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Table H2b:  Radionuclide Bioaccumulation Factors Marine Biota, P26 and P27 (L/kg - wet weight) 
 

  Fish Muscle   Shellfish   Macroalgae 

         NCRP, 1996a CSA, 1987 IAEA, 2004   
Radionuclide IAEA, 2004 NCRP, 

1996 
CSA, 1987   Shellfish Curstaceans Molluscs Curstaceans Molluscs   IAEA, 2004 CSA, 1987* 

H 1.00E+00 1.00E+00 1.00E+00   1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00   1.00E+00 1.80E-01 
C 2.00E+04 2.00E+03 2.00E+03   2.00E+03 2.00E+03 2.00E+03 2.00E+04 2.00E+04   1.00E+04 3.60E+02 
Na 1.00E+00 1.00E+01 1.00E-01   1.00E+01 2.00E-01 2.00E-01 7.00E-02 3.00E-01   5.00E-01 1.80E-01 
P - 3.00E+04 3.00E+04   2.00E+04 2.00E+04 1.00E+04 - -   - 1.80E+03 
S 1.00E+00 5.00E+00 5.00E+00   5.00E+00 5.00E+00 5.00E+00 1.00E+00 3.00E+00   3.00E+00 9.00E-01 
Sc 1.00E+03 2.00E+00 1.00E+01   1.00E+04 3.00E+02 3.00E+02 3.00E+02 1.00E+05   9.00E+04 3.60E+02 
Cr 2.00E+02 4.00E+02 1.00E+02   5.00E+02 2.00E+03 2.00E+03 1.00E+02 2.00E+03   6.00E+03 7.20E+02 
Mn 1.00E+03 5.00E+02 5.00E+01   1.00E+03 5.00E+03 1.00E+04 5.00E+03 5.00E+04   6.00E+03 3.60E+03 
Fe 3.00E+04 3.00E+03 3.00E+02   1.00E+04 2.00E+03 1.00E+04 5.00E+05 5.00E+05   2.00E+04 9.00E+02 
Co 7.00E+02 1.00E+02 1.00E+02   1.00E+03 1.00E+03 2.00E+03 7.00E+03 2.00E+04   6.00E+03 1.80E+02 
Zn 1.00E+03 2.00E+03 2.00E+03   2.00E+04 5.00E+03 2.00E+04 3.00E+05 8.00E+04   2.00E+03 5.40E+02 
As - 1.00E+03 1.00E+03   1.00E+03 1.00E+03 1.00E+03 - -   - 3.60E+02 
Sr 3.00E+00 1.00E+00 1.00E+00   1.00E+01 1.00E+00 1.00E+00 5.00E+00 1.00E+01   1.00E+01 1.80E+01 
 Y 2.00E+01 1.00E+01 1.00E+01   1.00E+03 1.00E+02 1.00E+01 1.00E+03 1.00E+03   1.00E+03 9.00E+01 
Zr 2.00E+01 1.00E+02 1.00E+00   1.00E+03 2.00E+00 1.00E+02 2.00E+02 5.00E+03   3.00E+03 3.60E+02 
Nb 3.00E+01 1.00E+02 1.00E+01   1.00E+03 2.00E+00 1.00E+02 2.00E+02 1.00E+03   3.00E+03 1.80E+02 
Mo - 1.00E+01 1.00E+01   1.00E+02 1.00E+01 1.00E+02 - -   - 1.80E+00 
Tc 8.00E+01 1.00E+01 3.00E+01   1.00E+03 1.00E+03 1.00E+03 1.00E+03 5.00E+02   3.00E+04 1.80E+03 
Ru 2.00E+00 1.00E+00 1.00E+01   2.00E+03 1.00E+02 5.00E+00 1.00E+02 5.00E+02   2.00E+03 1.80E+02 
Ag 1.00E+04 1.00E+03 1.00E+03   5.00E+03 1.00E+03 2.00E+04 2.00E+05 6.00E+04   5.00E+03 3.60E+01 
Sn 5.00E+05 1.00E+03 -   3.00E+02 - - 5.00E+05 5.00E+05   2.00E+05 0.00E+00 
Sb 6.00E+02 1.00E+03 1.00E+02   3.00E+02 2.00E+02 5.00E+02 3.00E+02 3.00E+02   2.00E+01 9.00E+01 
Te 1.00E+03 1.00E+03 1.00E+03   1.00E+04 1.00E+03 1.00E+03 1.00E+03 1.00E+03   1.00E+04 1.80E+03 
 I 9.00E+00 1.00E+01 5.00E+01   1.00E+02 5.00E+01 5.00E+01 3.00E+00 1.00E+01   1.00E+04 9.00E+02 
Cs 1.00E+02 5.00E+01 5.00E+01   3.00E+01 3.00E+01 3.00E+01 5.00E+01 6.00E+01   5.00E+01 3.60E+01 
Ba 1.00E+01 1.00E+01 1.00E+01   1.00E+02 5.00E+00 5.00E+00 7.00E-01 1.00E+01   7.00E+01 9.00E+01 
Rare Earths               
La - 1.00E+02 1.00E+01   1.00E+03 1.00E+03 1.00E+03 - -   - 1.80E+02 
Ce 5.00E+01 1.00E+01 1.00E+01   1.00E+01 1.00E+02 1.00E+03 1.00E+03 2.00E+03   5.00E+03 1.80E+02 
Pm 3.00E+02 1.00E+02 1.00E+01   1.00E+03 1.00E+03 1.00E+03 4.00E+03 7.00E+03   3.00E+03 1.80E+02 
Eu 3.00E+02 1.00E+02 1.00E+01   1.00E+03 1.00E+03 1.00E+03 4.00E+03 7.00E+03   3.00E+03 1.80E+02 
Gd 3.00E+02 2.50E+01 1.00E+01   1.00E+03 1.00E+03 1.00E+03 4.00E+03 7.00E+03   3.00E+03 1.80E+02 
Tb 6.00E+01 2.50E+01 1.00E+01   1.00E+03 1.00E+03 1.00E+03 4.00E+03 3.00E+03   2.00E+03 1.80E+02 
Hf 5.00E+02 3.00E+01 1.00E+01   3.00E+01 1.00E+03 1.00E+03 4.00E+03 7.00E+03   3.00E+03 1.80E+02 
Hg 3.00E+04 2.00E+03 2.00E+03   1.00E+03 1.00E+03 1.00E+03 1.00E+04 2.00E+03   2.00E+04 1.80E+02 
Th 5.00E+03 1.00E+04 -   1.00E+03 - - 1.00E+03 1.00E+03   1.00E+03 - 
U 1.00E+00 1.00E+00 1.00E+00   1.00E+01 1.00E+01 1.00E+01 1.00E+01 1.00E+01   1.00E+02 1.80E+01 
Np 1.00E+00 1.00E+01 1.00E+01   1.00E+04 1.00E+02 1.00E+03 1.00E+02 3.00E+01   5.00E+01 1.80E+02 
Pu 1.00E+02 1.00E+00 1.00E+01   1.00E+02 5.00E+02 3.00E+02 2.00E+02 3.00E+03   4.00E+03 9.00E+02 
Am 1.00E+02 1.00E+01 1.00E+01   2.00E+03 1.00E+03 1.00E+03 4.00E+02 1.00E+03   8.00E+03 9.00E+02 
Cm 1.00E+02 1.00E+01 1.00E+01   2.00E+02 1.00E+03 1.00E+03 4.00E+02 1.00E+03   5.00E+03 1.80E+03 

 
* Dry weight CSA (1987) values for seaweed were adjusted assuming dry weight = 0.18 fresh weight. 
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Table H3a:   Summary of Carbon in Water Data Collected at the Index Stations 9712 (Newcastle, Lake Ontario), 
607 (Southampton, Lake Huron) and 604 (Goderich, Lake Huron) 

 

Station Date Sample Depth 
(m) 

Dissolved Inorganic 
Carbon (mg/L C) 
mean (min-max) 

Dissolved Organic 
Carbon (mg/L C) 
mean (min-max) 

Total particulate Carbon 
(mg/L) 

mean (min -max) 

Suspended Solids 
(mg/L) 

mean (min-max) 

9712 (Newcastle) May 21, 1997 0 to 14 (I) n=3 22.3 (22.2-22.4) 1.9 (1.8-1.9) nc (<0.2-3.0) nc (<1 -<1) 

9712 (Newcastle) May 21, 1997 18 (D) n=1 22.4 1.8 <0.2 <1 

9712 (Newcastle) August 31, 1997 0-15.4 (I) n=3 22.3 (22.2-22.4) 1.9 (1.9-1.9) nc( <0.2-<0.2) 1 (1-1) 

9712 (Newcastle) August 31, 1997 18 (D) n=1 22.6 1.9 <0.2 0.5 

9712 (Newcastle) October 10, 1997 0-15.5 (I) n=3 21.5 (21.8-21.2) 1.7 (1.7-1.6) nc (< 0.2 -<0.2) nc (<.0.5-0.5) 

9712 (Newcastle) October 10, 1997 15.5 (D) n=1 21.2 1.7 1.8 <0.5 

607 (Southampton) May 12, 1995 0-16.5 (I) n=3 16.6 (17-16) 1.4 (1.4-1.3) nc (<0.2-0.38) 0.80 (1.11-0.61) 

607 (Southampton) August 11, 1995 0-11 (I) n=3 20.5 (20.8-20.2) 1.4 (1.4-1.4) no data nc (<1-<1) 

607 (Southampton) August 11, 1995 16 (D) n=3 19.5 (19.6-19.2) 1.6 (1.3-1.9) no data nc (<1-<1) 

607 (Southampton) October 21, 1995 0-16 (I) n=3 19.9 (19.8-20.0) 1.6 (1.5-1.6) no data 1 (1-2) 

607 (Southampton) October 21, 1995 16 (D)  n=1 26.7 (26.0-27.2) 2.1 (2.1-2.1) no data 3 (2-4) 

604 (Goderich) May 11, 1995 0 -7.4 (I) n=3 25.2 (24.8-25.8) 2.2 (1.9-2.6) nc (<0.2-0.36) 1.26 (1.22-1.30) 

604 (Goderich) August 13, 1995 0-4.0 (I) n=3 23.7 (23.6-23.8) 2.9 (2.8-2.9) no data 5.3 (4-7) 

604 (Goderich) August 13, 1995 8.3 (D) n=3 18.3 (18.2-18.4) 1.4 (1.4-1.5) No data 3.3 (3-4) 

604 (Goderich) October 23, 1995 0-2.0 (I) n=3 19.2 (19.0-19.4) 1.5 (1.5-1.5) No data 8.3 (8-9) 

604 (Goderich) October 23, 1995 8.0 (D) n=3 20.7 (20.6-20.8) 1.6 (1.6-1.7) No data 13 (13-13) 

 
Notes: I - depth integrated sample; D -discrete sample; n=number of replicate samples; nc - not calculated. 

