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Ms. Cynthia Jones
U.S. Nuclear Regulatory Commission
Medical, Academic and Commercial Use Safety Branch
Mail Stop OWFN-6H3
Washington, DC 20555

Derr Ms. Jones:

In _ reference to oar 9/21/86 telephone conversation, I
am enclosing draft sections of MURR's gemstone license
sub.nittal describing tne exemption requests whicn assess
dose estimates and health tisks due to wearing gemstones
released to unlicensed persons. I would appreciate your
preview of these sections and any suggestions for clarifi-
cation you may see. Also enclosed are copies of some of
the references and toreadsheets I have used in making these
calculations. 'these sections wil) be incorpore.ted into our
total submittal, so section numoers, table numbers, appendix
labels, and reference numbers may change from this draft.
As per your request, I have enclosed our current organiza-
tional chart.

Please contact me if you have any questions on this
material and we can " walk through" the specific areas in
q ues t io: .. Thank you for your assistance.

Sincerely,

(W- / E
Langho< Ph.D., CHPSusan M.

Manager
Reac* Health Physics
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AA. Information to Support Request for Exemption from Portion 10 CFR-
32.11(c)

If NRC considers gemstones to be products intended for application to
human beings, then an exemption from this portion of the requirements in 10 1

'

CFR 32.11(c) is requested. 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 (e 3.5 g/cm3)
with the assumption that the gemstone is a sphere having a homogenous exempt -|

.concen ration' for one isotope at first day of wear. Calculations are made !t

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 f'or the external dose calculations. In
all calculations, a gemstone of five grams is assumed to provide the
largest reasonable total activity for a ( 11 stone worn for the prescribed time
peri od .

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 simulate !

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 distance, based on the stopping power of the average beta energy, which
would redace the average beta energy to 70 kev, the energy of beta which can
no longer penetrate the dead layer of the skin.1

IThe Health _P_hysics and Rad _i_o_logica_1_ Health Handbook _, B. Shleien and M.S.
Terpilak (1984), p. 35.
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One half of the betas are assumed to be emitted perpendicular to 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 in 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, r2 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 irradiawed 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.

iGamma dose estimates are made assuming that no attenuation of the gammas
occur in the gemstone and setting, or in traveling through tissue. The gamma
flux is calculated for a point, "a" cm from the center of the gemstone, and
assuming the gemstone is a hom lous spherical source. The gamma dose is
estimated ftom 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 Table 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 Cs-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 ;

level s. 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. NCRP 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 with exempt concentration of Co-60

,

is 307 mram, or 6% of the recommended limit. From NCRP Report No. 93,
" Ionizing Radiation Exposure of the Population of the United States" (1987),
the annual effective dose equivalent in the U.S. from all sources is estimated
to be 360 arem/ year (1 mren/ 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.

i population from consumer products range from 6 - 13 mrem. Considering that
l these averages and variances are based on deep dose extimates, additional

doses from wearing gemstones released under the MURR gemstone analysis
criteria are well within these variations. Because there hLve been no

_ _ _ _ _ _ _ -_ ._ . _ _ _ _ _ _ . . _ _ _ _ _ _ _.
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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.

BB. Information to Support Request for Exemption for Isotope Specific Exempt
Concentrations Not Listed in 10 CFR 30.70

Four radionuclides found in MURR irrodiated 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 determined 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$ttee 11 on MPC values in water for
occupational exposure for a 168 hour week.2 Three radionuclides found in MURR
irradiated topaz (Na-22, Ce-139, and Pa-233) are restricted by the generic
limit (le-6 pCi/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:

C= ALI
(3000)(365)

where, ALI = annual limit of intake for
ingestion (pCi/y) .

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

165 = days per year

The results for this calculation are given below:

Isotope ALI C

(pCi/y) (pCi/g)

Ha-22 400 4e-4
Ba-133 2000 2e-3
Ce-139 5000 Se-3
Pa-233 1000 9e-4

The dose estimates for these radionuclides listed in Table 15 are based
on these calculated exenpt concentrations. As noted in the previous section,
the limiting radionuclide in these dose calculations is Co-60. Because the
release limits based on exempt concentrations are also restricted by the " sum

. ---

2NRC Internal Memo from L.R. Rogers to J.R. Mason, dac3d February 1,1960.

.--. . --
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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.

CC. 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 NaI 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 overaged 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 san.e shallow dose.
One setting may have multiple gemstones. Shallow dose from a multiple
setting,. i.e. a broach, is considered for one point on the skin, 3 m from one
gemstone (46 mrem / gemstone), 6 m from 6 gemstones (19 mrem / gemstone), and 8.4
mm from 12 gemstones (11 mrem / gemstone). The first year shallow dose for this
combined 4.75' g of gemstones is 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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TAJBLE 13 EQUATIONS li3E0 FOR DOSE ESTIMATE
,

I
BETA

,

Eqn B1: 0 = 90 - arcsin 0.00 7
R2

where, e = angle defining volume of stone layer (degrees)

R = range of Eave beta in tissue (cm)2

0.007 =. average thickness for dead layer of skin (cm)

Eqn .B2 40: V = 211 (1-cos e) [r1 -(ri-R ) 3]3
1

7

where, V = volume of stone layer (cm3)

el = radius of stone (cm)

R = depth for Eave + 70 kev in stone (cm) ;1
.

!

'Eq'n B3i A=VpC

where, A = total activity in stone layer volume (dps)
- t.

p = density of stone (g/cm3)
'C = exempt concentration (dps/g) -

t

Eqn B4: bge=1.38.A.BR. Eave
2

b c = initial contact dose r,1+ to first gram of tissuewher2, 8 below irradiated surface area (mrem / day)

BR = branching ratio'for betas (8/ dis)

Eave = average beta energy (MeV)

1.38 i (1.6E-_6er9/MeV)(3600sec/hr)(24hr/d)(1E3 mrem / rad)
(1g)(100 erg /g-rad)

*

40 Calculus _and Analytic Geometry, Part 11_: " Vectors Functions of Several,

Variables, infinite Series, and Differential Equations," G.B. Thomas Jr. &
R1L. Finney (1984), p. 927

4

I
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cTable f13, continued;<.
_

Eqn'B5: Dsc . ". 38C ;(1.r,-365 A)y. m .
' <a , ,< ,

s

A) 1r

, where, Dge = Leontact dose for first: year of wear (arem)
~

. A = decay constant. for. radioisotope (day-1);
~

- '
<

m = _ movement factor. 0.15 for Geometry 1 and 1.0 for . i
'

-

'
"* '

Geometries 2 and 3 4

l'

GAMMA
, ,

L 2 a+r1 |'Eqn G141: $ = lI* P k- 2 a rl-(a 2-r1 ) .I n|

4a
-

(a-rij - t
,,,

where, 4 = initial flux at distance "a" '(dps/cm2)

C = exempt concentration (dps/g) ,

9

p = densi;y of stone (g/cm3)-
,

a-= distance:from center of stone-(cm)'

ri = radius. of- stone (cm) t

. i
*

.

- !
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41" Radiation Fields from Extended Sources (Emphasis on Contact, or Near '

. Contact,' External - Dos'e Estimates)," H.J. Moe, Health Physics Society
Meeting / Professional Enrichment Program, Pittsburgh, PA, June,1986

i
,

e, ,, , . - . . . . , , ..-r, e t- - .- , , - ,.,,.e,, ,, .,...w.. ., e...-..c.... ,,. - + ,,..v.- , - c. q , 4 + me w



,. - , . - . _ . - . .

9, c,

I,f 5j .I ' . ,
- i- j#

Y' y / r

- i
b? ' t

,

Egn : G2!, Dy '= 8.17E-3 4 ,r -.
s

; .

'where, by = initial dose | rate at distance "a"(mrem / day)
.

'

initial ' exposure rate at distance "a" (mR/ day)
~

='

:,

..
5

[. 3

"

XL=6.57E-5-|4[fjEf-(uen/0)1
- ,

3
-

i L = gamma emitted at : energy Ej(MeV) . for- fj ( y/ dis)
fraction of decays

'

(pen /P)i = mass absorption coefficient for_ gamma i in air:

.(cm2/g)
s

;~6~.57E-5 = (1.6E-6 erg /MeV)(3600sec/hr) *

(8 7.7 erg /g-R)

R-cm 2 -r = gamma constant 42 for specific isotope
mci-br

= 193 f Ej ( pen / p)j- .i

*

| . 6.57E-5 4 7
193

!
.

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

193

,

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

i

4

f'

s

b

,P

, .- - y. ,, ,,p - .. - . . _ _ . , - - . . . . - , _ ~ , . . . , , . . , , . ,,__. . -_.,__ _._ ,_, _._ ._



. ___ - _ _ _ . . _ _ . . _ - - - _ _ _. _
_

_
- .,

.c

& 7: :.)
-

, ..

y --..

4

TABLE 14. Radionuclide Input Data for Dose Calculations

.

