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AA. Information to Support Request for Exemption from Portion 10 CFR
32.11(c)

1f NRC considers gemstones to be products intended for application to
human beings, then an exemption from this portion of the requirements in 10
CFR 32.11(c) is reguested. The level of radiation emitted from these
gemstones is of insignificant health risk to unlicensed persons.

The following dose calculations have bee. based on topaz (= 3.5 g/cm?)
with the assumption that the gemstone is a sphere having a homogenous exempt
concentration for one isotope at first day of wear. Calculations are made
considering a worst case scenario which is conservative but realistic in its
estimate. An NRC required assumption for these calculations is that the
gemstone is worn 24 hours per day, 365 days per year. The dose for the first
year of wear is calculated using the initial dose rate and accounting for the
decay of the radioisotope.

Three geometries are considered for the external dose c*lculations. In
all calculations, a gemstone of five grams is assumed to provide the
largest reasonable total activitv for a ¢ nstone worn for the prescribed time
period.

Geometry 1 --The first geometry considered has the gemstone in
contact with the skin (see Figure 1). The shallow dose is
determined for one point assuming the gemstone is above this
point 15% of the time. This geometry is designed to sim:late
a pendent setting for the gemstone. Dose due to beta,
conversion electron, and gamma radiations are estimated where
applicable.

Geometry 2 --The second geometry considered has the gemstone in
a setting, fixed at one point three millimeters above the skin.
This geometry is designed to simulate a ring or earring
setting. Shallow dose is determined from gamma radiation only.
Betas and conversion electrons are assumed to be absorbed by
the setting.

Geometry 3 --The third geometry considered has the gemstone
fixed at one point. The deep dose is determined from gamma
radiation only at a point four centimeters below the skin.

Beta dose estimates are calculated using assumptions which simplify the
equation but still provide conservatism. Not all of the betas emitted from
decay in the gemstone can escape. Therefore, only that amount of activity on
the surface of the gemstone that allows this escape is considered in the
beta dose calculation. The depth from which betas are assumed to emerge is
that Zistasnce, based on the stopping power of the average beta energy, which
would reduce the average beta energy to 70 keV, the energy of beta which can
no longer penetrate the dead layer of the skin.!

IThe Health Physics and Radiological Health Handbook, B. Shleien and M.S.
Terpilak (1984, p. 35.



One half of the betas are assumed to be emitted perpendicular .0 the surface
of the gemstone. The beta emissions are in reality isotropic and have a
greater probability of being absorbed in the gemstone. This irradiation
geometry assumed for the beta dose calculation is described 1n Figure 1. Only
that section of the outer gemstone layer which can emit betas capable of
penetration to a depth of 0.007 cm below the surface of the skin is considered
in the dose calculation. The surface area of irradiated skin is defined by
the radius, rp. No attenuation of the betas leaving the stone layer is
assumed and each beta is assumed to be at the average beta energy. In
calculating the first year beta dose, all the energy of the emitted betas is
assumed to be deposited in the first gram of live tissue beneath the area of
the irradia.ed skin surface. The contribution of conversion electrons to the
shallow dose estimate are included by modifying the average beta energy and/or
the branching ratio where significant contribution is expected.

Gamma dose estimates are made assuming that no attenuation of the gammas
occur in the gemstone and setting, or in traveling through tissue. The yamma
flux is calculated for a point, "a" cm from the center of the gemstone, and
assuming the gemstone is a hom ~ Jous spherical source. The gamma dose 1is
estimated from determining the total exposure at that point from the gemstone
and assuming one roentgen is equal to one rem.

Equations used to calculate the dose estimates for the three geometries,
based on the assumptions given above, are listed in Tabie 13. Input data for
these equations are listed in Table 14 for the radionuclides found in MURR
irradiated topaz which have not decayed away prior to release to unlicensed
persons. An example calculation for (s-134 is worked in Appendix A. Summary
of the first year dose estimates for the three geometries is given in Table
15,

Considering the conservative assumptions, the dose estimates show that
tne wearing of gemstones adds little significant dose above background
levels. The highest dose estimates were calculated for a gemstone having an
exempt concentration of Co-60. This is the highest possible dose due to
wearing a gemstone limited to exempt concentrations because the additional
limit for the "sum of the ratios" must be below unity.