Data courtesy of the Ontario Ministry of the Environment (Howell, 2000). 
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Table H3b:   Summary of Carbon in Water Data Collected in the St. Lawrence River at 
Wolfe Island 

 
  DIC (mg/L) 

  2000 2001 2002 2003 2004
Mean 21.833 21.554 19.808 21.675 20.962
Standard Error 0.097 0.201 1.644 0.192 0.289
Minimum 20.9 20 2 20.8 19.4
Maximum 23.2 22.6 22.9 23 23.2
Count 36 13 12 12 13

  DOC (mg/L) 
  2000 2001 2002 2003 2004
Mean 2.769 2.254 4.192 8.400 2.331
Standard Error 0.258 0.081 1.903 3.084 0.194
Minimum 2.1 1.9 1.9 1.9 1.9
Maximum 11.4 3 25.1 34.1 4.6
Count 36 13 12 11 13

  Suspended Sediment (mg/L) 
  1998 1999 2000 2001 2002
Mean 0.410 0.369 0.287 0.191 0.261
Standard Error 0.077 0.144 0.180 0.032 0.077
Minimum 0.248 0.061 0.03 0.09 0.08
Maximum 0.627 0.799 0.82 0.34 0.73
Count 5 5 4 7 10

Data courtesy of Environment Canada, Ontario Region (Klawunn, 2005)
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     Table H4:   Carbon Content in Edible Portions of Fish and Shellfish 
 
Species Protein (%) Fat (%) Carbohydrate

s (%) 
g-C per 
kg fish 

Freshwater Fish 
Bass, mixed  species 18.86 3.69 0 126.5 
Carp 17.83 5.6 0 135.8 
Catfish, channel 16.38 2.82 0 106.9 
Drum 17.54 4.93 0 129.2 
Northern pike 19.26 0.69 0 105.5 
Perch, mixed species 19.39 0.92 0 107.9 
Smelt, rainbow 17.63 2.42 0 110.3 
Sucker, white 16.76 2.32 0 105.0 
Trout, mixed species 20.77 6.61 0 158.9 
Walleye 19.14 1.22 0 108.9 
Whitefish, mixed species 19.09 5.86 0 144.4 
Average 18.42 3.37 0.00 121.75 

Marine Fish 
Cod, Atlantic 17.85 0.67 0 98.0 
Halibut 20.81 2.29 0 125.8 
Mackerel, Atlantic 18.6 13.89 0 203.7 
Herring, Atlantic 17.96 9.04 0 163.0 
Flatfish (flounder and sole 
species) 

18.84 1.19 0 107.1 

Haddock 18.91 0.72 0 103.9 
Ocean perch, Atlantic 18.62 1.63 0 109.4 
Pollock, Atlantic 19.44 0.98 0 108.6 
Average 18.88 3.80 0.00 127.44 

Marine Crustaceans 
lobster, northern 18.8 0.9 0.5 106.7 
shrimp, mixed species 20.31 1.73 0.91 122.6 
crab, mixed species 17.99 1.08 0.29 103.0 
Average 19.03 1.24 0.57 110.76 

Marine Mollusks 
clams, mixed species 12.77 0.97 2.57 84.2 
blue mussel 11.9 2.24 3.69 93.9 
oyster, eastern 7.05 2.46 3.91 71.2 
scallop, mixed species 16.78 0.76 2.36 102.5 
Average 12.13 1.61 3.13 87.96 

 



PROTECTED-COG R&D 447 COG-06-3090-R2-I 
HS&E - WP-30442 

 

 

Table H5a:  Freshwater Sediment-Water Partition Coefficient (Kd) Values (L•kg-1) 
 

Parameter 
Adjusted 

Sand 
Values* 

Gorman 
(1986) 

IAEA 
(1994) Parameter

Adjusted 
Sand 

Values* 

Gorman 
(1986) 

IAEA 
(1994) 

      
H 0 - - Sn 1.3E+03 - - 
C 5.0E+01 - - Sb 4.5E+02 3.0E+02 - 
Na 4.8E+02 1.0E+01 - Te 1.25E+03 3.0E+01 - 
P 9.0E+01 - - I 7.6E+01 2.0E+02 1.0E+01
S 1.1E+02 - - Cs 2.7E+03 3.0E+04 1.0E+03
Sc 1.4E+03 - - Ba 9.9E+02 5.0E+03 - 
Cr 6.7E+02 2.0E+04 - La 1.65E+03 3.0E+04 - 
Mn 4.9E+02 1.0E+04 1.0E+03 Ce 4.9E+03 3.0E+04 1.0E+04
Fe 2.2E+03 1.0E+04 5.0E+03 Pm 1.23E+03 3.0E+04 5.0E+03
Co 6.0E+02 3.0E+04 5.0E+03 Eu 1.23E+03 3.0E+04 5.0E+02
Zn 2.0E+03 1.0E+03 5.0E+02 Gd 9.9E+02 3.0E+04 - 
As 1.0E+01 - - Tb 9.9E+02 - - 
Sr 1.3E+02 3.0E+04 1.0E+03 Hf 4.5E+03 - - 
Y 1.7E+03 3.0E+04 - Hg 1.6E+02 - - 
Zr 6.0E+03 1.0E+04 1.0E+03 Th 3.0E+04 - 1.0E+04
Nb 1.6E+03 1.0E+04 - U 3.3E+02 2.5E+04 5.0E+01
Mo 1.0E+02 1.0E+03 - Np 2.5E+01 3.0E+04 1.0E+01
Tc 1.4E+00 - 5.0E+00 Pu 5.4E+02 1.0E+05 1.0E+05
Ru 5.5E+02 4.0E+04 - Am 2.0E+04 3.0E+05 5.0E+03
Ag 9.0E+02 2.0E+02 - Cm 4.0E+04 3.0E+05 5.0E+03
 

* sediment Kd derived by multiplying the Kd for sand (Table G3) by 10 
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Table H5b:  Marine Sediment-Water Partition Coefficient (Kd) Values (L•kg-1) 
 

Parameter 
Adjusted 

Sand 
Values* 

CSA 
(1987) 

IAEA 
(2004)** Parameter

Adjusted 
Sand 

Values* 
CSA IAEA 

(2004)**

      
H 0 - 1.00E+00 Sn 1.3E+03  4.00E+06
C 5.0E+01  1.00E+03 Sb 4.5E+02 1.00E+04 2.00E+03
Na 4.8E+02 1.00E+01 1.00E-01 Te 1.25E+03 1.00E+04 1.00E+03
P 9.0E+01   I 7.6E+01 1.00E+02 7.00E+01
S 1.1E+02  5.00E-01 Cs 2.7E+03 5.00E+02 4.00E+03
Sc 1.4E+03  5.00E+06 Ba 9.9E+02  2.00E+03
Cr 6.7E+02 1.00E+04 5.00E+04 La 1.65E+03   
Mn 4.9E+02 1.00E+04 2.00E+06 Ce 4.9E+03 1.00E+04 3.00E+06
Fe 2.2E+03 1.00E+04 3.00E+08 Pm 1.23E+03  2.00E+06
Co 6.0E+02 1.00E+04 3.00E+05 Eu 1.23E+03 1.00E+04 2.00E+06
Zn 2.0E+03 1.00E+04 7.00E+04 Gd 9.9E+02  2.00E+06
As 1.0E+01   Tb 9.9E+02  2.00E+06
Sr 1.3E+02  8.00E+00 Hf 4.5E+03  1.00E+07
Y 1.7E+03  9.00E+05 Hg 1.6E+02  4.00E+03
Zr 6.0E+03 1.00E+04 2.00E+06 Th 3.0E+04  2.00E+04
Nb 1.6E+03 1.00E+04 8.00E+05 U 3.3E+02 5.00E+02 1.00E+03
Mo 1.0E+02   Np 2.5E+01  1.00E+03
Tc 1.4E+00 1.00E+04 1.00E+02 Pu 5.4E+02  1.00E+05
Ru 5.5E+02 1.00E+04 4.00E+04 Am 2.0E+04  2.00E+06
Ag 9.0E+02 1.00E+04 1.00E+04 Cm 4.0E+04  2.00E+06

* sediment Kd derived by multiplying the Kd for sand (Table G3) by 10 

** estimated values for "ocean margin". 
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APPENDIX I:    DOSIMETRIC ISSUES 

I1  Definition of Mixed Fission Product Iodine, I(mfp) 

It is common practice to measure only 131I in the effluent because decay of the shorter-lived 
radioiodines in the sample during the collection period (nominally one week for stack 
effluent) is practically impossible to account for.  To take account of all the radioiodines that 
accompany 131I at the time of release, a quantity called "mixed fission product iodine", or 
I(mfp), is defined.  This gives the amount of each radioiodine in an equilibrium mixture 
accompanying one unit of 131I.  The ratios of radioiodines at equilibrium are given in 
Gorman (1986) as:  

  131I : 132I : 133I : 134I : 135I = 1.00 : 1.45 : 2.00 : 2.04 : 1.81 

Using radionuclide inventory data for 50% burn-up CANDU fuel provided by C. Boss of 
AECL (personal communications, January 2000), the ratios of all radioiodines found in fuel 
referenced to one unit of 131I are as follows:  

  128I : 129I : 130I : 131I : 132I : 133I : 134I : 135I =  

  7.87 x 10-4 : 4.83 x 10-9 : 6.9 x 10-3 : 1.00 : 1.48 : 2.05 : 2.29 : 1.95 

The first three radioiodines constitute well less than 1% of the total amount of radioiodine 
and can be ignored for the purpose of defining I(mfp).  The relative ratios of the remaining 
five are not significantly different from that given in Gorman (1986).   They are however 
somewhat more conservative.  It is recommended that they be used.  

 One Bq I(mfp) = 1 Bq 131I + 1.48 Bq 132I + 2.05 Bq 133I + 2.29 Bq 134I + 1.95 Bq 135I 

Dose coefficients (DCFs) for I(mfp) will be established for inhalation, ingestion of surface 
water, and for immersion in air and surface water.  They are used where there is a relatively 
short time delay between release and exposure.  For example, mixed radioiodines in 
airborne releases will reach the point of exposure in a matter of minutes, delivering internal 
dose through inhalation and external dose by immersion in the plume.  Liquid releases may 
also reach the point of recreational swimming in minutes to hours or drinking water intakes 
in hours.  The ingestion DCF for I(mfp) applies to dose from drinking surface water. 