Radionocl_ide Beta Data

Isotope decay (a) Exempt (5) Eave (c) Branching (CI Range to(d) Ran9e Eave (e) Gamaa(f)-
Radiations Conc (MeV) Ratio Eave 70 kev .in ilssue Factor ,

Considered (pCi/g) (ca) (cm) (R

Major Radionuclides Found in IURR Irradiated Topaz'

* Na-22 B+,G 4.e-0 (9) 0.216 1.00 0.018 0.049 12.00

0.017(3)
10.90Sc-46 B .G 4.e-04 0.112 1.00 0.004

0.000 4 . 70> 44 G 1.e-01 0.000 0.00 0.000
4

c. 65 8+.G 1.e-03 0.143 9.02 0.008 0.025 2.70
Cs-134 8 .G 9.e-05 0.157 1.00 0.009 0.030 8.70
Ta-182 B ce.G 4.e-04 0.125 1.30(i) 0.005 0.023 6.80*

$ Additional Radionuclides Found in MURR Irradiated Topaz

i- Cr-51 G 2.e-02 0.000 0.00 0.000 0.000(3)' O.16
Co-58 B+.G 1.e-03 0.201 0.15 0.016 0.044 5.50

:

$ Fe-59 B .G 6.e-04 0.118 1.00 0.004 0.018 6.40 -
4 Co-60 B .G 5.e-04 0.0% 1.00 0.002 0.013 13.20-

0.64 0.060 0.143 4.40
0.438(h) 0.01(i) 0.012 0.172 3.00

As-74 8+.8 G 5.e-04
0.499Sr-85 ce.G 1.e-01

Rb-86 8 .G 1.e-04 0.667 1.00 0.195 0.255 0.50
f-91 8 .G 3.e-04 0.602 1.00 0.092 0.222 0.01-

'

4.10
0.018(3)Zr-95 B .G 6.e-04 0.116 1.00 0.004
0.000 4.201.00 0.000

0.043(h) 0.35(I) 0.050 0.121 1.70
Nb-95 BG 1.e-03'

0.390Sn-113 (In-113)ce.G 9.e-04
50-124 8G 2.e-04 0.378 1.00 0.048 0.116 9.80
Sb-125 8 .G 1.e-03 0.087 1.00 0.001 0.011 :2.70 ^

0.156(h).'O.10((I)-
0.320(h) 0.037 'O.090 -2.40

i Ba-133 ce.G 2.e-03(9)
.

0.19(i)i Ce-139 ce.G 5.e-03!9) 0.009 0.029 0.65

1.20(II
0.008 0.026 0.34

i Ce-141 8 .ce.G -9.e-04 0.145
1.20 i) 0.005 0.019 3.10

, Hf-181 8 .ce.G 7.e-04 0.119
1.00(I 0.013 0.03/ 4.80

0.180(h) 0.231i 0.028 -0.070 1.30
J Ir-192 B ce G 4.e-04

Hg-203 ce.G 2.e-04(9) 0.270(h) 0.45(I) 0.016 0.044 0.86 *

Pa-233 ce.G 9.e-04 0.200

j (a) B+ or = beta. ce = conversion electron, G = garana
(b)
(c) 10 CFR 30.73 Radioisotope Decay _ Tables. 00E/ TIC-11026. D.C. Kocher (1981)|

i
(d) InU6 jut 6on to sta<frofoVcal Pnysics and Radiation Oosimetry. F.H. Attix (1986), based on stopping<

(e) powersl fsted on p. 584, borosilicae glass is assumed to approximate topaz.
~

Ref. (d), p. 578, adipose tissue.
|
,

(f) The Health Physics and Radiological Health Handbook 8. Shleten and M.S. Terpilak (1984), p.131 or'
*

calculated .

'

(9) Calculated isotope specifte exempt concentration. See Section 88 for expleeation and request fori

exemption. ~

(h) Beta energy modified to estimate contribution due to conversion electrons.
(i) Branching ratio modified to estimate contribuilon due to conversion electrons.

|
($) Eicher no beta emission, or beta and conversion electron energies too low to penetrate dead layer of

skin.
.

.

!

. _ . _ . . . , _ -. , - . - - ._- ~ . . . . . . _ . _ - - _ ___. __. . - _ . _ - _ - -
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TABLE 215. Dose Estimates in First Year of Wear for 5 Gram Gemstone'With.
' Radionuclide at Exempt Concentration

.

Geometry 1(a) Geometry 2(b) Geometry 3(c)
Radionuclide Shallow Dose- Shallow Do_se_ Deep Dose ~

Bt '. a Gamma Total' Gamma ' Gamma '!

-(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

1 Mn-54 0 65 66 .160 6

Zn-65 0 .34 34 84 3

Cs-134 1 13 14 33 1'

Ta-182 1 22 23 54 2 i

Additional Radionuclide> Found in MURR Irradiated Topaz
c

Cr-51- 0 7 7 17 1
'

Co-58 2 30 32 74 3 ,

Fe-59 1 14 15 34 1

Co-60 ,1 125 126 30 7 .12
;,

As-74 8 3 11 8 0
,Sr-85. 0 15 15 -37 2

Rb-86 45 1 46 1 0

Y-91 48 0 48 0 0
*

Zr-95 1 12 13 30 1

Nb-95. 0 12 12 29 1

ISn-113 33 13 46 31 1

Sb-124 11 9 20' 23 1 :

1 48 49 119 5

Sb-125(d) 30 94 124 231 9

Ba-133(d)Ce-139 7 31 38 75' 3

Ce-141 2 1 3 2 0

Hf-181 1 7 8 18 1

Ir-192 3 11 14 27 1

1 1 2 2 0
Hg-203(d)Pa-233 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.
e Gemstone fixed at one point, dose calculated at 4 cm tissue depi.h.
d Calculated isotope specific exempt concentration used in dosi. calculation.

See Section BB for explanation and request for exemption.

a.

, , , , , . . - . _ . . _ . _ . . . . . _ . . . _ . ... . , . . . . . . . . ,
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GIOM[T.M ASSUM[0 FOR BETA DOSE ESTIMAT[
,

>

r3

28 R,

Fab
4

A O.OO7cm

\ U -

B|

L = r2 =

- volume of stone containing activity considered for
beta dose estimate

A - skin epidermis r) - stone radius
|

|
B - skie dermis rp - radius of irradiated skin surface

R) - depth for E -y 70 kev
ave

Rg - range of E,y, beta in tissue

|

|-
'
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|-
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APPENDIX A
.

Example of External . Dose Calculation for Ge:.1 stones 'l

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/cm 3 '

' Stone Volume: Vs = 59 - 1.4 cm 3
T5g/cm3

Stone Radius: r1 = ( 3Vs )1/3
4n ;

=.(4n31.4cm 3) 1/3
= 0. 70 cm

Isotope paran .ar:, --see Table 14 for input data
_

Half-life: T1/2 = 2.06y = 752 day
'

A = i n ?. =.9.2 E-4 day-1 -|

M2 -

Average s ' energy: Eave = 0.157.MeV

Branching Ratio: BR =.1.0 s/di',-

Range Eave in tissue: R2 = 0.030 cm .

Stopping power of Eave in topaz:

S = 2.63 MeV-cm2
_

9

S

.*

. , - - . . -.. .. . _ , _ , . . . _ . , . . . . - . , . _ , . . . . . . . . _ . . , _ _ . _ , . . . . - . . _ . . . _ _ . . . . _ - . _ . _ _ - - . .
-
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Range.to . reduce Eave + 70 kev:
?

1 =. Eave 10.070 :
!

-

R

Sc p j

. (0.157 - 0.070) MeV- j.

(2.63 MeVcm2)(3.5 ;g/cm3)
9' .I

?

4

= 0.009 cm - ,

<
. .

J

Exempt Concentration:. C = 9 E-5 pCi/gL )
!

= 3.33 dps/g.
.,

Gamma Factor: r= 8.7 R-cm 2
mci-br,

8 Dose Cal'eulation -- Geometry 1

Determination of amount of stone (stone layer) emitting es which are
| considered to contr.ibute~ to skin dose-(see Figure 1 and Table 13). ;

4
.

.

.

Angle of B radiation, Eqn B1:
- !

"
lE 9.= 90 - arc 51n (0.07 cm)

,

0.03 cm ,

= 76.5*ui
.

Volume of stone layer, Eqn B2:
-

V = 2n (1-cos 76.5*) [(0.7 cm) 3-(0.7cm-0.009cm) 3]
T

= 0.021 cm3

Activity in stone layer, Eqn.B3:

A = - (0.021 cc.3|(3.5g/cm3)(3.33 dps/g)

= 0.24 dpr

Dose to.first gram of live skin tissue defined by 4, assuming half of Bs
emitted escape perpendicular to the stone surface, all Bs have energy of Eaves
and no additional- attenuation from : stone or dead layer of skin occurs, Eqn B4:

-- , . - - - - , _ - _ . - . . . . - - , , . . , . . . _ - . - - - . . - - - - - - - , - _ . - , _ _ _ . . - .
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BC " (1 38 mr_em-sec) (0.24dps)(1. s/ dis)'LD '

MeV-day 2 .(0.157MeV/6)

', = 0.026 mrem / day
~

.

|

~ First year integrated dose, Eqn B5:" ,

BC " (0'.026 mrem / day)'[1.e..-(365' day)(9.2E-4. day-1)]'(0.15) i
~0

-

(9.2 E-4 day-1) ]
!

= (0.026 mrem / day)(310: day) (0.15) }
=.1 mrem

b. i
,

Gamma' Dose Calculation --p
.