Data from recent NCRP Reports are used to assess the health risks to
unlicensed persons. MNCRP Report No. 91, “Recommendations on Limits for
Exposure to lonizing Radiation" (1987), recommends 5 rem/year as the shallow
dose limit for nonoccupational exposure to members of the public. The highest
shallow dose estimate for a 5 gram gemstone wit) exempt concentration of Co-60
is 307 mraem, or 6% of the recommended 1imit. From NCRP Report No. 93,
"lonizing Radiation Exposure of the Population of the United States" (1987),
the canual effective dose equivalent in the U.S. from all sources is estimated
to be 360 mrem/year (1 mrem/day), of which 83% is due to natural sources and
15% due to medical exposures. The actual doses can vary by 70 mrem/year,
based only on differences in location. From NCRP Report No. 95, "Radiation
Exposure of the U.S. Population from Consumer Products and Miscellaneous
Sources" (1987), the average annual effective dose equivalent to the U.S.
population from consumer products range from 6 - 13 mrem. Considering that
these averages and variances are based on deep dose extimates, additional
doses from wearing gemstones released under the MUKR gemstone analysis
criteria are well within these variations. Because there hive been no



observed health effects due to variations in annual dose from natural sources
or consumer products, the health risk of wearing jewelry containing these
gemstones is negligible.

B2, Information to Support Request vor Exemption for Isotope Specific Exempt
Concentrations Not Listed in 10 CFR 30.70

Four radionuclides found in MURR irradiated topaz do not have isotope
specific entries in 10 CFR 30.70. An exemption is requested to develop
isotope specific exempt concentration values by the same method existing
values for exempt concentration were determineq and apply these new isotope
specific exempt concentrations to the MURR gemstone release criteria.

The exempt concentration table (10 CFR 30.70) was developed in the early
60s from calculations made by ICRP Comm:itee II on MPC values in water for
occupational exposure for a 168 hour week.2 Three radionuclides foumd in MURR
irradiated topaz (Na-22, Ce-139, ar2i Pa-233) are restricted by the generic
limit (le-6 wCi/g), and one radionuclide (Ba-133) is not restricted by any
entry in Table 30.70. With the advent of isotope specific data in the
Proposed Change to 10 CFR 20, exempt concentrations for these radionuclides
can be determined utilizing their corresponding ALIs and Reference Man data.

The isotope specific exempt concentration (C) is calculated as follows:

g's LAkt
130007 (3657

where, ALl = annual limit of intake for
ingestion (uCi/y)

3000 = daily water intake for Reference
Man (ml1/d)

65 = days per year

The results for this calculation are given below:

Isotope ALl C
(uCiZy) (uCi/g)
Na=22 800 e
Ba-133 2000 2e-3
Ce-139 5000 5e-3
Pa-233 1200 9e-4

The dose estimates for these radionuclides listed in Tatle 15 are based
on these calculated exempt concentrations. As noted in the previous section,
the limiting radionuclide in these dese calculations is Co-60. Because the
release 1imits based on exempt concentrations are also restricted by the “sum

-

2NRC Internal Memo from L.R. Rogers to J.R. Mason, cda.>d February 1, 1960.



of the ratios" being less than unity, utilizing the calculated exempt
concentrations for the radionuclides discussed here pose no additional dose
hazard to unlicensed persons.

¢C. Information to Support Request for Exemption from Exempt Concentration
Limits for Gemstones of less than 0.25 grams

As gemstone sizes decrease, determination of activity concentration in
each gemstone becomes more challenging. At some point, this determination for
small gemstones holds little value because the dose due to wearing the
gemstone is based on the total activity in the gemstone. An exemption from
the requirement that no one gemstone will have greater than twice exempt
concentration is requested for gemstones less than 0.25 g. Instead, gemstones
of less than 0.25 g will be sorted separately and released from the Nal count
based on the total activity in each gemstone being less than the total
activity in a 0.25 g gemstone with exempt concentration. The release batch
containing gemstones of less than 0.25 g would then be required to meet the
same exempt concentration limits .veraged over batch mass as do the larger
stones for the subsequent beta and HRGRS analyses.

As in the previous calculations, Co-60 at exempt concentration will give
the highest dose for a 0.25 g gemstone (radius = 0.26 cm). The first year
dose for Geometry 2 is estimated to be 46 mrem. A smaller gemstone having the
same total activity as this 0.25 g gemstone would give the sane shallow dose.
One setting may have multiple gemstones. Shallow dose from & multiple
setting, i.e. a broach, is considered for one point on the skin, 3 mm from one
gemstone (46 mrem/gemstone), 6 mm from 6 gemstones (19 mrem/gemstone), and 8.4
mm from 12 gemstones (11 mrem/gemstone). The first . -ar shallow dose for this
combined 4.75 g of gemstones :s then estimated to be 292 mrem, or
approximately the same as for a single 5 g gemstone. Release criteria for
gemstones less than 0.25 g as requested above will result in no additional
dose risk to unlicensed persons.
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TABLE 13 EQUATIONS I'5ED FOR DOSE ESTIMATE

BETA

Eqn Bl: 8 = 90 - arcsin 0,007
2

where, © = angle defining volume of stone layer (degrees)
Rp = range of Eaye beta in tissue (cm)
0.007 = average thickness for dead layer of skin (cm)

Eqn B240: v =.g¥ (1-cos 8) [ry3-(r1-Ry1)?]

where, V = volume of stone layer (cm3)

*1 = radius of stone (cm)