However, it is not appropriate to establish an I(mfp) DCF for external exposure to 
contaminated ground and shoreline, or for pathways involving a well, because the model for 
soil and sediment radioactivity assumes build-up and accumulation to the end of the 
facility's life at which point the relative amounts of radioiodines will be very different from 
their equilibrium ratios in the reactor.  Modelling of I(mfp) transport in soil and through the 
food-chains will be based on separate modelling of its 5 components initially released in 
their equilibrium ratios at time zero.  In general it is not appropriate to use the I(mfp) 
ingestion DCFs for the intake of foods.  DCFs for the individual radioiodines should be used 
instead.  
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I2  Parent-Progeny Relations 

In Appendices C3, C4, C5 and C6, the dose coefficients given for some of the radionuclides 
which have progeny include contributions from those progeny.  Such DCFs are designated 
DCF+ or DCF' as outlined below. 
If the parent half-life is longer than that of the progeny, the pair is said to be in "transient 
equilibrium".  The ratio of the progeny activity (A2) to that of the parent (A1) is given by 
(Friedlander et al., 1981): 

 
1

2

A
A

 =  fBR · 
21

1

T - T
T

         [I.1] 

where fBR is the decay branching fraction and T1 and T2 are the half-lives of the parent and 
progeny, respectively.  In the limiting case where the parent half-life is much greater than 
that of the progeny (T1 >> T2), A2 = fBR A1 and the pair is said to be in "secular equilibrium". 
If the half-life of the progeny is greater than that of the parent, no equilibrium is possible. 

Ingrowth Times and Significance Criteria 

The achievement of transient or secular equilibrium by ingrowth of progeny takes time.  
Thus, the available time for ingrowth in each exposure medium must be considered in 
deciding whether it is reasonable to assume equilibrium.  The assumed times are: 

(a) 30 minutes for inhalation and air immersion, representing travel time in air between 
source and receptor, 

(b) one day for water immersion, representing the travel time in water between source 
and receptor, 

(c) one year for ingestion, representing the time for radionuclide incorporation into 
produce, and harvesting and consumption of produce, and 

(d) 40 years for external exposure to contaminated soils or beaches, representing the 
facility lifetime over which buildup in soils and sediments may occur. 

There may be significant progeny contributions to dose even if transient or secular 
equilibrium is not achieved.  Progeny are considered to be significant when calculating the 
parent DRL if they impart a dose that is greater than 1% of the parent dose.  For purposes 
of comparison and deciding significance, the parent and progeny dose contributions can be 
estimated as: 

 Dr   = Ai • DCF 

where Ai  = activity at the time of exposure in the medium of interest  

 DCF = dose coefficient for the exposure pathway of interest. 

The Ai  value depends on the available ingrowth time between release and exposure, which 
in turn depends on the location and habits of the exposed person.  In this Guidance, a 
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progeny contribution is considered significant if its Dr  value is greater than 1% of the Dr  

value its parent.  For the purpose of simplifying dose calculation for a few long chain 
radionuclides, some progeny have not been included if they do not collectively contribute 
more than 15% to the total dose. 

Ingestion 

The progeny Rh-103m, Rh-106, In-113m, Ba-137m, Pr-144 and Pa-234m have Dr  values 
for ingestion that are greater than 1% of the Dr  values for the parents, but are not listed in 
Table 2.3 for the ingestion pathway.  These are short-lived progeny (half-lives less than 
104 s) that are taken up much more slowly by plants and animals than their parents and 
contribute a negligible amount, relative to the parent, to the total internal dose through 
direct uptake. Accordingly, these progeny are not tracked separately through the food 
chain.  However, their contribution (and the contribution of all other progeny) to internal 
dose after the parent is taken into the body is accounted for through the internal dose 
coefficients for inhalation and ingestion, which allow for ingrowth in the body. 

DCF+  Values for External Pathways 

Many of the progeny in Table 2.3 eventually come into secular or transient equilibrium with 
their parents.  The contribution of these progeny to external dose can most conveniently be 
addressed by increasing the DCF of the parent.  These augmented DCF values (denoted 
by DCF+ ) imply that all progeny in the chain have reached equilibrium, and thus should be 
used only for chains that are close to equilibrium for the ingrowth time of interest.  For 
longer-lived progeny, the assumption of equilibrium at times well before equilibrium is 
established can be overly conservative, and it might be desirable to model the parent and 
progeny separately using the equations in Section 4.1.5. In practice, DCF+ values are given 
in Tables C3 to C6 only for those chains that are within 70% of equilibrium at the ingrowth 
time of interest.  Parents and progeny of DCF+ radionuclides are listed separately in the 
Tables (for chains with at most two progeny) to allow the equations in Section 4.1.5 to be 
used to account for ingrowth times different from those assumed above.  For parents with 
more than two progeny, the parents and progeny are not listed separately because the 
ingrowth calculations for long chains require additional data not provided in this document.  

DCF+ values are calculated on the assumption that the environmental behaviour of the 
parent and progeny are the same, which is not always the case.  The assumption of 
identical environmental behaviour is particularly poor for transfer through the food chain, so 
DCF+  values are not used for the ingestion pathway. 

DCF' Values for External Pathways 

Many decay chains never come into transient or secular equilibrium, or do so only at times 
much greater than the ingrowth time for the pathway in question.  The concept of DCF+  

does not apply to these chains; however, a similar quantity (denoted by DCF') can be 
defined that allows the contribution of non-equilibrium progeny to be included in the DCF of 
the parent.  DCF' values are strongly dependent on the ingrowth time and, as in the case of 
DCF+ , assume that the environmental behaviour of the parent and progeny are the same.  
DCF' values are provided in Tables C4 to C6 for radionuclides that head a chain of three or 
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more progeny that are not in equilibrium.  They are specified because they provide the only 
way that non-equilibrium progeny in long chains can be taken into account, given the 
information in this document.  They should not be used for ingrowth times significantly 
different from those assumed above.  Parents and progeny of DCF' radionuclides are not 
listed separately because the ingrowth calculations for long chains require additional data 
not provided in this document. 
 

Calculation of DCF+ and DCF' Values 

Where progeny make a significant contribution to dose, and reach either transient or 
secular equilibrium, the DCF+ value is calculated as: 

 DCF+  = DCF1 + Fbr • T1/(T1  - T2) •  DCF2   [I.2a]   

In a few cases, progeny make a significant contribution to dose, and do not reach either 
transient or secular equilibrium within the time available for ingrowth.  In these cases, the 
DCF' value is calculated as: 

 DCF' = DCF1 + A2/A1 DCF2      [I.2b] 

where A2 is a non-equilibrium activity concentration of the progeny at the relevant ingrowth 
time.  Based on the assumed ingrowth times, a DCF' is required for parents Ra-226, 
Th 228, U-232 and U-238 in water, and for parent U-233 in soil and sediment.  Activity 
concentrations of progeny for these parents with long decay chains were calculated using 
methods described in Eckerman and Ryman (1993). 

Table I1 summarizes decay branching fractions (from Eckerman and Ryman (1993)) and 
the equilibrium ratios [T1/(T1 – T2)] (see Equation [I.1]) for parent-progeny pairs for which 
either the branching fraction or the equilibrium ratio is not equal to 1. 

Table I1:  Decay Branching Fractions and Equilibrium Progeny-to-Parent Ratios 

Parent-Progeny Decay Branching 
Fraction  fBR T1/(T1 - T2) 

88Kr - 88Rb 
95Zr - 95Nb 

99Mo - 99mTc 
125Sb - 125mTe 

132Te - 132I 
137Cs - 137mBa 
140Ba - 140La 

1 
1 

0.876 
0.228 

1 
0.946 

1 

1.12 
2.2 
1.1 

1.06 
1.03 

1 
1.15 

 

Use of a parent dose coefficient that contains the contribution from the progeny (assumed 
to be in equilibrium with the parent) will overestimate the total dose if the progeny dose is 
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also calculated separately from its concentration. Accordingly, the equations for ingrowth 
given in Section 4.1.5 should not be used in conjunction with DCF+ or DCF' dose 
coefficients.  For radionuclides without the “+” or “ ' ” designations and with at most two 
progeny, contributions from the progeny should be calculated separately.   

I3  External Dosimetry Issues 

I3.1  Age-Specific Modifying Factors 

The external dose coefficients given in Tables C3 to C6, Appendix C, are given for adults 
and infants.  Dose coefficients for infants are higher than those for adults due to decrease 
in the amount of overlying tissue shielding the organs from the incident radiation with 
decreasing body size.  Age-specific external dose modifying factors (ratio of infant-to-adult 
effective doses) have been reviewed by ICRP-74 (ICRP, 1996c), NCRP (NCRP, 1993; 
NCRP, 1999) and by a Joint Working Group of Health Canada, AECB and AECL (Health 
Canada, 1999). 

Based on review of available data, the Joint Working Group concluded that the modifying 
factor of 1.5 used in CSA (1987) and Gorman (1986) is "very conservative for some 
radionuclides and age groups".  It did recommend that, due to the complexity of deriving 
radionuclide- and age-specific corrections, the factor of 1.5 be retained but that it be applied 
to the two youngest ICRP age groups (i.e., the 3-month old and 1-year old infants). 

The NCRP (1999) recommended a value of 1.3±0.1 for infants as a conservative value for 
"screening" purpose.  It stated that even in the case of babies lying on a contaminated soil 
surface, doses range only up to 50% higher than the corresponding dose to adults. 

Data presented in ICRP-74 (ICRP, 1996c, p.45) showed that the variation of effective dose 
with age is very minimal for the AP (antero-posterior) geometry and the largest for the ISO 
(isotropic) geometry.  For the ISO geometry, child-to-adult effective dose ratios for 6 age 
groups from 3 months to adult are deduced from Fig. 12 in ICRP-74 and given in Table I2.  
These data lend support to the NCRP (1999) recommended ratio of 1.3.  They showed that 
at gamma energies above 0.1 MeV, the ratio of 1.3 is conservative for all age groups.  The 
ratio is only slightly higher at 0.07 MeV for the youngest age group. 

In this Guidance, it is recommended that an infant-to-adult ratio of 1.3 be applied to the two 
youngest ICRP age groups, i.e. the 3-month old and the 1-year old infants.  This ratio 
applies to effective dose from air immersion (including exposure to noble gases), water 
immersion, and exposure to contaminated ground and shoreline.  It does not apply to skin 
dose or to the effective dose from essentially pure beta emitters, i.e., 14C, 32P, 35S, 36Cl, 63Ni, 
89Sr, 90Sr (90Y), 99Tc, 135Cs, 137Cs,143Pr and 147Pm. 

I3.2  Shielding Factors 

"Shielding factor" is defined as the ratio of the dose received indoors to that received 
outdoors.  The term "location factor" has sometimes been used in recent literature but the 
older term "shielding factor" is retained in this Standard. 
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Following the Chernobyl accident, considerable work on building shielding factor estimates 
has been carried out, both through calculations and direct measurements.  Table I3 
summarizes typical data for gamma radiation.  These vary over a wide range because the 
shielding factor depends on many factors including the radionuclide composition (gamma 
energies), type and size of building, wall and roof thicknesses, location of building (rural or 
urban), and location of measurement (centre or corner of building, or in the basement). 