Geometry 1: . Gemstone .at contact, shallow dose,

a = r1 = 0.7 cm -f,
,,

Flux, Eqn 61:

4 = (3.33 dps)(3.5 g/cm3) [2(0.7cm) 2.(o)]
T4 )(O . 7cm) . ;

= 4.1 dps/cm2 ,

Gamma dose, rate, Eqn G2: },

by = (8.17E-3 m-rem-mci-br)(4.1 dps/cm2)(8.7 R-cm2 ) 'j
.

R-dps-day E hr

= 0.29 mrem / day i

First year integrated dose for stone at one point on skin for 15% of time (see -
Eqn B5):

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

= 13 mrem

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

a = ri + 0.3 = 1.0 cm
,

Ic

.

%

l
J
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. " . Flux assuming:no gamma.' attenuation:from setting,~Eqn G1: !

- 4 = (3.33dps/g)(3.59/cm3) [(2)(1)(0.7)-(12-0.72)ln 1+0.7 ]cm2 :
'

~

.

T C7(4)(1.0cm) :

]
= 1.5 dps/cm2

Gamma dose : rate,; Egn G2:
~

'hy = (8'.17E-3 mrem-mci-br)(1.5 dps/cm2)(8.7 R.cm2 );', R-dps-day mci-hr-
T

= 0.11 mrem / day'
'

First year integrated dose (see Een B5 above):

Dy = (0.11 mrem / day)(310 day)(1)

= 33 mrem ,

Geometry 3: Gemstone at 4 cm, deep dose:

. a = ri + ' 4 = 4. 7 cm : ;

Flux, assuming'no-gamma attenuation from setting, Eqn G1:

4 -(3.33 |dps/g)(3.5 g/cm3)[(2)(4.7)(0.7)-(4.72 0,72)1n(4.7+0.7)]cm2-

_ '

(4)(4. 7cm) 4. 7-0. 7
,

= 0.061 dps/cm2
r

- Gamma dose rate, Eqn G2:

by = (8.17E-3 mrem-mci-br)(0.061 dps/cm2)(8*.7 R-cm2 )
_

R-dps-day mci-hr
!

= 4.3E-3 mrem / day

|- . First year in+egrated dose (see Eqn B5): t

|
' - Dy = (4.3E-3 mrem / day)(310 day)(1)

= 1 mrem ,

L
|

,

i

|

|
'

{

,
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Summary -- |
-

Doses for.first year of. wear I

14 mrem j1 mrem + 13' mrem' Geometry 1, Shallow Dose: ==

Geometry 2, Shallow Dose = -33 mrem
~

1 mrem IGeometry 3, Deep Dose =

.

~ ' ' ' -- e w _ - __ _ ._..



4A+n. -= e. - am d.* * . A # J m e- - .J J. 6.

11, L Q.
,

/ 1
.

.ms. .V
-

- ;
.

se., = =n, Ms.s.u.
Sev6 stem et Mammatus one Bagdaedse |

i ju pp ;w
3 dees 3. m W.M W Bese.

'

stesases af 'W and angelsesan

mammame se meer as Fiumer enemmerneas

asemens se hengemens sesessesse. .e nem swer near masses-

,

vse ateammes % es arm as. t base
'

ateadose mesumussa fems stak amt E. b Weten ami em>
eussenes seen assuost out ass 8ss the esseyt oms >
esmeestaan adde untans am8 see the tsmest wuSes der eesh testeps |,
me sesse sa mesmesh e ese e empasses ser a testser 4

- unses. densmas is e espy of a sustees tabte se to gehtisted steh
| eks umrt 38 - Appsesseems gutmas ser the omsspe een-

esmenessams - to seus se aus he stememme by anteaptpeas
| ty as she gasess'en atte H et Appsman T' of 40m peuposes
; ._ - to sees se. t assume samt pas assi poussee me seest
! moeur es een - espassatas shasses an eks wateme, es-
A gather etIAL See ensstaaet of the seguRassen se he putMehme de

| eks passent agtetes.
,.

E auetty us11 poupase e amassemens to es yttes 30stus e teamed
museumy, ammamar- E es est kuMaus test see meme tede to puument -

i utek ehe samff Reper amt 40s assumesamt to es sugelas$em.

If psus hora any geestemme, I'stti to gle$ to elseems them utek
Pan.

:

'
. asemanessa en
'

W to Bust 9 =
mumpt = +,

!

! ,

I
'

b s n .' g YAW 4 4~

| ,&. c.t;/ JA f "$'~'
.

j ppan.
'

&AK
Md",

= =,ese
WifA4

1140
\

-J*' -____... . -_.~_ ...... . . ..__ -_____ ...---._..__.. _ - -- _ .___.-..__. -.



- . - _ __- __ _ .

Nratd fra 6 F. A. 705, hguM7,1%0)-

.

f ,

.

. , , 4 . i. . , ,,.% r . . ,, ,

I .tions f.oss,one from the teensurement spoesunl.itids by a state, tbs ria==t-lan '~ Title 10-AT0lE SEG
.

ndp and - e-b = - wm -c id- -man. =e ==-ity.

anfety of the puhue. sonferred en it by subseouen 314e with *
Chapter 6-Atomic Encryr ne values set fore in the fouowing .respeet to distribution of products mov.

Commistlee amand=aat are estabushed as concen. ered by the foDowing ==aad=aata. Pursuant to the Administrouve Pro. ','-

trsuons which the twamiamian eensiders
PART 30-UCEN$1NG OF.BY. may busemphd from heensing require. feedure Aet. Pubhe Iaw 404, Tte Con. - |

PRODUCT MATERIAL ments to me enunt provided in this. gress, ad aa=lan Tius 10, Chapter I.
amendment. However. applicants for . Part 30. "raammang of Byproduct Mate. |

Exemp ComeaMonsthe Commission 'lieenees pursuant to 6 80.34(h)of the real," .is ==aadad. as fonown, esecuve , '
'

a==ad===t wul be required to show thirty dare after publiestien la the Fas. -; On October 31,1968,
|lasued for.puhua connent a proposed that, for their parucular purpose, lower .anah Raassenes e .

.

amendment to "IJeansing of Byproduct aaaaane muons than those speoffled in ' 1. Add.a new I 80Mo read as fonows: .
| Material." 10 CFR Part 30, whleh n g 3333 are not femalble, ne Comu@ $ 80.9. ' st===aya honoemeressema,
bound esempt byproduct material fresa soon does not propens to hoenas the dia.
licensing requiressants when contained tribuuan of products sentaining byprod. .(at Essept as provided in 180.33(f). .

'in products la araminad now eoneonten* act material under this amendment if any person is esempt from the requim.
tions. The ===adment published below it is hkely that such produsta will bej .Enants for a Meanse get forthin 80euen $1
retains the substanuve provisions est ingested or inhaled, of the Act and from the regulations in ,
forth in the proposed rule although Persons lleensed utbr -this amend? 6his part to the extent that sudh person ,
fehanges have been made in the text and ' ment to distribote produsi. *ntatning receives. Pa====== uses, transfere, owns '
'concentrauon values to refleet recent / byproduct material would be required ;. or noeutres products or materials sona
ainformation from the National conunit. Sie an annual report describing the taining byggeduet material in soneen ,

tee.on Radisuon Protocuen and is con * products transferred and the total traticas not la sneens of .those listed in
4 30.73.(b) nis aseMon(shall not be deemed ;sonant with the Radiation Protection amount of each byproduct material in .

. ~

Oulde ' approved by the President on .such produsta transferred during the

no esemption is intended to facili. ' Fear. nis will keep the C--W.
to. autertas the import of byproduct ,.May 13.1960.

informed of the total amount of acuvity . material or products sentaining hyprod. .
. tate the distribution of products sub. transferred in such coricentrations and uct material. '

i Jeeted to contml procedures involving provide a basis for a oonunuing evalua* $ 80.34 1(A == + = t1 ' ,

I the use of byproduct material. With the tion of the addition of radioactivity to - -

I*II''8,4 " # 0M "~ exception of the person who introduces the environment.
* *ttu byproduct material into a pmduct, a . ne scheduled concentrations perteln '. .

!!!oense will not be required,in order to to the parent activity in those esses (h) ZJeansing the fransfer of products
.

(booelve, use. transfer, or dispose of such where a radiolaotopo disintegrates lato containing esempt concentrations of by.
I produta. ne liaanaam who int:oduces other radioactive isotopes or daughter prodect material. (1) An app 11eaMon for
j byproduct matertal into a product may . products. The proposed exemption does |a speciflo license to transfer possession
i transfer the byproduct material only if not estand to imports of byproduct ma. or control of produsta or materials son.
: the transfer is made in accordance with terial. Requirements for the lasuance talning esempt eoneentraticca of by.
. n 11annae issued pursuant to I 30.34(h) of of a 11aanan authorising the transfer of product material whleh the transferor
' the amendment. His limitation, how. products or materials containing by. has intr 9 Need into the product or mate.
over, would not restrict the transfer to a product material are separately stated 'Flal will Aq approved if the appileant: :

' duly Itaanaad person of byproduct ma* in i 30.34(h) of the amendment pub. . (1) Sausfies the general requirements
; terial intandad for analyllest or aabors* 11ahed below. apaatead in i 30.33; . * *

tory purposes a for waste disposal. The th=minalon has found that the (AD Submita a description of the prod. .

