
























































PNNL Site Dose-per-Unit-Release Factors for use in

Calculating Radionuclide Air Emissions Potential-to-Emit Doses

Nuclide or Decay

Dose Per Unit Release
Factor

PNNL-17847, Rev. 1
CRL-TECH-ESH-007, Rev. 1

Chain @ (mrem/y per Cily released)
89Kr (c)
90Kr (c)

®Rb+D 1.76E+00
®Rb 1.24E+00
®Rb 5.45E-01
¥Rb 1.99E+00
®Rb 1.68E-03
®Rb+D 4,38E-03
QOmRb ()
QORb (c)
8gr 2.97E-02
8msr+D 1.09E-03
8¢ 9.75E-01
5r+D 2.66E+01
gy 8.91E-03
%1Sr+D 9.97E-03
%25r+D 6.90E-03
8y 1.86E+00
0my 4D 3.22E-03
1'% 2.53E-02
My 4D 1.41E-03
Sy 1.97E-01
%2y 3.28E-03
®y+D 6.87E-03
87y 2.98E-01
87r+D 9.40E-01
897r 5.38E-02
%®7r+D 2.08E-01
%7r+D 4.96E-01
7r 1.61E-02
Zr+D 2.54E-02
91mNb (c)
91Nb (]
92Nb (c)
%MNb 1.55E-02
*Nb 1.97E+00
%MNb 1.51E-02
SMNb+D 4.44E-02
%Nb 3.14E-01
"N 5.90E-06
9"™Nb+D 3.67E-05
"Nb 2.20E-03
**Mo+D 6.54E-01
“Mo 2.09E-02
“Mo+D 2.44E-02

June 2009
Dose Per Unit Release
Nuclide or Decay Factor
Chain @ (mrem/y per Cily released)
SMTe+D 2.27E+00
mTe+D 2.30E+00
Tc 5.11E-01
%Tc 1.62E+01
®mTe+D 6.62E-04
®1c 4.81E+00
1017 7.01E-04
Ru+D 9.64E-03
13Ru+D 2.45E-01
1052u+D 4.89E-03
106Ry 9.56E-01
16Ru+D 1.30E+00
192Rh 2.53E+00
=) 3.58E-05
105mRh (c)
1050k 6.34E-03
18Rk 5.65E-09
1%3pg+D 1.25E-02
107pg 7.80E-03
109pq 5.47E-03
18MAG+D 2.11E+00
1%Ag 6.28E-06
109mAg 1.45E-09
HOMAG+D 2.71E+00
10Ag 1.08E-10
MAg 3.23E-02
19¢q 1.44E+00
mcq 1.78E+01
3cq 1.93E+01
1Mcd+D 1.03E+00
15cq 2.78E-02
5Cd+D 3.19E-02
lOGIn (]
Mg 1.68E-02
1smy 8.98E-04
Wmn+D 2.40E-01
14 7.37E-08
Wmn+pD 1.31E-03
oyn 4 41E+00
1135 3.02E-01
135n+D 4.84E-01
1uimgy 1.01E-01
1omgy 1.95E-01
12imgn+D 2.91E-01
121gp 3.62E-03
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PNNL Site Dose-per-Unit-Release Factors for use in