Ry = depth for Eaye + 70 keV in stone (cm)

Eqn B3: A = Vepel
where, A = total activity in stone layer volume (dps)
p = density of stone (g/cm3)

C = exempt concentration (dps/g)

Eqn B4: Dgc = 1.38 + ABR « £, 0

?

wherz, Dge = initial contact dose r. '~ to first gram of tissue
below irradiated surface area (mrem/day)

BR = branching ratio for betas (g/dis)

-

Eave = dverage beta energy (MeV)

1.38 + (1.6E-6%79/MeV)(3600sec/hr)(24hr/d) (1E3mrem/rad)
g) (100erg/g-rad)

40Calculus and Analytic Gaometry, Part 11: "Vectors, Functions of Several
Variables, Infinite series, and Differential Equations," G.B. Thomas Jr. &
R ., Finney (1984), p. 927




Table 13, continued
Eqn B5: Dgc = Dsc (1-¢-3652) «
)

where, Dgo = contact dose for first year of wear (mrem)
) = decay constant for radioisotope (day=l)

m = movement factor, 0.15 Tor Geometry 1 and 1.0 for
Geometries 2 and 3

GAMMA
Eqn Gl41: ¢ = Cop r-Z rarry-(a2-ry12) ‘*'1
-~k a-r1

where, ¢ = initial flux at distance "a" (dps/cm2)

C = exempt concentration (dps/g)

p = densi.y of stone /g/cm3)

a = distance from center of stone (cm)
r1 = radius of stone (cm)

-

wi"Radiation Fields from Extended Sources (Emphasis on Contact, or Near
Contact, External Dose Estimates)," H.J. Moe, Health Physics Soczety
Meeting/Profess1ona1 Enrichment Program, P1ttsburgh PA, June, 1986



Eqn G2: Dy = 8.176-3+4°T

where, Dy = initial dose rate at distance "a"(mrem/day)

initial exposure rate at distance "a" (mk/day)

= X

> .

= 6.57E-5+ ¢ )fiE{ (uen/ )i
i
i = gamma emitted at energy Ej(MeV) for fi(y/dis)
fraction of decays

(uen/p)i = mass absorption coefficient for gamma i in air
(em2/g)

6.576-5 = (1.6E-6erg/MeV)(3600sec/hr)
.lerg/g-R)

r = gamma constant“2 for specific isotope <R-cm2 >

mLi=hr

= 193+ f{+E{(ven/ o)
3

X = 6457650407

8.17E-3 = 6.57E-5 (24hr/d)(1000mrem/R
Qepiet? (24hr/d)( /R)

42Introductinn to Health Physics, 2nd Ed., H. Cember, 1983, p. 148




TASLE 14. Nadionuclide Input Data for Dese Calcalations

Radioneciide ___Beta Data R e O ) e
Isotope Jecay la} Exempt (")  favelC) Branchingl{t) Range told) Range Eavel®) Gamma(f)
fadiations Conc (Mev) Ratio tave Mke¥ in Tissue Factor
Considered {pC1/g) (em) {cm) (R-cm

Major Radionuclides Found in MURR Irradiated Topaz

* Ha-22 8+.5 2.0-048)  0.218 1.00 0.018 0.049 12.00
Sc-46 8-,G 4.0-08 9.112 1.00 0.004 0.017 10.90
. 54 G 1.e-03 0.000 0.00 0.900 0.000(d) .
& 85 8+,5 1.e-03 0.143 9.02 0.008 0.025 2.70
Cs-134 B-.,6 9.e-05 0.157 1.00 0.909 0.030 8.70
Ta-132  B-,ce,6 4.e-04 0.125 1.30{1) 0.005 9.049 6.80
Additional Radionuclides Found in MURR Irradiated Topaz
Cr-51 6 2.e-02 0.000 0.09 0.000 0.000t1) 0.16
Co-58 8+,G 1.e-03 0.201 8.15 0.016 0.084 5.50
Fe-59 8-,G 6.0-08 0.118 1.00 0.004 0.018 6.40
Co-60 8-,6 5.e-04 9.096 1.00 6.002 0.013 13.20
As-74 8+ 8- .6 5.e-04 0.438  0.68 0.060 0.143 4.40
Sr-85 ce,6 1.e-03 0.499(h} o.01(1) 0.072 8.172 3.00
Rb-86 8-,6 7.e-04 0.667 1.00 0.195 0.255 0.50
¥-9i 8-,6 1.e-04 0.602 1.00 0.092 0.222 0.01
7r-95 8- .6 6.0-08 0.116 1.00 0.004 0.8 §.10
Nb-95 8-,6 1.e-03 0.043 1.00 0.000 0.000(d) 4.20
Sn-113 (In-113)ce,6 9.e-04 0.390(") p.35(1) 0.050 9.121 1.70
Sb-128  B-,G 2.e-04 0.378 1.00 0.048 0.116 9.80
sb-125  8-,6 1.e-03 $.087 1.00 0.001 0.011 2.70
Ba-132 ce,6 2.e-03{9) o0.320(0) o0.10{1) 0.037 0.090 2.80
Ce-13%2  ce,6 5.e-0313)  p0.156(2)  g.19(1} 0.009 0.029 0.6%
Ce-181  B-,ce,6 9.e-04 0.145 1.20(1) 0.008 0.026 0.34
Hf-181  B-,ce,6 7.2-08 0.119 1.20(1) 0.005 0.019 3.10
Ir-192  B-,ce.G 4.e-04 0.180 1.00(1 0.013 0.03/ 4.8G
Wg-203  ce,B 2.e-04 o.270lh} g.2311 0.028 0.070 1.30
Pa-231  ce,6 9.e-08(?) p.200(h) g.as(1) 0.016 0.044 0.86
%a) 8+ or - = beta, ce = conversion electron, G = gamma