The license exempt ooneentrations in esempuon set forth in this amendment ,uet or materialinto which the byproduct
,i 30.73 schedule C, of the following win not constitute an unreasonable rlak material will be introduced, intended use :
amendment are equal to the lowest value to the aamman defente and security and of the byproduct material and the prod. *
for each byproduct material given in to the health and safety of the public. c uet into which it is introduced, method

,

Table I of National Bureau of Standards Secuan 374 of the Atomic Energy Act of introduction, faltlal ionsentrauon of .'
' Handbook 80 for continuous occupational of 1964, as amended, establishes, among , the byproduct material in the product '
: exposure (168-hour week). The values other things. procedures and criteria for or material control methods to assure i
selected .are 'those for soluble for=s the disconunuance of certain of the that no more than the specified concen.
Which in general are lower than for in* Commiaaton's regulatory responsibilities tration is introduced 'into the product

'seluble forma. De produete in which with respect to byproduct, source, and or material, estimated time interval be.
;1kense-exempt ooneentrations would be special nuclear materials, and the as. tween introducuon and transfer of the
pei mitted are items such as oil, gasoline, sumpuon thereof by the states. Not. product or material, and estimated son.
plaatics. and similar commercial or in* withstanding, any agreement between centration of the radioisotope in the

, dust talitems where inhalation or inges* ' the Domn igaton and any state for the product or material at the time of trans.
' tion is unlikely. In addition, while the assumpuon of regulatory responsibill. for by the 11eanamal and ^
cono sntration vahaos in NB8 SS are based ties previously esercised by the Com. (111r Provides reasohable assurance
ou continuous exposure for a whole life- mission, the Commtasion la authorised that the an=ntrations of the Lyproduct

. time such exposure from the produsta .under subsecuon 3' leo, to require,by rule material at the time of transfer will not
invo'ved here in highly Enthaly. It la or order, *that the manu!acturer, proo. . esseed the concentrations in i 30.73, that
highty improbable, therefore, that anF essor, or producer of any equipment, de. reconcentration of the byproduct mate.
momber of the public will receive an or. vloe, aammadity, or other product con. rialin aanaantrations escoeding those in

. gan ttose in excess of a small fraction of eminine source, byproduct, or special 130.73 is not likely, that the product or
l .03 rim, the Radlauon Proteouon Guide nuclear material shall not transfe* pas. material le not likely to be inhaled or .

fcr 11 embers of the general populauon sessich or control of such product except ' ingested, and that use of lower concen.
reconunended by the President in his pursuant to a lleenas issued by the Com. ' trauona is not femalble.

'

,mernurandum dated May 13.1960. The mission."
.

(3) Each person liaanand under this
.

propi sed esempt eoneenirations are high Prf or to esecuting any agreement pro. paragraph shall file an annual report t
ienou, h to make quality control applica. Tiding for assumpuon~ of regulatory re. with the Director, Division of Licensing .
* *
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16 8 INTEGRALS IN CYLINDRICAL AND SPHERICAL COORDINATES 927
.

*

g

The volume element in spherical coordinates is'

dV = p sin 4 dp d4 d6 (2)2

d (as shown in Fig 16.42) and triple integrals take the form

pg 6 /
V -

fff F(p.c. 6)dV = fff F(p,4,e)p sin & dp de de. (3)2

To evaluate these integrals we first integrate with respect to p. The proce-
dure for finding the limits of integration for a region D in space is there-
fore the following-

1. Hold + and e fixed end let p increase. This gives a ray out from the
\,

origin.
2. Integrate from the p value where the ray first enters D to the p value

,

h
where the ray leaves D. This gives the limits for p.

3[ D
3. Hold e fixed and let e increase.(This gives a f amily of rays that make a

" fan.") Integrate over the 4 values for which the rays pass through D.

4. Choose e limits that include all the fans that intersect D,

EXAMPLE 3 Fmd the volume cut from the sphere p = o by the cone
p = o. (See Fig.16 43.)

|
Solution The volume is given by

s

p rin & dp d4 de = 2co (1 - cos a).2y= ,

As a check, we note that the special cases a = w/2 and a = e correspond
3 8

te the cases of a hemisphere and a sphere, of volumes 2wo /3 and 4wo /3, ,

respectively. O

*

p sin d

/%pu

/ v sin 4 48

/ 7,

\:s,: , - .
,.

_'~.*p~ d >f ,

, @,p ..N
,q, . . .

,

N'

|
'

,-,' ,,_ - % ry ,-
-

I

, .

|
#

0 + dt
,

16 43 The volurne cut from the sphere
1s.42 The volume element in spherica? coordinates

p u a by the Cone $ s ab dV a dp*pd$'psine d6

I

A

.!
_

_



. _ -

<

1 i . I, .
,

I I.

- |. 1
.

'

> ,'

. .

i*

, 7.
g - . . . ,

'. - - - - .

4

.

Vd:
Vdd3NGIX 3' )3w#!mP( ' -

yp! osa nenna )13Hd(d -- - - -

aveltA em mus'a'J'
34

su3 usa sts44lus den 3a 3tse
A 3to 3ss3e11tstom evetvt:41 asivt uvws3

s ae,ma uma set s usa e ,re ma es,es ri

$ 8*t942*86 E*6093*49 4*t493 05 G*0
t't993 084*elet 3*t943*04

t'6493-09 8*996,8-06 S'0t O8893 01 l*6483 eel4 ettE 4*6483e91
t'elle t &063604 t'' l et 3 01 et02-ot l ttl109 S'4443 eel

l'6863*05 9''9443 09 l '' ti? 3-e t 4*O8''4446 l'*6862*84 C*t003-01 l*
-l 9*8843 69 l*fet3 et e'0

l't963004 l 8263 01 l'6693-09 0*4s'etoG l't962*61 t*2043-05
8962608

6 t*02(4 4*ltt3*84 C*tl&3=$(
4'tf00 6*4991*08 t'tt&3-et 6'*4913e08 l'9&t3-0( l'9403 ot 9*4
0'tf66 S'9983*00 t*t191-4( S'0993940 E''t863 et E'0893-09 4*8

4'0904 8*0893*00 t'8663'tt 9*0842*08 E'9493-0( 3*3903-09 S'9
0960 1*t932*00 t*t923 tt & C9t3600 t'0993-98 8*t991 06 8'8

s'0690 9*9493*00 t*td53-ot 9'*9862*09 **4453-88 E*04t3 09 8't4S'
t ' 49 53.0 ( 3*6033.466'Oet63 -ot4'0664 9't983e00 t'4463-01 9't951*04

S'e
4093

t'6083 89
et

$'5883 08s etse s'6463008 t*t443 et 6*6913*00
t* 8'te''ttot 6*t943*04 s'tte3-ot s' tit 3*44 4'0993 0( 4*t'9983 ot

4'8543 02 D*2603-09 4'069t3ete t* tit 3-01 t*4693*00
t'Et61*44 t'tll3-ot t*Gt63etS8'0904

l't*t'0600

8'l044 t'tt03*00 t'9883 01 9*E943900 l t943-02 t'9493 09 t'$
s tt$$ t'9693,04 t*5933 9$ t*&002*48 E'*0891 02 S*t993-49 e*0

tt93*44 **4t03-03 9*Et&3-09 S'0
s '' t f 0 4 t tt03,00 s'G&63etC

e t'9881-et.

t 0663 09 4'e
t'6643 03 4'0493-09t'0903 04 t'0693-4( t0*lt56

0*tetS 3*3481e94 t'eti3-ot E '' 9 4 6 2 * 6 0 t543 03 s' 4*4
s'ttot 3*6642,00 t'3tt3 et 8*9981*00' 9'*8693-03 4'8993 89 S'0*

8403-02 l'4983 0( 8'0
S'tti3-el l't493-et 4'0t'6913-tt 3*tttae090't000 8*9493,00 l't*t493 00 t*t953-4( t*26636461 s't690

1 t803-ot 0*el'9593-08 l'9443-488093-6$ 3*204J*00 4 *EGt3 el
8'92(3-4(teet t 8493*es

e'9604 2'*4t62*## l'E l'0953 ot
t'8963044 l*1261-el l*6993 0(

* $'8 8993 03t'lt63 ott'$000 8*0043*00 t'ettaeteS'ett3.0t
9'0803- 4*1693-4(0963*00 l 4923-01 l'9983-08 l*0293-08s''ttes t'0053*00 t 6933 et E''6lt3994 3'*3461 04

0(ff00 8t42*04
l*

e't890 I'4593*46 s' tit 3 0( l*4983+00 8*1633 98 8't&93-et 8't953 01
l063 41 l*9643 66 ,l

8'0009 s''0613*se &''9433 et n*6843*44 C*3842*04 8'9923-er t'0903 64et43*eG
8'otse l' 6*9462-et n*4641*00 t*Lt03 04 t'
t'

,

3453 et 8*6653 91 t*&193 el
'

l'0446 l*0043e00 l'0493-63 l*8643044 t'0063-48 t 9483 et E*0463-086*8590 l*6603040 l t943 02 l 9163*00
!. l'teet 4*St62*eS l'*9243 92 l'*0953*04 9*443-01 e '' 018 3-tt91 et 4'09&3 01l 5593-91