For air immersion, the shielding factor of 0.9 used in Gorman (1986) was obtained from 
calculations by Burson and Profio (1977), for a light wood frame house with no basement 
(1 inch wood plus ½ inch gypsum board).  This type of house is not common for year-round 
habitation in the Canadian climate.  Review of data in Table I3 also shows the value of 0.9 
to be very high compared to other data available.  A shielding factor of 0.5 is considered to 
be reasonably conservative and is recommended in this Guidance. 
For ground deposits, the shielding factor of 0.4 used in Gorman (1986) was also based on 
calculations by Burson and Profio (1977) for the light wood frame house.  It is the highest 
value among data summarized in Table I3.  A shielding factor of 0.2 is recommended here 
because it is an average value applicable to a variety of housing types. 

I3.3  External Dose from Water Immersion in Bathtub 

The dose coefficients given in Table C5, Appendix C, are for immersion in an infinite, 
uniformly contaminated water medium.  In this section, the dose from immersion in the finite 
water volume in a bathtub is modelled using the computer code Microshield (1998), Version 
5.03 for Windows. 

The adult human body is simulated by a cylinder filled with clean water, 2 metres long and 
12 cm in radius which corresponds to a circumference of 75.4 cm, or about 30 inches.  This 
radius is considered to be representative of the average of the male and female adult body. 

Contaminated water in the bathtub is approximated by a 2-metre long annular cylinder 
which is concentric with the "human" cylinder and surrounds it.  The annular cylinder is 
taken to be 30 cm in thickness and is filled with the contaminated water.   This configuration 
is shown in Figure I1 where the inner cylinder represents the human and the outer 
concentric cylinder (hashed) represents contaminated bathtub water surrounding the 
human.  A typical domestic bathtub measures about 140 cm long by 60 cm wide.  This 
configuration should be conservative from a dosimetric standpoint. 
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Fig. I1:   Modelling of Human in Bathtub 

 

 

Microshield does not give output directly as effective dose nor does it calculate skin dose.  
It is used to calculate the photon fluence rate (photons · cm-2 · s-1) from the contaminated 
water on the outer surface of the "human" cylinder, at the midpoint along the length of the 
cylinder (marked 'X' in Fig. I1).  Calculations are made separately for unit concentration (1 
Bq/m3) of several selected radionuclides.  These radionuclides are selected because each 
of them has only one principal gamma photon (with the exception of 60Co) and their gamma 
energies span the energy range of interest (from 0.06 MeV to 1.33 MeV).  For each 
radionuclide the gamma photon fluence rate (photons · cm-2 · sec-1) is converted to 
absorbed dose rate in air using conversion factors given in ICRP-74 (ICRP, 1996c, Table 
A.1, p.159).  This absorbed dose rate at the body surface is then converted to effective 
dose using data from ICRP-74 (ICRP, 1996c, Fig. 12, p.45), for the isotropic (ISO) 
irradiation geometry.  Details of this calculation process are shown in Table I4. 

From results of the calculations in Table I4, the ratio of the effective dose for immersion in 
the finite water volume in a bathtub to that in an infinite uniform water medium ranges from 
0.62 to 0.79.  Given the conservatism in the assumed bathtub exposure geometry, it is 
conservative to use an average ratio of 0.7 for all energies.  The effective dose coefficients 
(DCFw) given in Table C5, Appendix C for immersion in an infinite uniform water medium 
can be multiplied by this ratio of 0.7 to give the DCFw for immersion in a bathtub.  This 
correction factor applies only to effective dose, not skin dose. 

I3.4  Finite to Semi-Infinite Cloud Dose 

In Section 4.2 of the main text, the semi-infinite cloud model is endorsed for calculating air 
immersion doses for all beta emitters and for gamma emitters at low effective release 
heights and far downwind distances, where the critical groups at most Canadian nuclear 
facilities are found.   

30 cm

30 cm
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End View Side View
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However, at shorter distances or greater release heights, the semi-infinite model may 
overestimate the true doses for ground-level releases and underestimate the true doses for 
elevated releases (Section 4.2).  The magnitude of these effects is shown in Figures I2 and 
I3, which display the ratios of the finite to semi-infinite cloud dose for Xe-133 (a low energy 
gamma emitter, 0.081 MeV) and Ar-41 (a high energy gamma emitter, 1.29 MeV) as 
functions of effective release height and downwind distance.  The semi-infinite model 
underpredicts by several orders of magnitude for a receptor 100 m from a 60-m stack, and 
overpredicts by an order of magnitude for a receptor 100 m from a ground-level source. 

To ensure that doses are not underestimated, the finite cloud model is recommended for 
calculating air immersion doses for gamma emitters under conditions shown in Table I5, 
which were derived from Figures I1 and I2.  A quantitative finite cloud model is described 
below for this purpose.  However, the model is quite complex and difficult to implement.  
For most applications, it is sufficient to multiply the dose found from the semi-infinite model 
by the finite to semi-infinite ratio read from Figure I2 or I3.  Of all the noble gases, Xe-133 
has the largest value of the ratio for a given stack height.  Figure I3 can be used for all 
radionuclides with energies greater than 1.0 MeV with little loss of accuracy.  Figure I2 
should be used for radionuclides with lower energies; this will be conservative but will 
overestimate cloudshine doses by less than a factor of 2. 

I3.5  External Dose from a Sector-Averaged Finite Cloud 
 

The theory for calculating external doses from immersion in a sector-averaged finite cloud 
of radioactive material follows U.S. NRC, which in turn is based on Hamawi (1976) and 
Healy and Baker (1968).   

For a release during steady meteorological conditions, the sector-averaged concentration C 
(Bq/m3) at downwind distance x (m) and height z (m) is given by 

 
θπ ΔΣ

=
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where Q is the release rate (Bq/s), D is the decay and ingrowth correction factor, Σz is the 
vertical dispersion parameter corrected for building wake effects (m), u is the wind speed 
(m/s), Δθ is the angular width of the sector (radians) and G(z) describes the vertical 
concentration distribution: 
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where H is the effective release height (m). 

Consider now a ring-shaped differential volume dV of radius L centrally located at an 
elevation z above the receptor.  If the source-to-receptor distance is sufficiently large that 
changes in concentration are small and relatively linear with distance, the average 
concentration in the ring will be approximately equal to that at (x,z), the centre of the ring.  
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For this condition, the gamma dose rate (Sv/a) to the receptor from radioactive emission 
within dV for a mono-energetic source is 

 dVrrrECxdR a ]/)exp()1(1076.2[ 27 μκμμ γγ −+= − ,   [I.5] 
 
where  κ = (μ - μa)/μa , 

  r = (L2 + z2)1/2 , 

and   dV = 2πL dL dz. 
 
Here Eγ is the gamma energy released (Mev/disintegration) and μa and μ are the linear 
energy absorption and linear attenuation coefficients for air (m-1), respectively.  Values for 
μa and μ can be found in (Hubbell 1982).  In deriving Eq. (I.5), a nominal value of 0.8 has 
been assumed for the ratio of Sv/Gy.  

Assuming that the plume consists of a series of infinite horizontal planes, Eq. (I.5) can be 
integrated to give 
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and E1 is the exponential integral defined by 
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For continuous releases, Eq. (I.6) must be modified to account for variations in wind speed, 
wind direction and atmospheric stability, as characterized by the triple joint frequency 
distribution Fijk.  The dose rate in sector j is given by 
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where the summation is over stability classes i and wind speed classes k. 

For radionuclides with more than one gamma ray, each energy has to be considered 
separately because each is attenuated to a different extent by the atmosphere.  Thus, Eq. 
(I.10) must be summed over all energies: 
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where, for gamma ray m, μam is the absorption coefficient in air (m-1), Em is the energy 
(MeV) and νm is the photon yield (photons per disintegration). 

Dose coefficients for a semi-infinite cloud (DCF)a have been given in Table C3, Appendix C.  
Dose coefficients for a finite cloud cannot be summarized in a table of this sort because 
they depend on many site-specific factors (downwind distance, stability class, effective 
release height and so on).  Instead, the dose conversion factor for a finite cloud (DCFfc; Sv 
a-1 Bq-1 m3) is found by dividing Rγ, as defined in Eq. (I.11), by the ground-level air 
concentration, as calculated using Eqs. (4.1) and (4.2) in the main text.  These dose 
coefficients are applicable to the four oldest age groups.  They should be multiplied by a  
factor of 1.3 for the two youngest age groups. 

The energy values and photon yields for all gamma-emitting nuclides, as required for 
determination of the DCF in the finite cloud model, are provided in Table I6. 

Table I2:   Age-Dependent Effective Dose Ratios, ISO Geometry 
ICRP-74 (ICRP, 1996c) 

Gamma 
Energy (MeV) 3-month 1-year 5-year 10-year 15-year Adult 

0.07 

0.1 

0.5 

1.0 

2.0 

1.39 

1.27 

1.3 

1.24 

1.23 

1.3 

1.22 

1.22 

1.16 

1.17 

1.23 

1.15 

1.16 

1.11 

1.13 

1.17 

1.1 

1.09 

1.07 

1.1 

1.05 

1.01 

1.03 

1.04 

1.03 

1.0 

1.0 

1.0 

1.0 

1.0 
 



PROTECTED-COG R&D 459 COG-06-3090-R2-I 
HS&E - WP-30442 

 

 

Table I3:   Shielding Factors for Gamma Radiation 

Building Type Shielding Factors Method References 

 Air Immersion Ground 
Deposits 

  

 
Light wood frame house, no 
basement 
 
Light wood frame house with 
brick veneer, no basement 
 
Masonry house, no basement 
 
 
Semi-detached house 
 
Prefab housing 
 
Single family brick house 
 
Single family wood house 
 
Semi-detached house, first 
floor 
 
Brick house 
 
Single family homes 
 
General indoors 
 

 
0.9 

 
 
 
 
 

0.6 
 
 
 
 
 
 
 
 
 
 

0.25 (0.3 MeV) 
0.45 (2 MeV) 

 
0.6 

 
0.01 - 0.7 

 
0.2 

 

 
 

0.4 (0.2-0.5) 
 

0.3 
 
 
 

0.2 
 

0.07 - 0.15 
 

0.02 - 0.5 
 

0.07 ± 0.06 
 

0.13 ± 0.06 
 
 
 
 

0.05 - 0.3 
 
 
 