(b) 10 cFR 30.70

{¢) Radioisotope Decay Tables, DOE/TIC-11026, D.C. Kocher (1981)

(4} Tntroduct: @“"lft_o diological Pnysics and Radiation Dosimetry, F.H. Attix (1986), based on stopping
powers listed on p. , borosilicae glass 15 ass approximate topaz.

(8) Ref. (d), p. 578, adipose tissie.

(f) The Healtn Phys.cs and Radislogical Health Handbook, B. Shieien and M.S. Terpilak (1984), p. 131 or
calculated -

{g) Calculated isotope specific exempt concentration. See Saction BB for expla-ation and request for
exemption.

(h) Beta cnergy modified to estimate contribution due to comvarsion electrons.

(1) Branching ratioc modified to estimate contribu.ion due to coaveision electroms.

(1) Eicher no beta emission, or beta and conversion electron energies too low to penetrate dead layer of
skin.




BRAFT

TABLE 15. Dose Estimates in First Year of Wear for 5 Gram Gemstone With
Radionuclide at Exempt Concentration

Geometry 1(2) Geometry 2(P)  Geometry 3(¢)
Radionuclide Shallow Dose Shallow Dose  Deep Dose
Bu'a Gamma Total Gamma Gamna
(mrem)  (mrem) (mrem) (mrem) (mrem)

Major Radionuclides Found in MURR Irradiated Topaz

Na-22(d) 18 85 103 209 8
Sc-46 0 28 28 68 3
Mn-54 0 65 65 160 6
In-65 0 34 34 84 3
Cs-134 1 13 14 33 1
Ta-182 1 22 23 54 2
Additional Radionuclides Found in MURR Irradiated Topaz

Cre51 0 7 7 17 1
Co-58 2 30 32 74 3
Fp-59 i 14 15 34 1
Co-60 1 125 126 307 12
As-74 8 3 11 ] 0
Sr-85 0 15 15 37 2
Rb-86 45 1 46 1 0
y-91 48 0 48 0 0
1r-95 1 12 13 30 1
Nb-95 0 12 12 29 1
Sn=113 33 13 46 31 1
Sb-124 11 9 20 23 1
Sb-125 1 48 49 119 5
Ba-133(d) 30 94 124 231 9
Ce-139(d) 7 31 38 75 3
Ce-141 ¢ 1 3 2 0
Hf~181 1 7 8 18 1
1r-192 3 11 14 27 1
Hg=-203 | 1 2 2 0
Pa-233(d) 2 2 4 4 0

(a) gemstone in contact with skin above dose point 15% of the time.

(b) Gemstone fixed at one point, 3 mm above skin.

(¢) Gemstone fixed at one point, dose calculated at 4 cm tissue depuh.

(d) Calculated isotope specific exempt concentration used in dos: calculation.
See Section BB for explanation and request for exemption.



FIGURL 1

G OMITRY ASSUMID FOR BETA DOS[ ESTIMATI

% - volume of stone containing activity considered for
beta dose estimate

A - skin epidermis ry - stone radius

B - ski~ dermmis ry = radius of irradiated skin surface
R1 - depth for Eave -» 70 KeV
R2 - range of Fave beta in tissue

L1
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Example of External Dose Calculation for Genstones

External doses are calculated for a 5 g stone of topaz, assumed to be a
sphere and having the exempt concentration of Cs-134.