$'St83 et S'6t93*ti8 ''lle t l 8483*00 l'6tt3-83 l'0943*00 9*thtI-46 5* et
6'tt83*00**0448 l'' tit 3ete **tir3 42 4*81t3*04 6*9883-01

ttet 9903*00 et63-03 l'9863e08 n*2202*44 4*t863-4( l't643*06I
t'0006 l'tdr3*et t'9293-ot 8*4493*09 l tet3*64 6*0553 4( s'l t,

t'6904 l'' tt 5 3* 0 0 t''t943-02 6*6293004 l'*&523*00 l*0tt3-tf l*9523*00
t'

s'ttet l'0643*04 $'6203-02 l*4903*00 t'0403*44 4*Et53-08 l'8353*40
5040 l*6042*00 6'6043-0E l*4991*00 8'89$3e00 l t463-82 l 6982*00

t'0004 l*4t43e00 9*4483-03 l 6943e40 2*6693*04 l''6693-02 t '' 6 8 6 3 6 0 06*
$'lete l 6103*04 t $893 42 8'*0062908 1961*04 t'&&t3-48 8*t513*00

t'0843*00 l'6653 039*0069 l '* 4 t 6 3*4 4 9''t603 02 2*42(3+00 t463*99
t'9et3*44t*
t's 0060 l'et91*80 l*0063-ti t'8612*60 t $043668 3*t463-02t981-el t'0603e00 t'6663e08 9993-82 3*4693*04

E'0543-02 t*6193*448'*0000 6*4423640 l't903-016'0004 l'6951*$0 l' 3*8383*04 t''t953*40 t*
'

L683e00 s et53*00 t*tt83-02 t'tt43*te
8'8881*00 9''tt93*04 9't993-83 t'D683e09le 0000 4*4443eet L*6983-46

6 2 '* $ 0 0 0 0223600 2*0803 06 E*
t'0923ete t'9623-et 2*3661*84 1't953e60 6't002-02 C*4602*00I'

ll'8840 2*0663900 r*6941-04 8'tl&3*00 8*2562*se 9'tft3-02 t'0602e60
0000

84
30''0404 3*ett3*00 t'9953-tL t'9881*00 4*t453*00 &*4593 03 9*E923*90it93*00 tt23*88 8*6tt3-02 t'9&62*90

t'9991*04 l'ttt3*98 l'0953-34 S*0883*600600 t'0453*00 t*6051 04
25'0000 8' llc 2*00 5'5991-64 t l'

te'0000 t't891*40 9'6613-06 3 '* t 99 3 * 0 0 l'6041*06 4**t02 el 6't661etetE'
'

1, 4043*04 l tit 3*05 l t963=el $*6683*00I

8'0853*044000 t*4962*04 A 9963 08
90'0000 3*6523*48 9'*&t93 el l''9891-04l'9563*06 6923-64 S*4493*00

t't983*04 t '' e l t3* 0 605 6163*00
t't913*00l'

58''eteS
9853-06 t*

8060 2*lt63e00 6'0403*00 t*3991*00 8'l&43een l'tt63-tl 9'tt23*00ll' **l&03t46 l*
2043eet s' tit 3eet 2*t802*08 l'6993 06 9'

l't843e04 t*tll3ete t'9043*06 **Et93-ti 9*1tt3*0094'8900 2*stt3*04
40'0004 E 8623*00 l

8e'ette t'8413*te l'9923*00 t'0913*44 3*Sd53*08 0543-ti t'8693e$0
t'91t3-46 4*8293$00ot'ette t '' t i t 3 * t e l''9953*09 **4461*68 t'6841*et 8'

0=
'

|

|

|

948

.

_ _
..



_ . . - . .

, .

\i *
V

t

|
t t

I

- . ~.
, -._ ..-.

Ydd31

. 5
Vdd3NGIX 3' )O't88*P( _

38gmstitseia ogess
|

3K3u91 &&OddINS 40M3E 3507 3941t110N 83K5'3JJ' 8 4-

30111510N WVOIV1tA3 10191 39M02 At314 30uu' "

ga gA segpo ma segpS ga se /8 8/8*ss

eP
O s's' eses LPS&3e01 s 0003 98 l*4593*01 t*3tt3*69 l'9t23 09 S'4 I9993-0( l'6433*eL **&991 09 l*6483-69 8 O'

l'' 549 3 = e t E'9403-09 8''O
0'0686 l'Elt3*66 3493-ot 8

S L'ttt3 eel 9 5943-09 f O'0*0lle'n't611*et 64(3-0( l*ltt3*06 8 '* 6 4 7 7*t 9 S'08''9393 et t'6693 09 6
g-eilG l 8483*46#'eget L'*4002*46 ** s'48 L 0903*04 l'0903-et g-

s'st54 S''9293*00
e*4991*88 l*6453-4f t'9463 et6932*04 8''9191-6$

t'6590 8'8233e0 0 t'O
t 2*6693 ot **0991. 6t uu t .r I ::8.*r u. 9'u n*.6 8.'c m.u$ t 'et u *. 4 t r u 3-.tt L643 9

4

. u u. t etu... n et3-65 . r u..t .v t e-
$*&t63..t

.cte. , uu*..
et 6*0202*04 t'0653-85 S Gt63-06 S'O

tet3e00 t 90t3 et 5*t493*00 6*tt62*08 9''0653 09 e'0
; t'

t'esle s tit 3666 0*

$'' e t t 3 e 0 0G'*8253-05 5 0993*44 9 t003-01 9'5883-09 S'O
etec

s'8Gte
0 ' g4

$' -ot t e ',
0*4906 t'tt93*40 $'tt&3.tf 0'C523*00 4 '* tt t 3*0 5 9*6993.89 4't
O' r

et 9*2483*00 6'66t3-0( 1*ft43et00 t*2433*00 5* tat 3.0(ett3 *08 t'8463-03 8'9913 09 t '' 80'9900 4043e00 ||6 "r ue t'rt 3ete 6'r643-ot s ' e l S 3.n i rt s3-68 ntu et ere t 6 er!02 g

0563-45 $ t493*94 L C603-02 n*0243 0( 6*4
" 0)3

*

t'6993.00 .5663e 9' tit 3-ot8'l000 6432*64 t'st02*lI L*3043 01 O'O g=

8''9952e09' t'9243+et8 t l*Ct63-01 er i06 9*6*ltse
t'9461*60

g-9*tet3 954'4506 t'tif3*06 9*6993-05 t''t443*00 t691-02 l*Ett3-ot 8'6 0-84(4
e'2040 t'0693*00 9C491-41 *'tt53*94 t're03-03 l'9691*8E 8'8 t'
6* 2
8'2500 8'L023600 t 2501 01 r*L442*64 1*&091-02 t*6653-ot 8'4

s '' t t 6 3- l'6403*00 L'et93 04 8'Z&&3-4( s'4 g'

9*3993.ot0 t004 t*4923*06
01 l* tit 3+ot s't m -06 t'5063-0( 0'o8''tf00 l'9991*40 gP

t'9963 ot
6953- gL5663 04 2*9493-05

t' tit 3-el t 0453-et4'0010 l'4613*04 t'8543-6( l*t432*00 t 02 O"l.ot L*4962*00
tf00 4*tf63*04 ertt3.62 6 U091*68 t'8261-01 t'* ttt3-o t t '' 9 t 4 2 * 8I tf4'5006 l'9691e04 l 0063

t'E600 9493e00 t '' t t 91.e t t 6603-01 9 * & 9 0 3 *'o k - 0*I
9963*40 l'*8463-63

l'95 3e00 4*4443-04 C'*t993-otl'9901*60
8'

S'6613.ot
- g-

itt3 63 s

l'99t3*00 l't961-02 t'9693*96e*t000 l tL63tt03=el t661-61
t'6513-04 t'ett3-ot s''t903.oll' l*4'4006

t's000 l'G&62*00 l rt93 03 t''56t3*00 t't681 ?( t*t661-04 f**
$'4*6000 l*ftt3*00 4*6463 42 t'st43*06 t ' t t h-e l g=

6 t3-ot 9543 06 lPl*0000 6'G5Z3*00 6'4683 62 l'5102*00 $*2203-46 S't903-0( t'0603 040683 06 t* ** 3 g-
s'FG00 8'6002*00 2*8463+$! l t983*66 9'0102-066993*00 E663+et $ 2463 04 gr

l '' $,21* 0 4 t'let3*00 S'6603 01
-

l*G004 l*Gt93*00 t*tt93 02
9''0991 04 } g-t603 04

l*
l'6903*00 4'ltt3-03tt43-02

4*4508 l'6612*00 s'9443 03 n'tt63-02 t't623-ot
g-'

t' l ttt3*00 l8'6006 &'5441e04 l' i

5913*00 t ' 9 9 tl:-6 2 l''9093*00 l 4* j

n'ttE3*08 L'Ct63+02$006
l'G493*0t'0006 l 4

n'tt91*0 }
;;n'ttt3*00 t e m -ott e' ti t 3-0.t

l'9tt3*06
tu. 2$

n eu *.4
l't eneGtu.tSt 'r 00 n 902*0 g-

t893*00 tt63-02 lr463*00 $*
2'9163*00 2'9662*OI4023 02 l'9863*00s'0000 L*9693*00 t'tLG3-02 l'II'3'08 g*

t'4963-ot 6^9461+00 g*4* l t063*00 Is'ttes l 9493*00
t''2593*002'2153-02 l't613*00 g-l '' t 6 9 3 * 0 0