Calculating Radionuclide Air Emissions Potential-to-Emit Doses

Dose Per Unit Release

PNNL-17847, Rev. 1
CRL-TECH-ESH-007, Rev. 1

Nuclide or Decay Factor
Chain @ (mrem/y per Cily released)
1235 9.20E-01
155n+D 2.08E-01
1265 3.12E+00
12%65n+D 5.26E+00
1225 3.27E-02
1245 2.52E-03
1255h+D 6.05E-01
126mgh+D 3.26E-03
1265 4.81E-01
275h+D 6.23E-02
1295h+D 7.93E-03
12imTe 6.51E-01
12 Te+D 1.03E+00
L2lTe 1.35E-01
128" Te+D 3.88E-01
1237¢ 1.24E+00
125mTe 1.60E-01
L2imTe+D 4.95E-01
27Te 1.98E-03
129mTe+D 3.52E-01
129Te+D 6.79E-04
18imTe 3.73E-02
BinTe+D 1.52E-01
BlTe 1.23E-03
BiTe+D 8.07E-03
B2Te 4.90E-02
138 Te+D 7.49E-03
B33Te 1.76E-03
B33Te+D 2.72E-03
B4Te 2.87E-03
B4Te+D 3.59E-03
122) 5.02E-04
12314D 1.15E-02
125) 2.32E+01
129 4.37E+02
130m| (c)
130) 1.35E-01
Bl4+D 3.25E+00
182m) 1.66E-03
182m4p 2.25E-03
132) 1.59E+00
133m| (]
334D 1.10E-01
134m| (c)
134 6.63E-03

June 2009
Dose Per Unit Release
Nuclide or Decay Factor
Chain @ (mrem/y per Cily released)
3514+D 3.03E-02
122y q 1.26E-04
122%e+D 9.38E-03
128xe 1.55E-03
128%e+D 3.44E-03
125% e 6.18E-04
125%e+D 2.74E-01
127mxe (c)
127xe 6.51E-04
129mye 5.28E-05
18imye 2.01E-05
1383mye+D 7.43E-05
133%e 7.71E-05
135mye+D 7.56E-04
135%e+D 6.32E-04
137Xe (c)
138xe 2.10E-03
138%e+D 3.04E-03
Blcs 5.53E-03
B32cs 7.29E-02
134mcs 2.59E-04
1¥mcs+D 3.41E-03
B4cs 1.97E+01
B35¢Cs 2.08E+00
B36¢Cs 5.93E-01
BCs+D 1.46E+01
B8cs 5.84E-03
139CS (]
BlBa+D 8.40E-02
18mBa+D 7.95E-03
13383 5.59E-01
B¥mBa 1.61E-04
1393 9.47E-04
1403 1.21E-01
%9Ba+D 4.72E-01
“Ba+D 2.07E-03
%2Ba 1.80E-03
1%2Ba+D 2.23E-03
138 4 2.35E+00
199 5 6.18E-02
Y a+D 2.56E-03
2] 5 8.70E-03
139¢Ce 1.48E-01
ce 8.24E-02
142Ce (c)
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PNNL Site Dose-per-Unit-Release Factors for use in

Calculating Radionuclide Air Emissions Potential-to-Emit Doses

Dose Per Unit Release

PNNL-17847, Rev. 1
CRL-TECH-ESH-007, Rev. 1

Nuclide or Decay Factor
Chain @ (mrem/y per Cily released)
“Ce+D 1.74E-02
1%4Ce+D 7.72E-01
143py 4,09E-02
L44mpy 5.69E-06
144mpry D 8.66E-05
W4py 3.03E-04
144Nd (c)
“INd+D 5.54E-02
145pm 9.28E-02
“pm+D 1.16E+00
“pm+D 8.91E-02
18MPm+D 9.46E-01
148pm 7.45E-02
49pm 1.14E-02
Blpm+D 1.12E-02
¥Sm+D 8.98E-02
1465m 1.68E+02
1475m 1.52E+02
Bigm 6.66E-02
1535m 1.13E-02
157Sm (c)
= 8.23E-01
1’82me 4D 4,06E-01
B2Eu+D 6.52E-01
ey 8.22E-01
1S5ey 1.84E-01
= 1.54E+00
= 5.94E-02
el 1.81E+02
Gd+D 6.42E-02
BiGd+D 6.19E-02
1524 1.26E+02
1534 1.28E-01
160Th 7.87E-01
1617 2.29E-02
1%5py 9.72E-04
166mg 3.85E+00
%610 8.25E-03
169y 1.65E-02
MErD 4.72E-03
70T m 1.70E-01
i Tm 2.69E-02
164Yb ()
18%vh 1.54E-01
18y 1.23E-02