0.1 
 

 
Calculations 
Measurement & calculations 
 
Measurement & calculations 
 
 
Calculations 
Measurement & calculations 
 
Calculations 
 
Calculations 
 
71 measurements 
 
72 measurements 
 
Calculations 
 
 
Review 
 
Review 
 
Review 
 

 
Burson & Profio, 1977 
Burson & Profio, 1977 
 
Burson & Profio, 1977 
 
 
Burson & Profio, 1977 
Burson & Profio, 1977 
 
Jacob & Meckbach, 1987 
 
Jacob & Meckbach, 1987 
 
Likhtariov et al., 1996 
 
Likhtariov et al., 1996 
 
NCRP, 1993; Le Grand et al., 1990 
 
 
UNSCEAR, 1982, p.78, Table 11 
 
Eckerman & Ryman, 1993 
 
MAFF, 1999 
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Table I4:   Calculation of Effective Dose Rate for the Adult from Immersion in Bathtub Water for Unit Concentration of 
Radionuclide (1 Bq · m-3) 

 
 
 

Radionuclide 

Principal 
Gamma 
(MeV) 

Photon 
Fluence Rate* 

(Photons·cm-2·s-1) 

Absorbed Dose per 
Unit Fluence** 

(Gy · cm2) 

Absorbed 
Dose Rate 
(Gy · s-1) 

 
 

Sv/Gy*** 

Effective 
Dose Rate 
(Sv · s-1) 

Eff. Dose Ratio 
Bathtub/Infinite 
Water Medium+ 

 

241Am 
141Ce 
51Cr 

137Cs (137mBa) 
54Mn 
60Co 

 
0.060 
0.145 
0.32 
0.662 
0.83 

1.25 (average) 

 
6.89E-6 
1.29E-5 
1.99E-6 
1.67E-5 
1.95E-5 
4.07E-5 

 
2.89E-13 
5.8E-13 

1.48E-12 
3.1E-12 

3.81E-12 
5.3E-12 

 
1.99E-18 
7.48E-18 
2.94E-18 
5.18E-17 
7.43E-17 
2.16E-16 

 
0.58 
0.72 
0.68 
0.70 
0.71 
0.74 

 
1.15E-18 
5.38E-18 
2.00E-18 
3.63E-17 
5.28E-17 
1.60E-16 

 
0.75 
0.79 
0.66 
0.66 
0.64 
0.62 

 
* *The photon fluence rate with build-up is calculated using the computer code Microshield (1998). 
** **The absorbed dose (air kerma) per unit photon fluence as a function of gamma energy is obtained from ICRP-74 (ICRP, 

1996c), Table A.1, p.159. 
*** ***Conversion of absorbed dose to effective dose is from ICRP-74 (ICRP, 1996c), Fig. 12, p.45, for the isotropic (ISO) irradiation 

geometry for the adult. 
+ This column gives the ratio of the effective dose rate calculated for immersion in the finite water volume in a bathtub to the 

effective dose rate calculated for an infinite uniformly contaminated water medium given in Table C5, Appendix C, for unit 
concentration of each radionuclide.  
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Table I5 
Effective Release Heights Above Which the Finite Cloud Model Should be Used 

 
Downwind Distance 

(m) 
Effective Release Height (m) 

Gamma Energy ≤ 1.0 MeV Gamma Energy > 1.0 MeV 
100 15 20 
200 20 25 
500 40 50 

1000 60 70 
2000 70 80 
5000 90 100 
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Table I6:   Gamma Energies (Em; MeV) and Photon Yields (νm; Photons per disintegration) for Determining the Finite Cloud DCFs  

Ag-110m Am-241 Am-243 Ar-41 As-76 Ba-140 Be-7 
Photon 
Yield 

Gamma 
Energy 

Photon 
Yield 

Gamma 
Energy 

Photon 
Yield 

Gamma 
Energy 

Photon 
Yield 

Gamma 
Energy 

Photon 
Yield 

Gamma 
Energy 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy Yield Yield 

7.48E-04 2.98E-03 4.27E-01 1.39E-02 3.91E-01 1.39E-02 9.92E-01 1.29E+00 4.47E-01 5.59E-01 1.47E-01 4.65E-03 1.04E-01 4.78E-01 
1.96E-03 2.20E-02 2.40E-02 2.63E-02 5.54E-02 4.35E-02 5.20E-04 1.68E+00 1.17E-02 5.63E-01 1.17E-02 1.39E-02    
3.70E-03 2.22E-02 1.06E-03 3.32E-02 6.60E-01 7.47E-02    1.39E-03 5.71E-01 1.40E-01 3.00E-02    
1.19E-03 2.49E-02 3.59E-01 5.95E-02 3.37E-03 8.67E-02    6.08E-02 6.57E-01 5.32E-03 3.30E-02    
9.56E-05 9.89E-02 1.79E-03 6.92E-02 5.54E-03 1.18E-01    3.93E-03 6.65E-01 9.80E-03 3.34E-02    
1.61E-04 3.13E-03    1.25E-03 1.42E-01    1.16E-03 7.40E-01 3.60E-03 3.78E-02    
6.15E-04 2.30E-02    1.64E-03 4.84E-02    1.16E-03 7.72E-01 2.14E-03 1.33E-01    
1.16E-03 2.32E-02          1.25E-03 8.68E-01 6.73E-02 1.63E-01    
3.80E-04 2.61E-02          1.43E-03 1.13E+00 4.51E-02 3.05E-01    
1.06E-03 3.65E-01          1.63E-02 1.21E+00 3.25E-02 4.24E-01    
3.64E-02 4.47E-01          3.84E-02 1.22E+00 1.99E-02 4.38E-01    
2.77E-02 6.20E-01          1.39E-02 1.23E+00 1.53E-03 4.68E-01    
2.34E-03 6.26E-01          3.26E-03 1.44E+00 2.55E-01 5.37E-01    
9.44E-01 6.58E-01          1.30E-03 1.45E+00 7.14E-04 1.19E-01    
1.42E-03 6.77E-01          3.31E-03 1.79E+00       
1.07E-01 6.78E-01          6.62E-03 2.10E+00       
6.47E-02 6.87E-01          3.93E-03 2.11E+00       
1.67E-01 7.07E-01          6.53E-03 1.15E+00       
2.83E-03 7.08E-01                   
9.10E-03 7.35E-01                   
4.64E-02 7.44E-01                   
2.23E-01 7.64E-01                   
7.28E-02 8.18E-01                   
7.26E-01 8.85E-01                   
3.42E-01 9.37E-01                   
1.25E-03 9.97E-01                   
1.32E-03 1.33E+00                   
2.43E-01 1.38E+00                   
4.00E-02 1.48E+00                   
1.31E-01 1.51E+00                   
1.18E-02 1.56E+00                         
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Table I6:   Gamma Energies (Em; MeV) and Photon Yields (νm; Photons per disintegration) for Determining the 
Finite Cloud DCFs (cont’d) 

Br-82 Ce-141 Ce-143 Ce-144 Cl-36 Cm-242 Cm-244 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon 
Yield 

Gamma 
Energy 

Photon 
Yield 

Gamma 
Energy 

Photon 
Yield 

Gamma 
Energy 

Photon 
Yield 

Gamma 
Energy 

Photon 
Yield 

Gamma 
Energy 

Yield Yield 

1.04E-03 7.95E-01 2.65E-02 5.03E-03 9.63E-02 5.03E-03 1.58E-02 5.03E-03 6.87E-04 2.31E-03 1.15E-01 1.43E-02 1.03E-01 1.43E-02 

2.56E-02 8.02E-01 4.88E-02 3.56E-02 1.77E-01 3.56E-02 2.83E-03 3.36E-02     3.86E-04 5.92E-02 2.84E-04 5.69E-02 

2.28E-03 8.62E-01 8.94E-02 3.60E-02 3.24E-01 3.60E-02 2.43E-02 3.56E-02           

1.78E-03 8.65E-01 3.36E-02 4.07E-02 1.22E-01 4.07E-02 4.45E-02 3.60E-02           

1.34E-03 9.13E-01 4.84E-01 1.45E-01 1.18E-01 5.74E-02 1.67E-02 4.07E-02           

6.50E-03 9.19E-01    2.94E-03 1.69E-01 3.89E-03 4.09E-02           

1.63E-02 9.25E-01    2.06E-03 2.16E-01 1.60E-02 8.01E-02           

1.03E-03 1.04E+00    2.02E-02 2.32E-01 1.08E-01 1.34E-01           

3.81E-03 1.73E+00    4.20E-01 2.93E-01 1.33E-03 6.74E-02           

1.50E-03 1.83E+00    2.86E-03 3.38E-01               

1.08E-02 7.89E-01    3.36E-02 3.51E-01               

       1.34E-03 4.33E-01               

       1.18E-03 4.39E-01               

       1.97E-02 4.90E-01               

       2.44E-03 5.87E-01               

       5.25E-02 6.65E-01               

       5.12E-02 7.22E-01               

       9.24E-03 8.80E-01               

       3.65E-03 1.10E+00               

        8.93E-03 6.11E-01                 
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Table I6:   Gamma Energies (Em; MeV) and Photon Yields (νm; Photons per disintegration) for Determining the 
Finite Cloud DCFs (cont’d) 

Co-58 Co-60 Cr-51 Cs-134 Cs-136 Cs-138 Eu-152 
Photon 
Yield 

Gamma 
Energy 

Photon 
Yield 

Gamma 
Energy 

Photon 
Yield 

Gamma 
Energy 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy Yield Yield Yield Yield 

3.62E-03 7.00E-04 1.00E+00 1.17E+00 3.34E-03 5.10E-04 8.94E-04 4.47E-03 2.82E-02 4.47E-03 1.37E-03 4.47E-03 1.50E-01 5.64E-03 
7.78E-02 6.39E-03 1.00E+00 1.33E+00 6.59E-02 4.94E-03 2.14E-03 3.18E-02 4.95E-02 3.18E-02 2.89E-03 3.18E-02 2.08E-01 3.95E-02 
1.54E-01 6.40E-03 1.63E-04 6.94E-01 1.31E-01 4.95E-03 3.96E-03 3.22E-02 9.12E-02 3.22E-02 5.33E-03 3.22E-02 3.77E-01 4.01E-02 
3.10E-02 7.06E-03    2.62E-02 5.43E-03 1.44E-03 3.64E-02 3.32E-02 3.64E-02 1.94E-03 3.64E-02 1.46E-01 4.54E-02 
9.94E-01 8.11E-01    9.83E-02 3.20E-01 1.46E-02 4.75E-01 1.25E-01 6.69E-02 1.30E-03 1.13E-01 2.84E-01 1.22E-01 
7.36E-03 8.64E-01       8.38E-02 5.63E-01 6.28E-02 8.63E-02 1.49E-02 1.38E-01 7.49E-02 2.45E-01 
5.37E-03 1.67E+00       1.54E-01 5.69E-01 4.09E-03 1.10E-01 5.04E-03 1.92E-01 4.27E-03 2.96E-01 
2.99E-01 5.11E-01       9.76E-01 6.05E-01 7.46E-02 1.53E-01 3.28E-03 1.94E-01 1.25E-03 3.29E-01 