6402e00
l '' 9,t 4 3 * 0 0

ttt3e069243*00 l'0593-08$'0600 t* t*l'l* l't923 06.$*$000
4 l'tt43 0( t*4493e00 t'Gt63e00 t 5603 02 l*6013+00 6'-

l'9942*00 t''SGt3 02 E'36Z3+00
0000

t'0000 2233 02 ll03+00l **4653*09
l'tt43*40L'lt93.ti

l'9993+00
1' t'9tf3,00

t. r t u-0 2 2'e m e00 1n'89f3*00,l*0993 040

n'taf3*0
'

-S'0008 itu.t4eu*66nu eiene4n 006
L663 OZ 8'9L63*00 ! 65'

0000 LC053*00 !'t463 06 l'ett3*00 G*9863*00 t'9Et3-02
gg>

6953*00 i

60'G000 t'2263e004891*ec tis 2*06 2*0583*00 t'4tG2*00 t 40'
t'1693*00 t'8503 06 2'tt83e00 0*lt53*00

(
6 '' 0 9 2 3-o t

82* 4563 02
t'0493*00

2G'L* t'65 0000 t gg'l*2662*00at'G000 4*dtt3*40 t'6663 et 2*2283e00 6'0401*08 l'3093 01 t '' 9 6 5 3 * 0 0 gg'
24''0000 4*tt51*00 $ t983-6L 2*tt62*te l*

*493-06 t'0161*00&642*66 t '' 66 91-0 6 3'9943*04 l 3493*06
6'4263+0625*0000 t' tit 3*84 t*644,1*46 2*9t53*00 t'9291*0680'0004 4* 3-06 **9923e00 l '* * t 2 3 * 0 6 tet3e00
l'6963-ot t'9943*00l' t'

C5'0600 l'8891*44 l'00 50

94 6404 l'8902*00 L*4943*04 t'0043+00 l*4693*eL **t803 06 t'4063*00 gg-
lL51e006463*00 L*6513604 **tt91-ot

s't063+00 ,j.95''0006 t 8642*04 l t842*00 s't5L3*00 tt83*04 t'5461-06
l'r993*0050*0000 L'*9903*06 L'*t6L3*06 g-

t'8593*et
C*

3 0963-46 t go
t't663*el 3*4t83-08 E'9963e00 60tf*0000 4*t983*00 t'9653*06 C*Et53*06 2*60'0000 l*t193*04 l*0662*00 t'9653+00

48'0000 t*ft62*00 8't503*06 **0563*00 2'9552*86 t'2993-04 l'4443*00
80'0000 L*6003*00 2*9813e00 t*ttt3*04 3*tetleel t'5It1.ol 9*t693+00
64'0660 l'6061*06 t'stt3*09 t Ct41+04 t'tL43*01 tCt83 64 t r303*00

f89

,



]
"

<

<

." 19

,

Figures 6 and ' which are taken from Rockwell 22, give va'fues for the more.

frequently used ex onential integral functions. Oace again, for other than

small values of b, the buildup. of scattered radiation must be considered.

From an inspection . of the . above equation, one can see that when 0.zt, (an
infinite plane), then:

i

2 (Pt)-A E
4 =

P 2

So that one can quickly compute an estimate of the flux density, whether
there is attenuation or not, provided pt is not too large, for then the

g fBu-ex.4 //' fyb37buildup would have to be accounted for.

) U
-

3. SPHERICAL VOLUME SOURCE

The differential flux density from
the volume element (dV) along r is

. ' < S'
ydV

' ' '
d$ = whereg ,' | t- P 4nr2

#'
o- */*

, ,1 os >

,e /* B S ph
s' r' d S =4 3y ,,
<> o' ~~,% s o
.94 //
* 1 <,

and dV = 2nr2 (1 - cos0) dr

R 2=r2+a2- 2ar cose Z P )o g - VC /
which leads to: C f

Q.g O * pQ hA T
,.a + R,

" (1 - cos0) drQ =
P 2

da-R
- o

-. .
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by expressing cos0 in terms of r and integrating, the following result is
obtained for a point outside the sphere:

--

S a+R
"" 2 2

2aR - (a -Ro )1n a-R,$p = 4a
.

o

.

C+.her results which can be obtained are:

Point at ' center of sphere: $ =SR
P Vo

SR
"

t oint at surface of sphere: $ =
P 2

'[ Example: Given a small, thin-walled sphere of diameter 2 rm filled with a
.

4 NaI solution. The sphere contains 10 mci of 1311. Compute the exposure

W rate at the surface of the sphere. Assume that all beta is absorbed in the

I sphere and neglect any gamma absorption.

A. Compute Q . a=R = 1 cm
P o

7 p_S _ 10 mci (3.7 x 10 ) ; g g
3 C* ~8

p3 1 (1.0)3v
o 3

g/3

7 p
4 _ v o _ 0.83 x 10 (1) 4,g g

p 2 2 cm -s,

B. Compute $ - From Mird Pamphlet No. 10 (Fi g. 8 ) , 131I emits 3 photons which
account for 90% of all photon emissions. Using these to gat $:

_ . - _ . _ . _ - _ _ __ - - - . __ - _ . - - . _ - _ _ _ _,_ _ _
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PYen .
n Ef en)

-I-

E 2
3 p q"i 3

4
0.0578 .2843 .0285 4.68 x 10

3
0.8201 .3644 .0295 8.82 x 10

~3
0.0653 .63C7 .0297 1.23 x 10

~21 = 1.05 x 10
i

"
QIn.E.\ pand $ = 6.57 x 10~5 i

2 2j
.

6 (4.42 x 10 )(1.05 x 10 2) = 30.5 R/h.7= 6.57 x 10

For a sphere in which one can neglect absorption, the ratio of the flux
density at the surface of the sphere, computed by the exact expression, to
that obtained by assuning all the activity is located as a point source at
the sphere center, is only 1.5. Thus, when the ratio a/R > 2, one may use

9

the point source apprc.ximation:

b

Q _
S _ vR3

- - - ,
2P 4na2 3a

O 5
since the error will only be about 6% for this satio.

k' hen there is 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 solutions to determine the uncollided
flux density, but do not deal with buildup. The exact solution of the flux

sphere with t. elf-absorption and external attenu-density e'pression for a
28ation leads to the following integra1

. . - .- . . - . . . - . . -. . - - -_ - - - . - . . .. .- - . . . -
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Tapaz Isotopes, Data, and Beta Dose Calculations

Density: 3.5 cpvan"3
Stone Mass: 5.00' grams
Stone Radius: 0.70 cm

.

_a
~

1

i Coltums A thru I are input data

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

! T1 / 2 (Mev) (Mevan"2/g) (an) (uci/g) (dps/g) (cm)

Na-22 949.00 0.216 1.00 2.256 0.018 1.e-06 0.037 0.049
* Na-22 949.00 0.216 1.00 L256 0.018 4.e-04 14.800 0.049

Sc-46 83.85 0.112 1.00 3.192 0.004 4.e-04 14.800- 0.017
,

"

i m-54 312.50 0.000 0.00 0.000 0.000 1.e-03 37.000 0.000
4 Zn-65 234.80 0.143 0.02 2.765 0.008 1.e-03 37.000 0.025

Cs-134 751.90 0.157 1.00 2.627 0.009 9.e-05 3.330 0.030
T,-182 114.50 0.125 1.30 2.972 0.005 4.e-04 14.800 0.020

3

1

i
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Cblumns A thru I are input data for additimal isotopes

Isotope IIalf-Life Beta Brandung Stopping Range to Max Conc Range Eave

(days) E ave Ratio Power Eave 70 kev in Tissue

T1 / 2 (Nev; (Mevm^2/g) (m) (uCi/g) (dps/g) (m) _

Cr-51 27.70 0.000 0.00 0.000 0.000 2.e-02 740.000 0.000

Cb-58 70.80 0.201 0.15 2.321 0.016 1.e-03 37.000 0.044

Eb-59 44.63 0.118 1.00 3.091 0.004 6.e-04 22.200 0.018

O>-60 1923.92 0.095 1.00 3.489 0.002 5.e-04 18.500 0.013

As-74 17.77 0.438 0.64 1.762 0.060 5.e-04 18.500 0.143

St-85 64.84 0A99 0.01 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 3.e-04 11.100 0.222

Zr-95 64.02 0.116 1.00 3.125 0.004 6.e-04 22.?',0 0.018

t4>-95 35.06 0.043 1.00 0.N0 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

Sb-124 60.20 0.378 1.00 1.833 0.048 2.e-04 7.400 0.116

Fh 125 1011.05 0.037 1.00 3.714 0.001 1.e-03 37.000 0.011

L -133 3832.50 0.320 0.10 1.931 0.037 0.e+00 0.000 0.090

* B.*-133 3832.50 0.320 0.10 1.931 0.037 2.e-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

11f-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 46.60 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 0.916 9.e-04 33.300 0.044

,
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Glt8ms K thru Q are dose calcul;tions(
wAnovament'

Beta Beta -Isotope
vol 1bpaz layer Half Initial Do,e for Dose for

1heta coef w/ beta Activity dose rate first year first year

(ca'3) (Bq) - (arenVday) (aren) ' (arem)
Na-22 81.79 1.80 4.73e-02 3.06e-03 9.14e-04 0 0