June 2009
Dose Per Unit Release
Nuclide or Decay Factor
Chain @ (mrem/y per Cily released)
yp+D 1.49E-03
7y 1.98E-02
15 2.34E-01
17emyf 4 59E+00
B¢ 3.26E-01
182 2.38E+00
¥2Hf+D 2.87E+00
19T 3.51E-02
8214 1.05E+00
85T 4.85E-02
8w 1.27E-01
185w 4.77E-01
¥\W+D 1.20E-02
B8\W+D 2.20E+00
186Re 2.80E-02
¥7Re 2.39E-03
188Re 9.37E-03
110 4.42E-02
192) 6.19E-01
%Ay 1.15E-01
%Ay 2.71E-02
203 4.21E-01
200 6.11E-03
204 6.55E-01
206 5.74E-06
207 7.76E-06
2087 1.48E-03
2°T14D 4.11E-04
209pp 8.55E-04
20ph+D 5.70E+01
21ph+D 1.47E-01
212pp 4D 2.69E+00
214pp 1.70E-01
24pp+D 2.22E-01
27Bj 1.99E+00
210B; 1.45E+00
219Bj+D 1.76E+00
21Bj 7.89E-06
2UBj+D 1.28E-05
212Bj+D 4.38E-01
213Bj+D 4,08E-01
214Bj+D 1.72E-01
208P0 (]
ZOQPO (c)
210pq 5.97E+01
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PNNL Site Dose-per-Unit-Release Factors for use in

PNNL-17847, Rev. 1
CRL-TECH-ESH-007, Rev. 1

Calculating Radionuclide Air Emissions Potential-to-Emit Doses June 2009
Dose Per Unit Release Dose Per Unit Release
Nuclide or Decay Factor Nuclide or Decay Factor
Chain @ (mrem/y per Cily released) Chain @ (mrem/y per Cily released)
2lpg 0.00E+00 2y+D 5.76E+01
212pg 0.00E+00 2'+D 5.64E+01
23pp+D 0.00E+00 2y+D 5.04E+01
24po+D 0.00E+00 20y+D 5.21E+01
215pq 0.00E+00 Z1y+D 3.71E-02
25po+D 1.20E-07 2ByY+D 4.68E+01
218pg 0.00E+00 29 3.71E-04
2%pp+D 1.05E-05 29y+D 4.24E-04
218pq 3.64E-09 240 8.38E-03
28pg+D 2.13E-02 20y+D 1.04E-02
At 0.00E+00 ZNp+D 1.27E-02
2TAt+D 4.81E-06 2Np+D 5.10E+01
1%Rn 0.00E+00 2"Np+D 3.60E+02
2°Rn+D 2.68E-04 >8Np+D 4.80E-02
2Rn 1.95E-09 “Np+D 1.92E-02
*Rn+D 3.89E-03 #OMNp+D 4.09E-04
22Rn 1.02E-06 *Np+D 4.31E-03
22Rn+D 1.22E-01 24py+D 3.26E-01
24Rn+D © 26py+p 3.07E+02
21pp 2.29E-05 ZTpy+D 2.66E-02
21IEr+D 3.16E-02 28py+D 7.26E+02
228pp 1.24E-01 29py+D 7.89E+02
22ErD 1.61E-01 29py+D 7.89E+02
22Ra+D 1.16E+02 21py+D 1.42E+01
2'Ra+D 4.62E+01 22py+D 7.48E+02
2Ra+D 9.84E+01 283py+D 1.32E-03
26Ra+D 8.65E+01 244py ©
28Ra+D 1.17E+02 2 AM+D 6.56E+02
25Ac+D 1.15E+02 22MAM+D 5.82E+02
2IAc+D 1.15E+03 22Am+D 2.70E-01
2BAc+D 1.90E-01 2BAm+D 6.48E+02
22'Th+D 1.62E+02 25AM+D 8.69E-04
28Th+D 6.21E+02 21Cm+D 7.58E-01
2Th+D 1.14E+03 22Cm+D 8.10E+01
Z0Th+D 2.26E+02 8Cm+D 4.95E+02
2Th+D 5.34E-03 2Cm+D 4.18E+02
22Th+D 3.97E+02 2°Cm+D 6.67E+02
288Th © 25Cm+D 6.59E+02
24Th 1.46E-01 2Cm+D 6.07E+02
24Th+D 1.77E-01 #8Cm ©
Z1pa+D 1.48E+03 29BK+D 2.55E+00
28pa+D 1.20E-01 20BK+D 1.80E-02
24mpa+D 5.40E-07 29Cf+D 1.10E+03
2pa+D 1.24E-02 Z0Cf+D 5.22E+02
22y+D 1.38E+02 BICf+D 1.12E+03
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PNNL Site Dose-per-Unit-Release Factors for use in