          8.54E-01 7.96E-01 4.61E-02 1.64E-01 1.75E-03 2.12E-01 1.01E-03 4.16E-01 
          8.73E-02 8.02E-01 6.28E-03 1.67E-01 1.51E-02 2.28E-01 2.81E-02 4.44E-01 
          1.00E-02 1.04E+00 1.36E-01 1.77E-01 2.90E-03 3.25E-01 3.02E-03 4.44E-01 
          1.80E-02 1.17E+00 5.98E-03 1.87E-01 2.44E-03 3.64E-01 4.13E-03 4.89E-01 
          3.04E-02 1.37E+00 1.27E-01 2.74E-01 1.91E-03 3.65E-01 4.82E-03 5.64E-01 
          3.54E-04 2.77E-01 5.98E-03 3.20E-01 4.66E-02 4.09E-01 1.29E-03 5.66E-01 

                    4.85E-01 3.41E-01 4.27E-03 4.22E-01 1.42E-03 6.56E-01 
                    9.77E-03 5.07E-01 3.07E-01 4.63E-01 1.48E-03 6.75E-01 
                    9.97E-01 8.19E-01 4.27E-03 5.17E-01 8.37E-03 6.89E-01 
                    7.96E-01 1.05E+00 1.08E-01 5.47E-01 2.65E-03 7.19E-01 
                    1.97E-01 1.24E+00 1.08E-03 6.84E-01 3.10E-03 8.10E-01 
                    3.30E-03 7.87E-01 1.46E-03 7.66E-01 1.61E-03 8.42E-01 
                        2.33E-03 7.73E-01 4.16E-02 8.67E-01 
                        3.28E-03 7.82E-01 4.01E-03 9.19E-01 
                        5.11E-02 8.72E-01 2.55E-03 9.26E-01 
                        1.14E-03 8.81E-01 1.14E-03 9.63E-01 
                        1.81E-01 9.35E-01 1.44E-01 9.64E-01 
                        2.98E-01 1.01E+00 6.60E-03 1.01E+00 
                        1.59E-03 1.05E+00 2.46E-03 1.08E+00 
                        1.24E-02 1.15E+00 9.96E-02 1.09E+00 
                            1.68E-03 1.20E+00 1.33E-01 1.11E+00 
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Table I6:   Gamma Energies (Em; MeV) and Photon Yields (νm; Photons per disintegration) for Determining the Finite Cloud DCFs 
(cont’d) 

 
Cs-138 (cont.) Eu-152 (cont.) Eu-154 Eu-155 Fe-55 Fe-59 Gd-153 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy Yield  Yield Yield Yield Yield Yield Yield 

3.97E-03 1.20E+00 1.38E-02 2.49E-01 7.63E-02 6.06E-03 8.01E-02 6.06E-03 4.20E-03 6.40E-04 1.03E-02 1.43E-01 2.49E-01 5.85E-03 
1.37E-03 1.26E+00 1.78E-03 3.58E-01 7.26E-02 4.23E-02 3.18E-03 2.65E-02 8.24E-02 5.89E-03 3.11E-02 1.92E-01 3.58E-01 4.09E-02 
1.14E-02 1.34E+00 1.01E-03 6.47E-01 1.31E-01 4.30E-02 6.47E-02 4.23E-02 1.63E-01 5.90E-03 2.60E-03 3.35E-01 6.47E-01 4.15E-02 
3.66E-03 1.42E+00 2.07E-01 2.53E-01 5.17E-02 4.87E-02 1.17E-01 4.30E-02 3.29E-02 6.49E-03 5.65E-01 1.10E+00 2.53E-01 4.70E-02 
7.63E-01 1.44E+00 4.88E-03 2.57E-02 4.05E-01 1.23E-01 1.29E-02 4.53E-02    4.32E-01 1.29E+00 2.57E-02 6.97E-02 
9.69E-03 1.45E+00 2.57E-03 2.19E-03 2.27E-03 1.88E-01 4.60E-02 4.87E-02    9.10E-04 1.23E+00 2.19E-03 8.34E-02 
1.83E-03 1.50E+00 8.69E-03 3.13E-01 6.60E-02 2.48E-01 1.11E-02 6.00E-02       3.13E-01 9.74E-02 
3.66E-03 1.56E+00 1.67E-03 2.22E-01 2.09E-03 4.01E-01 1.51E-03 8.61E-02       2.22E-01 1.03E-01 
1.37E-03 1.61E+00 2.19E-03 2.20E-03 5.04E-03 4.45E-01 3.09E-01 8.65E-02       2.20E-03 9.58E-02 
1.07E-03 1.72E+00 3.95E-03   2.17E-03 4.78E-01 2.07E-01 1.05E-01           
1.11E-03 1.73E+00 1.56E-03   2.56E-03 5.58E-01 1.85E-03 6.93E-02           
1.37E-03 1.78E+00 2.65E-01   8.41E-03 5.82E-01              
1.18E-03 2.02E+00 8.56E-03   4.83E-02 5.92E-01              
1.11E-03 2.06E+00 2.21E-02   3.09E-03 6.25E-01              

2.14E-03 2.21E+00 1.51E-03   1.40E-03 6.77E-01              
1.52E-01 2.22E+00 4.53E-03   1.69E-02 6.92E-01              
1.68E-03 2.50E+00 4.69E-03   1.74E-03 7.16E-01              
2.39E-03 2.58E+00 1.68E-03   1.97E-01 7.23E-01              
7.63E-02 2.64E+00 1.27E-01   4.33E-02 7.57E-01              
1.20E-03 2.73E+00 1.68E-02   4.65E-03 8.16E-01              
1.51E-03 3.34E+00 1.67E-03   5.50E-03 8.45E-01              
2.27E-03 3.37E+00 1.61E-02   2.31E-03 8.51E-01              
1.62E-02 1.61E+00 7.11E-03   1.15E-01 8.73E-01              
           4.61E-03 8.93E-01              
           8.23E-03 9.04E-01              
           1.03E-01 9.96E-01              
           1.79E-01 1.00E+00              
           1.42E-03 1.05E+00              
            1.03E-03 1.12E+00                  
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Table I6:   Gamma Energies (Em; MeV) and Photon Yields (νm; Photons per disintegration) for Determining the 
Finite Cloud DCFs (cont’d) 

Eu-154 (cont.) Gd-159 Hf-181 Hg-203 I-125 I-129 I-131 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Yield Yield Yield Yield Yield Yield Yield 

5.85E-03 3.28E-02 3.28E-02 6.27E-03 1.46E-01 8.15E-03 7.22E-02 1.03E-03 1.54E-01 3.77E-03 8.17E-02 4.11E-03 5.50E-03 4.11E-03 

4.09E-02 4.30E-02 4.30E-02 4.37E-02 8.62E-02 5.63E-02 4.75E-02 7.08E-02 3.92E-01 2.72E-02 2.00E-01 2.95E-02 1.35E-02 2.95E-02 

4.15E-02 7.73E-02 7.73E-02 4.45E-02 1.50E-01 5.75E-02 8.04E-02 7.29E-02 7.32E-01 2.75E-02 3.70E-01 2.98E-02 2.50E-02 2.98E-02 

4.70E-02 3.07E-02 3.07E-02 5.04E-02 6.34E-02 6.52E-02 3.55E-02 8.26E-02 2.54E-01 3.10E-02 1.32E-01 3.36E-02 8.88E-03 3.36E-02 

6.97E-02 1.76E-02 1.76E-02 5.80E-02 4.17E-01 1.33E-01 7.73E-01 2.79E-01 6.49E-02 3.55E-02 7.52E-02 3.96E-02 2.62E-02 8.02E-02 

8.34E-02 1.65E-03 1.65E-03 2.26E-01 5.23E-02 1.36E-01             2.65E-03 1.77E-01 

9.74E-02 1.68E-03 1.68E-03 3.48E-01 7.56E-03 1.37E-01             6.05E-02 2.84E-01 

1.03E-01 8.40E-02 8.40E-02 3.64E-01 1.72E-01 3.46E-01             2.51E-03 3.26E-01 

9.58E-02 2.11E-03 2.11E-03 3.64E-01 4.17E-03 4.76E-01             8.12E-01 3.64E-01 

        8.29E-01 4.82E-01             3.61E-03 5.03E-01 

        1.43E-03 6.16E-01             7.26E-02 6.37E-01 

        3.45E-04 5.23E-01             2.20E-03 6.43E-01 

                        1.80E-02 7.23E-01 

                
    

    2.30E-03 3.29E-01 
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Table I6:   Gamma Energies (Em; MeV) and Photon Yields (νm; Photons per disintegration) for Determining the 
Finite Cloud DCFs (cont’d) 