* Na-22 81.79 1.80 4.73e-02 1.23e+00 3.65e-01 117 18

Sc-46 65.53 1.23 6.72e-03 1.74e-01 2.69e-02 3 0

1 let-54 0.00 0.00 0.00e+00 'O.00e+00 0.00e+00 0 0

Zn-65 73.94 1.51 1.66e-02 '2.14e-02 4.23e-03 1 0

: Cs-134 76.27 1.60 2.18e-02 1.27e-01' 2.76e-02 9 1

i Ta-182 69.72 1.37 1.05e-02 3.54e-01 6.11e-02 9 1
.
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Coltams K thru Q are dose calculttions - bW,

'

,

1

! U _' . /1 movementw
: ' Isotope Beta Beta

vol 'Itpez layer . Half Initial Dose for -Dose for-
'Iheta coef w/ beta- Activity . dose rate first year first year:

j (an"3) (aq) (arevday) (aren) (aren)
a Cr-51 0.00 0.' 3 ' O.00e+00 0.00e+00 0.00e+00 0 0 - . _

{- Cb-58 80.85 1.76 -4.06e-02 3.95e-41 1.09e-01 11 2
~~

! Pe-59- 67.64 1.30 8.38e-03 3.25e-01 5.30e-02 3 l'

i 00-60 57.42 0.97 3.00e-03 9.73e-02- 1.29e-02 4 3

i As-74- 87.19 '1.99 1.60e-01 3.31e+00 2.00e+00 51 8
-St-85 0.00 0.00 0.00e+00 0.00e+00 0.00e+00 0 0*

: Ib-86 88.43 2.04 2.60e-01 1.21e+01 1.12e+01 301 45

! Y-91 88.19 2.03 2.39e-01 4.65e+00 3.86e+00 321 48

1 Zr-95 66.98 1.28 7.81e-03 3.03e-01 4.86e-02 4 1
i M>-95 0.00 0.00 0.00e+00 0.00e+00 0.00e+00 0 0

i Sn-113 86.68 1.97 1.35e-01 2.76e400 1.48e+0C 219 33,
Sb-124 86.54 1.97 1.29e-01 1.67e+00' 8.72 M 1 75 11

| Sb-125 50.48 0.76 -1.46e-03 9.43e-02 1.13e-02 4 1

! Ba-133 85.56 1.93 9.92e-02 0.00e+00 0.00e+00 0 0

: * Ba-133 85.56 1.93 9.92e-02 1.28e+00 5.67e-01 200- 30
.Ii Ce-139 76.13 1.59 2.14e-02 2.64e-04 5.68e-05 0 _0

* Ce-139 76.13 1.59 2.14e-02 1.32e+00 2.84e-01 47 7'

| Ce-141 74.32 1.53 1.73e-02 '1.21e+00 2.42e-01 11 2- +

| Rf-181 68.02 1.31 8.68e-03- 4.72e-01 7.76e-02 5 1.
Ir-192 79.06 1.70 3.13e-02 8.11e-01 2.02e-01 21 3

Hg-203 84.25 1.88 7.38e-02- 2.20e-01 8.19e-02 5 1

Pa-233 80.76 1.76 4.02e-02 1.17e-03 3.23e-04 0 0
* Pa-233 80.76 1.76 4.02e-02 1.05e+00 2.91e-01 11 2
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*h(bltums K thru Q are dose calculations -
.

w/inovement. .

Isotope Beta - Beta
Vol Topaz layer .. Half Initial- Dose for Dose for

'Iheta coef w/ beta Activity dose rate .first year first year -

(m^3 ) ' (Bq) . (arenvday) ,(arem) (arem)
h 22 81.79 1.80 6.13e-03 3.97e-04 1.18e-04- .0- 0

* Na-22 81.79 1.80 6.13e-03 1.59e-01 4.74e-02 15 2
Sc-46 65.53 1.23 9.03e-04 2.34e-02 3.62e-03 0 0
h54 - 0.00 0.00 0.00e+00 0.00e+00 0.00e+00 0 01
Zn-65 73.94 1.51 2.21e-03 2.86e-03 5.64e-04 0 0-
Cs-134 76.27 1.60 2.90e-03 1.69e-02 3.66e-03 -1 0
Ta-182 69.72 1.37 1.41e-03 4.74e-02- 8.18e-03 1 0

--

W

1

-.

4

W

J

w

<

e

e
s ---

- - _ . _ _ . - - - - - _ _ _ _ . . _ _ _ - _ ___-__ - - -.____ - _.._ ---_- ___ -___ --- - . . , - - . 6. - n, - -,.- .-~-. .1--. __s, , . n-~' _ - _---.J



*

| '

Cbltums K thru Q cre dose ralmlations b
wAnavement

Isotope Beta beta
.,

Vol Tbpaz layer Half Initial. Dose for Dose for
'Iheca coef w/ beta Activity dose rate first year first year

(an'3) (aq) (arenVday) - (aren) . .(aren)
Cr-51 0.00 0.00 0.00e+00 0.00e+00 0.00e+00 0 0
Cb-58 80.85 1.76 5.30e-03 5.15e-02 1.43e-02 1 0
Ew-59 67.64 1.30 1.12e-03 4.37e-02 7.11e-03 0 0
Cb-60 57.42 0.97 4.06e-04 1.31e-02 1.74e-03 1 'O.
As-74 87.19 1.99 1.86e-02 3.85e-01 2.33e-01 6 1

'

Sr-85 0.00 0.00 0.00e+00 0.00e+00 0.00e+00 0 0
lb-86 88.43 2.04 2.75e-02 1.25e+00 1.15e+00 31 5
Y-91 88.19 2.03 2.54e-02 4.94e-01 4.10e-01 34 5

Zr-95 66.98 1.28 1.05e-03 4.07e-02 6.52e-03 1 0
142-95 0.00 0.00 0.00e+00 0.00e+00 0.00e+00 0 0
Sn-113 86.68 1.97 1.61e-02 3.29e-01 1.77e-01 26 4
Sb-124 86.54 1.97 1.55e-02 2.01e-01 1.05e-01 9 1
Sb-125 50.48 0.76 1.97e-04 1.28e-02 1.53e-03 0 0
Ba-133 85.56 1.93 1.23e-02 0.00e+00 0.00e+00 0 0

* Ba-133 85.56 1.93 1.23e-02 1.59e-01 7.01e-02 25 4 ^

Ce-139 76.13 1.59 2.34e-03 3.50e-05 7.53e-06 0 0
| * Ce-139 76.13 1.59 2.84e-03 1.75e-01 3.77e-02 6 1

Oe-141 74.32 1.53 2.30e-03 1.61e-01 3.22e-02 2 0
#

Hf-181 68.02 1.31 1.17e-03 6.34e-02 1.04e-02 1 0
Ir-192 79.% 1.70 4.12e-03 1.07e-01 2.65e-02 3 0
Hg-203 84.25 1.88 9.34e-03 2.78e-02 1.04e-02 1 0
Pa-233 80.76 1.76 5.24e-03 1.53e-04 4.22e-05 0 0

* Per-233 80.76 1.76 5.24e-03 1.37e-01 3.79e-02 1 0
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1tpaa Gamma Imme claitati:m
__

Density: 3.5 grawtz 3-m a= 0.70 a. 1.00 / e7 4.70- #

Stm e Mass: d.00_ gramms 5 12E 1.733 ' IJe 0.v.20

St em Radius: 0.70 cm I Generic Qua 0.9763 ric flum 0.51 ric flum 0.097

Stmo vbhme: 1.4236 cm 3 b. -

---

I &$ & & m-
AT b c sEnm 1stegrated AT smuwz e asnm AT 3 fot AT 3 ret AT Ot AT 4 Ot

n=* om-nt
Isotcp Half-l.ife Max Omc Grama Activity rius- Itse rate recta 1btal first 10tal first Flux tbtal first rius 1btal first

(dmys) (4 W9) ractor (4m) (4 man 2) (u4 tiny) (dmy) year &me year ese (4 sam'2) year due (4wts'2) year due
T1 / 2 (km u nct) g,r.) g,r,m) (.ren) (arem3

een-22 949.00 0.037 12.00 0.13 4.52e-02 4.44e-03 320 1 0 1.66e-02 1 6.70e-04 0
.

a ter22 949.00 14.800 12.00 51.80 1.81e+ci 1.78e+00 320 569 85 6.65e+00 209 2.68e-01 8i

So-46 83.83 14.800 10.90 51.80 1.81e+01 1.61e+00 115 186 28 6.65e+00 68 2.68e-41 3

pe>-54 312.70 37.000 4.70 129.50 4.52e+01 1.74e+00 250 435 65 1.66e+01 160 6.70e-01 6

erMS 244.40 37.000 2.70 129.50 4.52e+01 9.99e-41 227 227 34 1.66e+01 84 6.70H1 3

0-134 752.63 3.330 8.70 11.66 4.07e+00 2.90e-41 310 90 13 1.50e+00 33 6.03e 02 1

1sn-182 114.74 14.800 6.80 51.80 1.81e+01 1.01m*00 147 148 22 6.65eec0 54 2.68e-01 2

|.'
i

i,we eta for etimal isotros
AT Sana AT asnm Integrated AT SRrNZ AT asnm AT 3 foi AT 3 fot AT 4 Of AT 4 04

Dome o mment
12otipe Half-Life Max Onc Gamum Activity Flum Dame fata ractor 1btal first 1btal first rium 1btal first Flux 1btal first

tdays) (4wW ractor (4m) (4mtm'2) (mreley) (dmy) Year due year due (4Wba'2) year dme (4xAn'2) year due
T1/ 2 (km 2,Aum il (mram) (mren) (mrem) (arem)