Stone size --

Density: p = 3.5 g/cm3

Stone Volume: Vs = 59 = 1.4 cm?
3.5g9/cm3
Stone Radius: ry = ( 3Vs )1/3
I

= 0,70 cm

Isotope param..ers =-sze Table 14 for input data

Halt-1ife: T1/2 = 2.06y = 752 day
A= 1n2 = 9,2 E-4 day~!
N/
Average B energy: Eave = 0.157 MeV
Branching Ratio: BR = 1.0 g/di,

Ranaz Eaye in tissue: Ry = 0.030 cm

Stopping power of Eazye in topaz:

$ = 2,63 MeV-cm2
9



Range to reduce Ezye + 70 keV:

Rl 2 Eave - 00070

e

= (03157 » 0.070) MCV

2
(2.63 ﬁg!&ﬂ_)(s.s g/end)

= 0,009 cm
Exempt Concentration: C =9 E-5 £i/g
= 3,33 dps/g

GLamma Factor: r= 8.7 R-cm?2
mCi=hr

g Dose Calculation -- Geometry 1

Determination of amount of stone (stone layer) emittinyg @s which are
considered to contribute to skir dose (see Figure 1 and Table 13).

Angle of g radiation, Eqn Bl:

8 = 90° - arcsin (0.07 cmy
0.03 cm

= 76.5°
Volume of stone layer, Eqn B2:

V= g_ﬁ (1-cos 76.5°) [(0.7 cm) 3-(0.7cm=0.009¢m) 3]

= 0,021 cm?
Activity in stone layer, Egn B3:
A = (0,021 ¢m? 13.5g/cm3)(3.33 dps/g)
= 0.24 dps
Dose to first gram of live skin tissue defined by ¢, assuming half of gs

emitted escape perpendicular to the stone surface, all gs have energy of Eaves
and no additional attenuation from stone or jead layer of skin occurs, Eqgn B4:



6 = mrem=sec (0.24dp$)(1 B/C“S)'
e ) 7 (0.157MeV/ g)

= 0,026 mrem/day

First year integrated dose, Eqn B5:

Dgc = (0.026 mrem/day) [1.e -(365 day)(9.2E-4 day'l)] (0.15)
(9.2 E~4 day-1)

= (0.026 mrem/day)(310 day) (0.15)

= 1 mrem

Gamma Dose Calculation ==

Geometry 1: Gemstone at contact, shallow dose,
a=r;=0.7¢cm
Flux, Egn Gl:

s = (3.33 dps)(3.5 g/cm3) [2(9,7cm) %(0)]
(4770, Tem)

= 4,1 dps/cm?
Garnma dose rate, Egn GZ:

Oy = (8.17€-3 m-rem-mCi-hr)(a,1 dps/cm2)(8.7 R=cm? )
R-dps-day mCi=hr

= 0,29 mrem/day

First year integrated dose for stone at one point on skin for 15% of time (see
Eqn B85):

Dy = (0.29 mrem/day)(310 day)(0.15)

= 13 mrenm

Geometry 2: Gemstone at 3 mm from skin surface, shallow dose

a=ry+0.3=1.0cm



Flux assuming no gamna attenuation from setting, Egn Gl:

¢ = (3.33dps/g)(3.59/cm3) [(2)(1)(0.7)=(120.72)1n 1407 Jem2
(4)(1.0cm) 1-0.7
= 1.5 dps/cm2
Gamma dose rate, Egn G2:

Dy = (8.17€-3 mrem-mCi=hry (1,5 dps/cm2)(8.7 R-cm? )
R-dps-day mCi-hr

= 0.11 mrem/day
First year integrated dose (see Enn B5 above):
Dy = (0,11 mrem/day) (310 day)(1)

= 33 mrem

Geometry 3: Gemstone at 4 cm, deep dose:
a=rp+4=4,7¢Cm
Flux, assuming no gamma attenuation from setting, Eqn Gl:

s = (3.33 dps/g)(3.5 g/cm3)[(2;(4,7)(0,7).(4.72_0,72)1n(4.7+0.7)]cmz
(4)(4.7cm) §.7-0.7 -

= 0.061 dps/cm?

Gamma dose rate, Eqn G2:

Dy = (8.176-3 mrem-nCi=hr) (0,061 dps/cm?)(8.7 R=cm? )
~dps-day ET-hr

= 4,3E-3 mrem/day
First year integrated dose (see Eqn B5):
Dy = (4.,3E-3 mrem/day) (310 day)(1)

= 1 mrem



Summary ==

Doses for first year of wear
Geometry 1, Shallow Dose: = 1 mrem + 13 mrem = 14 mrem
Geometry 2, Shallow Dose = 33 mrem

Geometry 3, Deep Dose = 1 mrem
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(Reprinted from &5 1, B, 7075, August 17, 1960)

Title 10—ATOMIC ENERGY

Chapter b—Atomic Encrgy
Commission

PART 30—LICENSING OF BY.
PRODUCT MATERIAL

Exempt! Concantrations

,  Om October 31, 1958, the Oommisaion '
issued for public comment & proposed
‘ of Byproduot

forth in the
changes have been made in the text and
oconcentration values tp reflect recent
1nformation from the National Commit~
tee on Radiation Protection and la oon-
sonant with the Radiation Protection
Cluide approved by the President on
May 13, 1960,

The exemption is intended to facili-
tate the distribution of products sub-
jected to control procedures involving
the use of byproduct material. With the
exoeption of the person who introduces
the byproduct material into & product, &
license will not be required in arder to
‘se0eive, use, transfer, or dispose of such
prodysts. The licenses who intioduces

| byproduct material into & product may

tranafer the byproduct material only if
the tranafer is made In scoordance with
& license lasued pursuant to § 30.34(h) of
the amendment. This lmitation, how-
ever, would not restriot the tranafer to &
duly licensed person of byprodust ma-
terial intended for analytica! or dabors-
tory purposes Qr for waste dlaposal.