I-132 I-133 I-134 I-135 In-113m Kr-83m Kr-88 
Photon  
Yield 

Gamma 
Energy 

Photon  
Yield 

Gamma 
Energy 

Photon  
Yield 

Gamma 
Energy 

Photon  
Yield 

Gamma 
Energy 

Photon  
Yield 

Gamma 
Energy 

Photon  
Yield 

Gamma 
Energy 

Photon  
Yield 

Gamma 
Energy 

6.12E-04 4.11E-03 5.38E-04 4.11E-03 1.69E-03 4.11E-03 2.44E-04 4.11E-03 2.34E-02 3.29E-03 2.18E-02 1.59E-03 2.27E-03 1.69E-03 
1.72E-03 2.95E-02 1.51E-03 2.95E-02 4.32E-03 2.95E-02 6.86E-04 2.95E-02 6.83E-02 2.40E-02 5.41E-02 9.39E-03 2.37E-02 1.33E-02 
3.19E-03 2.98E-02 2.81E-03 2.98E-02 8.02E-03 2.98E-02 1.27E-03 2.98E-02 1.29E-01 2.42E-02 4.57E-02 1.26E-02 4.59E-02 1.34E-02 
1.13E-03 3.36E-02 9.98E-04 3.36E-02 2.85E-03 3.36E-02 4.52E-04 3.36E-02 4.27E-02 2.73E-02 8.87E-02 1.26E-02 1.20E-02 1.50E-02 
2.37E-03 1.47E-01 3.57E-03 2.63E-01 3.76E-02 1.35E-01 1.75E-02 2.21E-01 6.49E-01 3.92E-01 2.26E-02 1.41E-02 2.06E-02 2.75E-02 
1.38E-03 1.83E-01 1.17E-03 2.67E-01 6.87E-03 1.39E-01 2.32E-03 2.30E-01     5.07E-04 3.22E-02 1.97E-03 1.22E-01 
1.88E-03 2.55E-01 1.04E-03 3.45E-01 1.06E-03 1.52E-01 1.84E-03 2.64E-01         3.10E-02 1.66E-01 
1.44E-02 2.63E-01 1.12E-03 3.61E-01 2.58E-03 1.62E-01 3.09E-02 2.88E-01         2.60E-01 1.96E-01 
7.21E-03 2.85E-01 1.53E-03 4.18E-01 6.96E-03 1.88E-01 3.03E-03 2.90E-01         2.53E-03 2.41E-01 
1.38E-03 3.17E-01 3.09E-03 4.23E-01 2.48E-03 2.17E-01 1.86E-03 3.62E-01         1.07E-03 3.12E-01 
4.94E-03 3.64E-01 1.81E-02 5.11E-01 1.98E-02 2.35E-01 2.32E-03 4.03E-01         1.45E-03 3.35E-01 
2.96E-03 3.88E-01 8.63E-01 5.30E-01 1.31E-03 2.79E-01 3.00E-03 4.15E-01         2.25E-02 3.62E-01 
4.74E-03 4.17E-01 5.40E-03 6.18E-01 5.15E-03 3.20E-01 3.52E-02 4.18E-01         6.44E-03 3.91E-01 
4.84E-03 4.32E-01 6.45E-03 6.80E-01 4.96E-03 3.51E-01 3.03E-03 4.30E-01         1.28E-03 4.22E-01 
6.02E-03 4.46E-01 1.49E-02 7.07E-01 7.35E-02 4.05E-01 5.52E-03 4.34E-01         7.27E-03 4.72E-01 
1.78E-03 4.74E-01 4.57E-03 7.68E-01 6.11E-03 4.11E-01 3.15E-03 4.52E-01         2.35E-03 6.77E-01 
1.48E-03 4.79E-01 1.54E-03 8.21E-01 4.19E-02 4.33E-01 7.12E-02 5.47E-01         5.33E-03 7.88E-01 
4.15E-03 4.88E-01 1.23E-02 8.56E-01 1.30E-02 4.59E-01 1.29E-03 5.76E-01         1.25E-03 7.90E-01 
5.03E-02 5.06E-01 4.47E-02 8.75E-01 3.63E-03 4.66E-01 4.55E-03 6.50E-01         1.30E-01 8.35E-01 
1.61E-01 5.23E-01 2.12E-03 9.10E-01 1.41E-02 4.89E-01 1.29E-03 6.90E-01         1.73E-03 8.50E-01 
5.23E-03 5.36E-01 5.52E-03 1.05E+00 2.34E-02 5.14E-01 6.58E-03 7.08E-01         6.71E-03 8.62E-01 
1.09E-03 5.40E-01 1.37E-03 1.06E+00 7.82E-02 5.41E-01 1.52E-03 7.85E-01         2.94E-03 9.45E-01 
1.25E-02 5.47E-01 1.49E-02 1.24E+00 8.78E-03 5.66E-01 1.72E-03 7.98E-01         1.31E-02 9.86E-01 
1.38E-03 6.00E-01 2.33E-02 1.30E+00 2.10E-03 5.71E-01 6.67E-02 8.37E-01         1.42E-03 9.90E-01 
3.95E-03 6.21E-01 1.48E-03 1.35E+00 1.14E-01 5.95E-01 1.46E-03 9.61E-01         4.84E-03 1.04E+00 
1.58E-02 6.21E-01 6.07E-03 5.25E-01 1.06E-01 6.22E-01 8.87E-03 9.72E-01         1.42E-03 1.05E+00 
1.37E-01 6.30E-01     2.37E-02 6.28E-01 1.20E-02 9.73E-01         1.28E-02 1.14E+00 
2.66E-02 6.51E-01     8.49E-02 6.77E-01 1.54E-03 9.95E-01         9.96E-03 1.18E+00 
3.95E-03 6.59E-01     8.30E-03 7.07E-01 7.93E-02 1.04E+00         6.89E-03 1.19E+00 
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Table I6:   Gamma Energies (Em; MeV) and Photon Yields (νm; Photons per 
disintegration) for Determining the Finite Cloud DCFs (cont’d) 

I-132 (cont.) I-134 (cont.) I-135 (cont.) Kr-88 (cont.) 
Photon  
Yield 

Gamma 
Energy 

Photon  
Yield 

Gamma 
Energy 

Photon  
Yield 

Gamma 
Energy 

Photon  
Yield 

Gamma 
Energy 

9.87E-01 6.68E-01 1.91E-02 7.31E-01 1.60E-02 1.10E+00 1.42E-03 1.21E+00 
4.94E-02 6.70E-01 7.63E-03 7.39E-01 3.60E-02 1.12E+00 1.38E-03 1.21E+00 
5.23E-02 6.72E-01 4.10E-02 7.67E-01 2.25E-01 1.13E+00 3.63E-03 1.25E+00 
3.16E-02 7.27E-01 5.25E-03 8.16E-01 1.03E-03 1.16E+00 1.12E-02 1.25E+00 
2.17E-02 7.27E-01 9.54E-01 8.47E-01 8.73E-03 1.17E+00 1.59E-03 1.33E+00 
1.09E-02 7.29E-01 6.96E-02 8.57E-01 9.01E-03 1.24E+00 1.59E-03 1.35E+00 
3.95E-03 7.65E-01 1.91E-03 8.64E-01 2.86E-01 1.26E+00 1.48E-02 1.37E+00 
7.62E-01 7.73E-01 6.53E-01 8.84E-01 6.07E-03 1.37E+00 2.18E-03 1.41E+00 
1.23E-02 7.80E-01 1.43E-03 9.23E-01 3.15E-03 1.45E+00 1.14E-03 1.46E+00 
4.24E-03 7.85E-01 4.04E-02 9.48E-01 8.64E-02 1.46E+00 2.15E-02 1.52E+00 
2.86E-02 9.10E-01 3.53E-03 9.67E-01 1.07E-02 1.50E+00 1.09E-01 1.53E+00 
5.63E-02 8.12E-01 4.68E-02 9.75E-01 1.29E-02 1.57E+00 4.57E-03 1.60E+00 
5.82E-03 8.63E-01 1.91E-02 1.04E+00 9.53E-02 1.68E+00 6.64E-03 1.69E+00 
1.08E-02 8.77E-01 1.53E-01 1.07E+00 4.09E-02 1.71E+00 1.38E-03 1.89E+00 
9.18E-03 9.10E-01 6.87E-03 1.10E+00 7.70E-02 1.79E+00 1.00E-03 1.91E+00 
4.15E-03 9.28E-01 7.25E-03 1.10E+00 5.78E-03 1.83E+00 4.53E-02 2.03E+00 
1.81E-01 9.55E-01 9.73E-02 1.14E+00 2.95E-03 1.93E+00 3.74E-02 2.04E+00 
5.63E-03 9.84E-01 3.53E-03 1.16E+00 8.70E-03 2.05E+00 2.87E-03 2.19E+00 
4.74E-03 1.03E+00 1.34E-03 1.16E+00 6.12E-03 2.26E+00 1.32E-01 2.20E+00 
2.96E-02 1.14E+00 3.53E-03 1.19E+00 9.53E-03 2.41E+00 3.39E-02 2.23E+00 
1.35E-02 1.14E+00 2.10E-03 1.24E+00 1.49E-02 1.07E+00 7.30E-03 2.35E+00 
2.76E-03 1.15E+00 5.63E-03 1.27E+00     3.46E-01 2.39E+00 
1.09E-02 1.17E+00 1.05E-03 1.32E+00     1.04E-03 2.41E+00 
1.78E-03 1.27E+00 1.43E-03 1.34E+00     6.23E-03 2.55E+00 
1.14E-02 1.29E+00 4.48E-03 1.35E+00     1.49E-03 2.77E+00 
1.97E-02 1.30E+00 2.19E-03 1.41E+00     1.89E-02 1.00E+00 
8.88E-03 1.30E+00 1.72E-03 1.43E+00         
1.18E-03 1.32E+00 1.72E-03 1.43E+00         
2.47E-02 1.37E+00 2.29E-02 1.46E+00         
7.11E-02 1.40E+00 7.73E-03 1.47E+00         
1.42E-02 1.44E+00 1.14E-03 1.51E+00         
1.35E-03 1.48E+00 5.06E-03 1.54E+00         
2.96E-03 1.76E+00 4.36E-02 1.61E+00         
1.18E-02 1.92E+00 2.58E-03 1.63E+00         
1.09E-02 2.00E+00 4.01E-03 1.64E+00         
2.37E-03 2.09E+00 2.29E-03 1.66E+00         
1.97E-03 2.17E+00 2.67E-02 1.74E+00         
1.18E-03 2.22E+00 5.72E-02 1.81E+00         
1.68E-03 2.39E+00 1.81E-03 1.93E+00         
3.19E-02 1.01E+00 1.72E-03 2.02E+00         

    2.10E-03 2.16E+00         
    2.39E-03 2.31E+00         
    1.53E-03 2.47E+00         
    1.33E-02 1.79E+00         
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Table I6:   Gamma Energies (Em; MeV) and Photon Yields (νm; Photons per disintegration) for Determining the 
Finite Cloud DCFs (cont’d) 

Kr-85 Kr-85m Kr-87 La-140 Mn-54 Mo-99 N-13 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy Yield Yield Yield Yield Yield Yield Yield 

4.34E-03 5.14E-01 1.00E-03 1.59E-03 2.95E-05 1.69E-03 2.55E-03 4.84E-03 3.70E-03 5.70E-04 2.05E-03 2.42E-03 3.72E-06 2.77E-04 

    1.12E-02 1.26E-02 3.39E-04 1.33E-02 4.72E-03 3.43E-02 7.43E-02 5.41E-03 9.05E-03 1.83E-02 2.00E+00 5.11E-01 

    2.16E-02 1.26E-02 6.55E-04 1.34E-02 8.66E-03 3.47E-02 1.47E-01 5.41E-03 1.73E-02 1.84E-02     

    5.51E-03 1.41E-02 1.72E-04 1.50E-02 3.22E-03 3.93E-02 2.94E-02 5.95E-03 5.19E-03 2.06E-02     

    1.40E-01 3.05E-01 4.95E-01 4.03E-01 1.91E-03 1.09E-01 1.00E+00 8.35E-01 8.83E-03 4.06E-02     

    5.86E-04 1.69E-03 1.91E-02 6.74E-01 5.54E-03 1.31E-01    3.79E-02 1.41E-01     

    6.12E-03 1.33E-02 1.68E-03 8.14E-01 1.24E-03 1.74E-01    6.23E-02 1.81E-01     

    1.18E-02 1.34E-02 7.52E-03 8.36E-01 4.30E-03 2.42E-01    1.37E-02 3.66E-01     

    3.10E-03 1.50E-02 7.28E-02 8.45E-01 4.87E-03 2.67E-01    1.28E-01 7.40E-01     

    3.01E-03 1.30E-01 1.39E-03 9.47E-01 2.05E-01 3.29E-01    4.48E-02 7.78E-01     

    7.53E-01 1.51E-01 1.12E-02 1.18E+00 2.94E-02 4.33E-01    1.33E-03 8.23E-01     

    2.11E-04 5.81E-01 6.48E-03 1.34E+00 4.55E-01 4.87E-01    2.58E-03 6.80E-01     

       2.87E-03 1.38E+00 4.40E-02 7.52E-01           

       1.24E-03 1.39E+00 2.35E-01 8.16E-01           

       3.56E-03 1.53E+00 5.63E-02 8.68E-01           

       1.29E-03 1.58E+00 2.88E-02 9.20E-01           

       1.04E-03 1.61E+00 7.09E-02 9.25E-01           

       2.05E-02 1.74E+00 5.35E-03 9.51E-01           

       1.39E-03 1.84E+00 9.55E-01 1.60E+00           

       2.90E-02 2.01E+00 8.51E-03 2.35E+00           

       2.13E-03 2.41E+00 3.46E-02 2.52E+00           

       9.31E-02 2.55E+00 1.04E-03 2.55E+00           

       3.91E-02 2.56E+00 4.16E-03 1.21E+00           

       3.17E-03 2.81E+00              

       4.50E-03 3.31E+00              

        6.50E-03 1.62E+00                 
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Table I6:   Gamma Energies (Em; MeV) and Photon Yields (νm; Photons per disintegration) for Determining the 
Finite Cloud DCFs (cont’d) 