,

cr-51 27.70 740.0 0.16 3700.00 9.05e+02 1.18e+00 40 47 7 3 33'*02 17 1. 34e+01 1

Q>-58 70.80 37.0 5.50 185.00 4.53e+01 2.04e+00 99 202 30 1.66e+01 74 6.70e-01 3

ftr59 44.63 22.2 ?.40 111.00 2.71e+01 1.42e+00 64 91 14 9.98e+00 34 4.02e-01 1

O>40 1923.92 18.5 13.20 92.50 2.26e+01 2.44e+00 342 8 35 125 8.12e+00 307 3.35e41 12
As-74 17.77 18.5 4.40 92.50 2.26e+01 8.14e-41 26 21 3 8.32e+00 8 3.35e-01 04

3r-85 64.84 37.0 3.00 185.00 4.52e+01 1.11e+00 92 102 15 1.66e+01 37 6.70e-01 2 , ,

fe>46 18.66 25.9 0.50 129.50 3.17e+01 1.30e-01 27 3 I l IS**01 1 4.69e-01 0
Y-91 58.51 11.1 0.01 55.50 1.36e+01 1.11e-03 83 0 0 4.99e+00 0 2.01e-01 0

tr-95 64.02 22.2 4.10 111.00 2.71e+01 9.10e.01 91 82 12 9.98e+M 30 4.02e-01 1 ,

94>-95 35.06 37.0 4.20 185.00 4.52e+01 1.55e+00 51 79 12 1.66e+01 29 6.70e-01 1 ,

!h-113 115.10 33.3 1.70 166.50 4.07e+01 5.66e-01 148 84 13 1.50e+01 31 6.03e-01 1 {
$b-124 60.20 7.4 9.80 17.00 9.05e+00 7.25e.01 86 62 3 3.3 M 23 1.3M 1

,

Sb-125 1011.05 37.0 2.70 185.00 4.52e+01 9.99e-01 32! 323 48 1.66e+G1 119 6.70s-01 5
Ba.l i a 3832.50 0.0 2.40 0.00 0.00r+00 0.00e+00 353 0 0 0.00e+M 0 0.00e+00 0

* aa-133 3832.50 74.0 2.40 370.00 9.05e+01 1.78e+00 35 3 627 94 3.33e+01 231 1.34e+00 9
,

+

Cw139 137.b6 0.0 0.66 0.19 4.52e-02 2.44e-04 167 0 0 1. M 0 6. M 0 i

* O * 139 137.66 185.0 0.66 925.00 2.26e+02 1.22e+00 167 204 31 8.32e+01 75 3. M 3 *

i CF141 32.50 33.3 0.34 166.50 4.07e+01 1.13e-41 47 5 1 1.50e+01 2 6.M1 0 '

"

Elf-181 42.39 25.9 3.10 129.50 3.17e+01 8.0 3H1 61 49 7 1.16e+01 18 4.69e-41 1

1r-192 74.02 14.8 4.80 74.00 1.81e+01 7.11M1 103 73 11 6.65e+00 27 2.68e-01 1

Ikt-203 46.60 7.4 1.30 37.00 9.05e+00 9.62e-02 67 6 1 3.33e+00 2 1.34e-41 0
Pa.-13 3 27.00 0.0 0.86 0.19 4.52M2 1.18e-04 39 0 0 1.66e-02 0 6.M4 0

* re-233 27.00 33.3 0.86 166.50 4.07e+01 2.86H1 E 11 2 1.50e+01 4 6.0$e-01 9 ;

*<
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0.999[m-
Desity: 3.5 gramytz') - T / 0.26

,

IN
4.26

Stm e Massa d.25 grams / IN 0.121
nore muitus: 0.26 - im Genetic flux 0.1325 Gerwric fla 0.04 ric flum 0.005
Stme W4ume: 0.0714 ca"3 -

-
- -

64*w I
'

C+e=J Th.3
A? SenCE M assG Integrated AT ESMG M SEFNZ AT 3 994 AT 319s AT 4 Ot AT 4 08

Dome emmmmmt -

lautge Half-Life Max Orc Gamana AcWiity Flum Dose rate Factor 10tal first Tbtal first Flus Total first Flum Tbtal first
(days) (4%) rector (4sl (4Wtz"2) (asWay) (dmy) year < bee year <bme (4s/cm 2) year &me (4 sam *2) year &se
T1/ 2 (!ta LtmC1) (aren) (arama) (arenal taren)

No-22 949.00 0.037 12.00 0.13 1.67e-02 1.64e-03 120 1 0 2.48eH)3 0 4.06 4 0
* teF22 949.00 14.000 12.00 51.80 6.67e+00 6.54e-01 320 210 31 9.92eH11 31 1.63e-42 1

SM 83.83 14.800 10.90 51.80 6.67e+00 5.94e-01 115 68 10 9.92e 41 10 1.63e-02 0-
ph-54 312. 7 37.000 4.70 129.50 1.67e+01 6.41e 41 250 160 24 2.48e+00 24 4.06e-02 0
tr>-65 244.40 37,000 2.70 129.50 1.67e+01 3.60e-41 227 84 13 2.48e+00 12 4.06e-02 0
co-134 752.63 3.330 8.70 11.66 1.50e+00 1.07e-01 310 33 5 2.23e-01 5 3.66e-03 0
Te-182 114.74 14.000 6.00 51.80 6.67e+00 3.71e-41 147 55 8 9.92e-01 8 1.63e-02 0

1 gut data for atiitional isotges
AT M2 AT SEUG Integrated AT SEFNZ AT SmrNZ AT 3 89t AT 3 994 AT 4 Ot AT 4 08

1satge taalf-Life ftaz Orr Gamma Activity Fim Dame rate 1btal first st Flux Tbtal first rium ' 1btal first
(4rAJ) rector (42) (4wtm'2) (asWey) (ds!() year too year &se (4 san'2) year &se (4 sam *2) year &se

(area) (ereus) (mram) (are)
cr-51 27.70 740.0 0.16 185.00 3.33e+02 4. 36e-41 40 17 3 4.96e+01 3 8.13e-01 0
or58 70.80 37.0 5.50 9.25 1.67e+01 7.50e-41 99 74 11 2. 48e+00 11 4.06e-02 04

' re-59 44.63 22.2 6.40 5.55 1.00e+01 5.24e 41 64 34 5 1.49e+00 5 2.44e-02 0
'

o>40 1923.92 18.5 13.20 4.63 8.33e+00 9.00e-01 342 308 46 1.24e+00 46 2.03eH)2 1
An-74 17.77 18.5 4.40 4.63 8.33e+00 3.00e.01 26 8 1 1.24e*00 1 2.03eKl2 0
3r-85 64.84 37.0 3.00 9.25 1.67e+01 4.09e-01 92 37 6 2.48e+00 6 4.06e-02 0
It> 46 18.66 25.9 0.50 6.48 1.17e+01 4.77e-02 27 1 0 1.74e+00 0 2.84e-02 0
Y-91 58.51 11.1 0.01 2.78 5.00e+00 4.09e-44 83 0 0 7.44e-01 0 1.22e-02 0

tr-95 64.02 22.2 4.10 5.55 1.00e+01 3.35e-01 91 30 5 1. 49e+00 5 2.44e-02 0
68>-95 35.06 37.0 4.20 9.25 1.67e+01 5.73e-01 51 29 4 2.48e+00 4 4.06e-42 0
m>-113 115.10 33.3 1.70 8.13 1.50e+01 2.09e-41 148 31 5 2.23e+00 5 3.66e-02 0
s>-124 60.20 7.4 9.80 1.85 3.33e+00 2.61e-41 86 23 3 4.96e-01 3 8.13e-03 0

'

s>-L25 1011.05 37.0 2.70 9.25 1.67e+01 3.68eHl1 323 119 18 2.48ee00 18 4.06eH12 0
no-133 3812.50 0.0 2.40 0.00 0.00e+00 0.00e+00 353 0 0 0.00e+00 0 0.00e+00 0

* Be-133 3832.50 74.0 2.40 18.50 3.33e+01 6.54e-01 353 231 35 4.96e*00 34 8.13e-02 1
De-139 137.66 0.0 0.66 0.01 1.67eH)2 9.00e-05 167 0 0 2.48e.43 0 4.06eHl5 0

* Or-139 137.66 185.0 0.66 46.25 8.33e+01 4.50e-41 167 75 11 1.24e+01 11 2.O le-01 0i

Or-141 32.50 33.3 0.34 8.13 1.50e+01 4.17e-02 47 2 0 2.23e+00 0 3.66e-02 0
Hf-181 42.39 25.9 3.10 6.48 1.17e+01 2.96e-41 61 gg 3 g,74,,00 3 2.84eH)2 0
Ir-192 74.02 14.8 4.80 3.70 6.67e+00 2.62e-01 103 27 4 9.92e-41 4 1.63e-02 0
tag-203 46.60 7.4 1.30 1.85 3.31e+00 3.54e-02 67 2 0 4.96e-01 0 8.13eH)3 0

4 re-233 27.00 0.0 0.86 0.01 1.67e-42 1.17e-04 39 0 0 2.48e-03 0 4.06eH15 0
* Pe-233 27.00 33.3 0.86 8.33 1.50e+01 1.06e-01 39 4 1 2.13e+00 1 3.66e-02 0
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