The license-exempi conoentrations in
13073 Schedule C, of the following
amendmaent are equal to the lowest value
for esach byproduct material given in
Table I of National Bureau of SBtandards
Handbook 86 for eontinuous oocupational
expasure (128-hour week). The values
selected are those for soluble for™s
vhich in general are lower than for in-
s luble forma. The products in which
license-exempt concentrations wouid be
pe mitted nre items such as oll, gasoline,
piatics, and similar commercial or in-
dust 'ial items where Inhalation or inges-
tion ¢ unlikely. In sddition, while the
cono ntrat.on values in NES 69 sre based
o eontinuous exposure for & whole life-
time such exposure from the produots
invo ved here i highly unlikely. It is
high ¥ improbable, therefore, that any
mamn ber of the public will recvive an or«
gan dose In excess of & amall raction of
056 rm, the Radwstion Proteotion Ouide
fcr 1iembers of the general population
recorimended by the President in hia
mem randum dated May 13, 1980, The
prop sed exempt concenirations are high
enou b W make guelity control applioa-

tions feasible from the measurement
standpoint and low enough 10 assure
safety of the

smendmant. However, applicants for
licenses pursuant to § 30.34(h) of the
amendment will be required to show
that, for thelr particuler purpose, lower
concentrations than those specified in
§ 3073 are not fessible. The Commis~
sion does not proposs to license the dis-
tribution of products containing byprod-
wot material under this amendment if
1t & lkely that such products will be
inhaled,

trang’orred In such coricentrations and
provide a basis for & continuing evalus-
tion of the addition of radiocectivity o
the environment.

The scheduled concentrations pertain
to the parent activity in those oases
where & radiolsotope disintegrates into
other radioactive isotopes or daughter
producis. ‘The proposed exemption does
not extend to imports of byproduct ma-
terial. Requirements for the lssuanoce
of & license suthorizing the tranafer of
products or materials contalning by-
product material are separately stated
in $3094(h) of the amendment pub-
lished bejow.

The Commission has found that the
exemption set forth in this amendment
will not constitute an unreasonable risk
to the common defense and pecurity and
to the health and safety of the public,

Bection 274 of the Atomic Energy Act
of 1064, &8 amended, establishes, among
other things, procedures and oriteris for
the discontinuance of eertain of the
Commisaion's regulatory responaibllities
with respect to hyproduct, source, and
special nuclear materials, and the as-
sumption thereof by the states. Not-
withstanding, any agreement between
the Commudssion and any state for the
ssasumption of regulatory responsibiiis
ties previously exercised by the Com-«
mission, the Commisaion is suthorized
under subsection 274¢. to require, by rule
or order, “that the manufasturer, proo-
essor, or producer of any equipment, de-
vice, sommodity, or other product oon-~
taining source Dbyproduct, or special
nuclear materiu) ahall not transfer pos-
sesalc i or oontrol of such product except
pursuant $o s lloanss lesued by the Com-
missian ™

Prior to executing any agreement pro-
viding for assumption of regulaiory re-

“le

o Y et

sponaibllitiés by & stale, the Commission
will consider exercising the suthority
confarred on It by sudssotion e with
distribution of products pove

[ Amsendmen: ] ‘
s new §8034(h) 0 rend o8

2 Add
follows:

(h) Licensing the trunafer of producia

has intre 'uoed into the produst or maie«
rial will be approved if the applicant:

(1) Batisfies the general requirements
speocified in § 30.38; .

(1) Bubmits s description of the prod-
uct or material into which the byproduot
material will be introduced, intended use
of the byproduct material and the prod-
uct into which it is Introduced, method
of introduction, {nitial <oncentration of
the byproduct material in the product
or material, control methods to assure
that no more than the specified concen-
tration is introduced into the product
or material, estimated time interval be-
tween introduction smd transfer of the
product or material, and estimated eon-
centration of the radiolsotope in the
product or material at the time of trans-
fer by the licenses; and

(i) Provides resschable assurance
that the concentrations of the uyproduct
material at the time of transfer will not
exceed tae conoentrations in § 80,73, that
reconcentration of the byproduct mate-
rial in concentrations exoseding those in
§ 830.78 1s not likely, that the product or
material ia not Lkely to be inhaled or
ingested, and that use of lower concen«
trations s not fessible,

(2) Each person lcensed under this
paragraph shall file an annual report
with the Director, Division of Licensing

-



§ 8052  [Amendment)
3 Add 4 pew §3033(1) %o resd w

follows .

