

Fig. 1. &u:ch roughly to scale showing dame shaped holder.
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MATERIALS LICENSE

8 Pursuant 10 the Atomic Energy Act of 1954, as amended. the Energy Reorganization Act of 1974 (Public Law 93 438). and Title 10,

Code of Federal Regulations, Chapter 1, Parts 30, 31, 32, 33, 34,35, 40 and 70. and in reliance on statements and representations
j hereiofore made by the licensee. a license 1s hereby issued authonzing the licensee 1o receive, acquire, possess, and transfer by product,
| source, and special nuclear material designated below, to use such material for the purpose(s) and at the place(s) designated below  to
R deliver or transfar such material to persons authorized 1o receive it in accordance with the regulations of the applicable Part(s) This
| license shall be deemed to contain the conditions specified in Section 183 of the Atomic Energy Act of 1954, as amended, and is
subject to all applicable rules. regulations and orders of the Nuclear Regulatory Commission now of hereafter in effect and 10 any

g conditions specified below

dor 2
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" I
of |
J} ' Genera) Atomics | 3. License number 04-14395-02€

-l 'o Oo aOl ‘5‘0‘ ‘

% " San Diego, California 92138 I oy Wl P el

: -4 Expination date October 31, 1993
» R o aam maemm
d , - i “ Reference No. o 930'2_9)7’_7 o IR
l 6. Byproduct, source, and/of 7. Chemical and/or physical & Maximum amount that licensee

special nuclear matenal form may possess at any one time
~under this license
! A. Any byproduct material A. Irradiated processed A, Not applicable
q with atomic numbers topaz

1 between 1-83

:' 9. Authorized use

A. In accordance with Section 32.11, 10 CFR Part 32, distribution of processed topaz
containing byproduct material to persons exempt from licensing pursuant to
Section 30.14, 10 CFR Part 30 or equivalent regulations of any Agreement State.

CONDITIONS
J 10. Lirensed material shall be distributed only from the licensee's facilities
located at 10955 John Jay Hopkins Drive, San Diego, California, :
s 11. Licensed material shall be distributed by, or under the supervision of '
§ Or. Junaid Razvi or Dr. William Whittemore.
:: 12. This license does not authorize possession or use of licensed material,
-i 13. A. The licensee shall file periodic reports as specified in Section 32.12,
1 10 CFR Part 32. !
B. The licensee shall file a report by November 1, 1989 and a new report at
4 intervals not to exceed 14 months, 1isting the names and license numbers
. of all specific licensees to which the licensee has transferred irradiated
- gems pursuant to Section 30.41 of 10 CFR Part 30. lq
AT LT AL LA LY T ALY LAY L RN
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MATERIALS LICENSE  (A-4398-028
SUPPLEMENTARY SHEET ﬂ‘:‘"“r‘"‘o“;a‘iﬁ R

SPSTESPRCAP- . NN -k SY

CONDITIONS

14. Notwithstanding the requirements of Sectien 32.11(c) of 10 CFR Part 32,
the licensee may use the approach described in Appendix £.0 "Assay of Large
Samples of Gemstones, Using High Resolution Semiconductor Detector*
contained in its September 14, 1988 letter, to assign maximum concentration
values for isotopes not included in Schedule A of 10 CFR 30,70, except for
Na-22 which shall be 0.4 nanocurie per gram,

15. Notwithstanding the reguirements of Section 32,11(c) of 10 CFR Part 32, the
licensee may distribute processed topaz for the purpose of being worn by human
beings.

16. Except as specifically provided otherwise in this license, the licensee shall
conduct its program in accordance with the statements, representations, and
procedures contained in the documents including any enclosures, listed below.
The Nuclear Regulatory Commission's regulations shall govern wnless the
statements, representations, and procedures in the licensee's application and
correspondence are more restrictive than the regulations.

A. Application dated September 9, 1988,
B. Letter dated September 14, 1988,

FOR THE U.S. NUCLEAR RESULATCRY COMMISSION

-

© DeT12 19 . ',2,‘.:—;,7-.-
TE gy AT

““WedTcaV, Kcademic, and Commercial Use
~—— Safety Branch

Division of Industriz’ and Medica)
Nuclear Safety, NMSS
Washington, D. C, 20885
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