Calculating Radionuclide Air Emissions Potential-to-Emit Doses

Nuclide or Decay

Dose Per Unit Release
Factor

Chain @ (mrem/y per Cily released)
252 (©)
Cf
*Es+D 1.34E+02
Notes:

(@) “+D” indicates that listed radionuclide dose includes
contribution from parent radionuclide plus decay
products grown in during transit.

(b) Dose from the parent alone is only listed if ingrown
decay products contribute 10% of the total dose or

greater.

(c) Surrogate isotope utilized; see Table 3.4.
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PNNL-17847, Rev. 1
CRL-TECH-ESH-007, Rev. 1
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PNNL Site Dose-per-Unit-Release Factors for use in
Calculating Radionuclide Air Emissions Potential-to-Emit Doses

Table 3.4 Surrogate Isotopes for Use in Permitting at the PNNL Site

Resultant Dose Resultant Dose
Per Unit Release Per Unit Release
Recommended Factor (mremly Recommended Factor (mremly
Isotope | Surrogate Isotope | per Cily release) Isotope | Surrogate Isotope | per Cily release)
C 'c 2.18E-03 G 135%e+D @ 6.32E-04
Mg 2Mg+D @ 4.94E-02 39Cs 38Cs 5.84E-03
“2Ar “2K 7.25E-03 12Ce MiCe+D @ 7.72E-01
i ST ® 7.06E-03 “INd “'Sm 1.52E+02
Cr “cr+D @ 2.80E-03 5'Sm “5Sm+D @ 8.98E-02
mge °Se adj © 1.68E-11 1%4yp 1%9yp 1.54E-01
s2mgy 5Br 5.70E-02 2%pg %Pg 5.97E+01
mgy ¥Br 4.80E-03 *%pg ?10pg @ 5.97E+01
5Br Br 4.80E-03 2Rn+D | ***Ra+D adj @ © 9.38E-01
8Kr 88Kr @ 5.41E-03 23T 23pa+D adj @ 9 6.89E-05
0Ky %0G5r+D adj @ 9.47E-07 244py 2%py+p @9 7.89E+02
“"Rb %05r+D adj @9 7.56E-06 #8Cm #5Cm+D @9 6.67E+02
“Rb %5r+D adj @ 4.63E-06 22t 20Cf+D @ 5.22E+02
91m 9% Notes:
Nb Nb 1.97E+00 (@) “+D” indicates that listed radionuclide dose includes
INb 9“Nb 1.97E+00 contribution from parent radionuclide plus decay
@ o » products grown in during transit.
Nb Nb @ 1.97E+00
105mpp 105} 6.34E-03 (b) Surrogate_isotop_e dose multiplied by a factor of 2 as a
conservative estimate.
%n H4Mn+p @ 2.40E-01
30m 120 (c) "adj" indicates values for short-lived isotopes are
| I 1.35E-01 based on dose from the isotope’s first long-lived
133m 133 () ) decay product, adjusted for quantity of the decay
! I+D 1.10E-01 product that results from decay of the parent isotope.
134m) 134) 6.63E-03 In mathematical terms:
127mxe 127Xe 651E-04 C'(Surrogate) = C'(Parent) * [tl/2 (Parent) / t1/2 (Surrogate]-
(d) EPA approved for use at Oak Ridge National
Laboratory.
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