(1) Notwithstanding the provisions
of 45306 and 30.32(c) of this part, no
person Losnsed by the Commission pur-
sLant to the regulstions in this part ahall

transfer rossession or oontrol of

1. Add s new § 5079 to read s follows:
§ 50.73  Bchedule C.
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16 8 INTEGRALS IN CYLINDRICAL AND SPHERICAL COORDINATES

The volume element in spherical coordinales 18
dV = p* sin ¢ dp d¢ df

(as shown in Fig 16.42) and triple integrals take the form
(f(F(p. o 6)dV = ([[Flp.¢ #)p* sin ¢ dp do dé

To evaluate these integrals we first integrate with respect to p. The proce
dure for finding the limits of integration for & region D in space 1s there
fore the following
1 Hold ¢ and # fixed and let p increase This gives a ray oul from the
Origir
Integrate from the p-vaiue where the ray first enters D to the p-value
where the ray leaves D. This gives the limits for p
Hold 6 fixed and let ¢ increase (This gives 8 family of rays that make &
fan ") Integrate over the ¢-values for which the rays pass through D

4 Choose 6-limits that include all the fans that intersect D

EXAMPLE 3 Find the volume cuf from the sphere p = o by the cone
¢ = o (See Fig. 1643)

Solution The volume is given by

\ .—.f;-fofop’-xr)q)dpd«:xdﬁ=£§i(l-cosa)
( (

As a check. we note that the special cases a = #/2 and a = » correspond
i the cases of a hemisphere and a sphere, of volumes 2ra® '3 and 47a®/3,
respectively. [

16 43 The volume cut from the sphere
p=8bytheCONe ¢ = a
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APPENDIX E. (Continued)

Borosilicate Glass
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19

Figures 6 and " which are taken from Rockwelll?!, give values for the more
frequently used ex-orential integral functions. Oace again, for other than
small values of b, the buildup of scottered radiation must be considered.
From an inspection of the above equation, one can see that when 6= (an

infinite plane), then:

E] (pt).

o
n
o l:p

So that one can quickly compute an estimate of the flux density, whether

there is attenuation or not, provided pt is not too larpe, for then the

buildup would have to be accounted for. /] /7’ cs
A

va?.@(p.

The differential flux density from

SPHERICAL VOLUME SOURCE

&l" the volume element (dV) along r is
= il
Svd\'
d¢_= where
r P 4ne?

éi ‘:..h. F’ S - s Agph
v 4mR ° cc-s
Y ;Ro

and dV = 2nr? (1 - cosB) dr
. -3
R2=1r24+ a2 - 2ar cosb Zﬁ)
g Mgl A
which leads to:
a + R
0
C»p "',‘!' (1 - cosB) dr

Ja - R

0




B.

by expressing cos® in terms of r and integrating, the following result is

obtained for a point outside the sphere:

Sv a+R
i, o Talali 8
Qp “s ‘dko (a RO )1 a Ro

Cther results which can be obtained are:

Point at center of sphere: ¢ = SR
P Vo

/)I S K
“~Point at surface of sphere: ep S

X

/\.

Nal solution. The sphere conteins 10 mCi of 1311, Compute the exposure
rate at the surface of the sphere. Assume that all beta is absorbed in
sphere and neglect any gamma absorption.
Compute ¢ : a =R =1 cm
P (&)
0 mC 3.7 )7) G )
S - S " 1 “Cl (3 x 10 : = 8.83 x 107 cm,:____
v 3 3 'm ‘=8
nR_© = n (1.0)°
4/ O -
S\Ro _ £.83 x 107(1) . (¢!
c - - ’: A ) - = 4 u: ¥ ] i ( “' )
D 2 P cme=§
Compute X - From Mird Pamphlet No. 10 (Fig. 8), 1211 emits 3 photons whi

account for 90% of all photon emissions Using these to g:t X

s

# Example: Given 2 small, thin-walled sphere of diameter 2 «m filled with

tht



and

&9
e H e
3 en .- ( (n)
coillnad ) i\ p Y
2843 L0285 4L.68 x 10 ¢
0.8201 3644 . 0295 §.82 x 10 3

[ &)
O
b
-
=)
,

63t7 .0

o
o
o
in
W

NQ
"
e
ope
(8.0 ¥
>
—
=]

= 6.57 % 10°% (4.42 x 107)(1.05 x 10 2) = 30.5 R/h.

For a sphere in which one can neglect absorption, the ratio of the flux
density at the surface of the sphere, comnuted by the exact expression, to
that obtained by assurang all the activity 1is located as a point source at

the sphere center, is only 1.5. Thus, when the ratio a/R( > 2, one may use

the point source approximation:

S v RS
& = = Eih‘
: Lna“ 3 a‘

# @792‘&

since the error will only be about 6% for this tatio

When there 1s self-absorption in the sphere, the expression for the flux
density outside the sphe-e does not yield a simple solution. References

18-20 treat methods of approximate solutione to determine the uncollided

but ¢o not deal with buildup. The exact solution of the flux

density e 'pression for a sphere with celf-absorption and external attenu-

" \ s 18
ation leads to the 10l10WI1NE integral®’
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Topaz Isotopes, Data, and Beta Dose Calculations
Density: 3.5 owom'3

Stone Mass: 5.00 grams
Store Radius: 0.70 o

Colums A thru I are input data

[sotope Half-Life Beta Branching Stopping Range to Max Conc
(days) E ave Ratio Power Eave " OkeV
T /2 (MeV) (MeVam™2/9) (cm) (uCi/q) (dps/g)
Na-22 949.00 0.216 1.00 2.256 0.018 1.e-06 0.037
* Na-22 949.00 0.216 1.00 2.256 0.018 4.e-04 14.800
Sc-46 83.85 0.112 1.00 3.192 0.004 4.e-04 14.800
M54 312.50 0.000 0.00 0.000 0.000 1.e-03 37.000
Zn-65 234.80 0.143 0.02 2.765 0.008 1.e-03 37.000
Cs-134 751.90 0.157 1.00 2.627 0.009 9.e-05 3.330
T -182 114.50 0.125 1.30 2.972 0.005 4.e-04 14.800



Colums A thru I are input data for additional isotopes

Isotope Half-Life Beta Branching Stopping Range to Max Conc Range Eave
(days) E ave Ratio Power Eave 70keV in Tissue

m/2 (MeV) (MeVem™2/9) {cm) (uCi/g) (dps/q) (cm)
Cr-51 27.70 0.000 0.00 0.000 0.000 2.e-02 740.000 0.660
Co-58 70.80 0.201 0.15 2.321 0.016 1.e-03 37.000 0.044
Fe-59 44.63 0.118 1.00 3.091 0.004 6.e-04 22.200 0.018
Co-60 1923.92 0.085 1.00 3.489 0.002 5.e-04 18.500 0.013
As-74 17.7m 0.438 0.64 1.762 0.060 5.e-04 18.500 0.143
Sr-85 64.84 ©.499 9.01 1.708 0.072 1.e-03 37.000 0.172
Rb-86 18.66 0.667 1.00 1.628 0.105 7.e-04 25.900 0.255
¥Y-91 58.51 0.602 1.00 1.650 0.092 J.e-04 11.100 0.222
2r-95 24.02 0.116 1.00 3.125 0.004 6.e-04 22.2°0 0.018
Nb-95 35.06 0.043 1.00 0.200 0.000 1.e-03 37.000 0.000
sn-113 115.10 0.390 0.35 1.816 0.050 9.e-04 33.300 0.121
Sh-124 60.20 0.378 1.00 1.833 0.048 2.e-04 7.400 0.116
< 125 1011.05 0.03% 1.00 3.714 0.001 1.e-03 37.000 0.011
i -433 3832.50 0.320 0.10 1.931 0.037 0.e+00 0.000 0.090
* Ps-133 3832.50 0.320 6.10 1.931 0.037 2.~03 74.000 0.090
Je-139 137.66 0.156 0.19 2.636 0.009 1.e-06 0.037 0.029
* Ce-139 137.66 0.156 0.19 2.636 0.009 5.e-03 185.000 0.029
Ce-141 32.50 0.145 1.20 2.742 0.008 9.e-04 33.300 0.026
HEf-181 42.39 0.119 1.20 3.074 0.005 7.e-04 25.900 0.019
Ir-192 74.02 0.180 1.00 2.448 0.013 4.e-04 14.800 0.037
Hg-203 45.60 0.270 0.23 2.054 0.028 2.e-04 7.400 0.070
Pa-233 27.00 0.200 0.45 2.325 0.016 1.e-06 0.037 J.044
* Pa-233 27.00 0.200 0.45 2.325 £.510 9.e-04 33.300 n.044

5



a ) an b
Colums X thru O are dose calculations ‘K M
w/movement

Beta
Vol Topaz layer  Half Initial Do for Dose for
Theta ~oef w/ beta  Activity dose rate first year first year
(cm”3) (Bgq) (-ruvday) (mrem) (mrem)
81.79 1.80 4.73e-02 3.06e-03 0
81.79 1.80 4.73e-02 1.23e+00 3 65&-01 117 1
65.53 1.23 6.72e03 1.74e-01  2.69%e-02 3
1.00 0.00 0.09¢+00 0.00e+00  0.00e+00 0
73.94 1.5 1.66e-02 2.14e-02 4.23e-03 1
76.27 1.60 2.18e-02 1.27e-01  2.76e-02 9
69.72 1.37 1.05e-02 3.54e-01  6.11e-02 9
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