Na-22 Na-24 Nb-95 Np-237 Np-239 Pa-233 Pm-147 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Yield Yield Yield Yield Yield Yield Yield 

1.25E-03 8.49E-04 1.00E+00 1.37E+00 5.26E-05 2.29E-03 5.92E-01 1.33E-02 6.18E-01 1.43E-02 4.89E-01 1.36E-02 2.85E-05 1.21E-01 

9.99E-01 1.27E+00 9.99E-01 2.75E+00 2.81E-04 1.74E-02 1.40E-01 2.94E-02 1.00E-03 4.94E-02 1.26E-02 7.53E-02    

1.80E+00 5.11E-01 6.41E-04 3.82E+00 5.38E-04 1.75E-02 1.40E-03 4.65E-02 1.51E-03 5.73E-02 1.89E-02 8.66E-02    

       1.58E-04 1.96E-02 4.16E-03 5.72E-02 9.59E-03 6.15E-02 1.08E-01 9.47E-02    

       9.98E-01 7.66E-01 1.26E-01 8.65E-02 1.47E-01 9.96E-02 1.76E-01 9.84E-02    

       2.89E-04 3.89E-01 1.60E-03 8.80E-02 2.37E-01 1.04E-01 7.41E-03 1.04E-01    

           1.58E-02 9.23E-02 2.27E-01 1.06E-01 8.18E-02 1.11E-01    

           8.32E-03 9.47E-02 1.11E-01 1.17E-01 3.05E-03 2.71E-01    

           2.58E-02 9.59E-02 1.11E-03 1.82E-01 6.64E-02 3.00E-01    

           1.20E-02 1.08E-01 3.24E-02 2.10E-01 3.86E-01 3.12E-01    

           1.70E-03 1.18E-01 3.38E-03 2.26E-01 4.52E-02 3.41E-01    

           4.16E-03 1.43E-01 1.07E-01 2.28E-01 6.18E-03 3.75E-01    

           2.49E-03 1.51E-01 1.00E-03 2.54E-01 1.27E-02 3.99E-01    

           2.10E-03 1.95E-01 1.41E-01 2.78E-01 1.62E-02 4.16E-01    

           1.60E-03 2.12E-01 7.76E-03 2.85E-01 2.07E-03 1.20E-01    

           1.05E-02 1.64E-01 1.59E-02 3.16E-01       

              2.03E-02 3.34E-01       

                3.93E-03 1.52E-01         
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Table I6:   Gamma Energies (Em; MeV) and Photon Yields (νm; Photons per disintegration) for Determining the 
Finite Cloud DCFs (cont’d) 

Pu-238 Pu-239 Pu-240 Pu-242 Ra-224 Ra-225 Ra-226 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Yield Yield Yield Yield Yield Yield Yield 

1.16E-01 1.36E-02 4.41E-02 1.36E-02 1.10E-01 1.36E-02 9.13E-02 1.36E-02 3.97E-03 1.17E-02 3.10E-01 4.00E-02 1.80E-03 8.11E-02 

4.73E-04 5.53E-02 4.76E-04 1.13E-01 5.25E-04 5.43E-02 4.43E-04 5.65E-02 1.26E-03 8.11E-02     2.99E-03 8.38E-02 

               2.09E-03 8.37E-02     1.36E-03 9.49E-02 

               9.49E-04 9.49E-02     3.28E-02 1.86E-01 

               3.95E-02 2.41E-01     6.67E-05 3.10E-01 

                  1.80E-04 4.65E-01          
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Table I6:   Gamma Energies (Em; MeV) and Photon Yields (νm; Photons per disintegration) for Determining the 
Finite Cloud DCFs (cont’d) 

Rb-88 Rh-103m Ru-103 Sb-122 Sb-124 Sb-125 Sc-46 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy Yield Yield Yield Yield Yield Yield Yield 

1.40E-01 8.98E-01 4.03E-02 2.70E-03 5.32E-04 2.70E-03 1.75E-03 3.44E-03 3.37E-04 3.77E-03 4.95E-02 3.77E-03 1.00E+00 8.89E-01 
1.03E-03 1.37E+00 2.20E-02 2.01E-02 2.51E-03 2.01E-02 5.03E-03 2.50E-02 1.02E-03 2.72E-02 1.28E-01 2.72E-02 1.00E+00 1.12E+00 
7.43E-03 1.38E+00 4.18E-02 2.02E-02 4.77E-03 2.02E-02 9.43E-03 2.53E-02 1.91E-03 2.75E-02 2.39E-01 2.75E-02 1.20E-07 2.01E+00 
2.16E-03 1.78E+00 1.30E-02 2.27E-02 1.49E-03 2.27E-02 3.18E-03 2.85E-02 6.63E-04 3.10E-02 8.28E-02 3.10E-02   
2.14E-01 1.84E+00 7.04E-04 3.97E-02 3.73E-03 5.33E-02 7.74E-03 1.14E+00 1.29E-03 4.00E-01 4.16E-02 3.55E-02   
1.18E-03 2.11E+00     2.49E-03 2.95E-01 2.89E-04 3.77E-03 2.06E-03 4.44E-01 2.61E-03 1.17E-01   
4.22E-03 2.12E+00     3.20E-03 4.44E-01 8.80E-04 2.72E-02 1.66E-03 5.26E-01 1.81E-03 1.73E-01   
1.80E-03 2.58E+00     8.89E-01 4.97E-01 1.64E-03 2.75E-02 9.79E-01 6.03E-01 6.89E-02 1.76E-01   
1.96E-02 2.68E+00     8.27E-03 5.57E-01 5.70E-04 3.10E-02 1.47E-03 6.32E-01 3.23E-03 2.04E-01   
1.09E-03 2.73E+00     5.60E-02 6.10E-01 7.06E-01 5.64E-01 7.26E-02 6.46E-01 2.43E-03 2.08E-01   
2.44E-03 3.01E+00     1.25E-03 4.87E-01 3.74E-02 6.93E-01 1.42E-02 7.09E-01 1.31E-03 2.28E-01   
2.14E-03 3.22E+00         7.77E-03 1.26E+00 2.38E-02 7.14E-01 4.17E-03 3.21E-01   
1.31E-03 3.49E+00         2.19E-04 1.18E+00 1.11E-01 7.23E-01 1.50E-02 3.80E-01   
1.43E-03 4.74E+00           1.27E-03 7.36E-01 1.82E-03 4.08E-01   
3.33E-03 1.47E+00           7.44E-03 7.91E-01 2.93E-01 4.28E-01   

                1.92E-02 9.68E-01 3.02E-03 4.44E-01   
                1.86E-02 1.05E+00 1.04E-01 4.63E-01   
                1.50E-02 1.33E+00 1.78E-01 6.01E-01   
                9.98E-03 1.36E+00 5.02E-02 6.07E-01   
                2.51E-02 1.37E+00 1.13E-01 6.36E-01   
                4.40E-03 1.38E+00 1.81E-02 6.71E-01   
                1.14E-02 1.44E+00 6.97E-04 1.59E-01   
                2.15E-03 1.45E+00      
                6.26E-03 1.49E+00      
                4.01E-03 1.53E+00      
                1.96E-03 1.58E+00      
                4.90E-01 1.69E+00      
                5.73E-02 2.09E+00      
                  1.34E-02 1.21E+00         
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Table I6:   Gamma Energies (Em; MeV) and Photon Yields (νm; Photons per disintegration) for Determining the 
Finite Cloud DCFs (cont’d) 

Sc-47 Se-75 Sn-113 Sr-89 Tb-160 Tc-99 Tc-99m 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Yield Yield Yield Yield Yield Yield Yield 

2.49E-04 4.50E-03 1.61E-01 1.05E-02 6.71E-02 3.29E-03 1.50E-04 9.09E-01 1.07E-01 6.50E-03 5.80E-06 8.94E-02 4.84E-03 2.42E-03 

4.94E-04 4.51E-03 3.14E-01 1.05E-02 2.07E-01 2.40E-02    6.03E-02 4.52E-02    2.10E-02 1.83E-02 

9.88E-05 4.93E-03 7.27E-02 1.17E-02 3.90E-01 2.42E-02    1.08E-01 4.60E-02    4.02E-02 1.84E-02 

6.80E-01 1.59E-01 1.02E-02 6.61E-02 1.29E-01 2.73E-02    4.32E-02 5.21E-02    1.21E-02 2.06E-02 
      3.41E-02 9.67E-02 1.93E-02 2.55E-01    1.33E-01 8.68E-02    8.91E-01 1.41E-01 
      1.67E-01 1.21E-01 9.71E-06 6.38E-01    4.90E-02 1.97E-01    2.14E-04 1.43E-01 
      5.92E-01 1.36E-01       3.71E-02 2.16E-01       
      1.45E-02 1.99E-01       2.71E-01 2.99E-01       
      5.98E-01 2.65E-01       8.15E-03 3.10E-01       
      2.52E-01 2.80E-01       3.33E-03 3.37E-01       
      1.32E-02 3.04E-01       1.28E-02 3.92E-01       
      1.14E-01 4.01E-01       5.51E-03 6.82E-01       
      9.72E-04 3.33E-01       1.93E-03 7.65E-01       
                  1.79E-03 8.72E-01       
                  2.85E-01 8.79E-01       
                  9.03E-02 9.62E-01       
                  2.42E-01 9.66E-01       
                  9.69E-03 1.00E+00       
                  5.23E-03 1.10E+00       
                  1.50E-02 1.12E+00       
                  1.44E-01 1.18E+00       
                  2.36E-02 1.20E+00       
                  7.03E-02 1.27E+00       
                  2.85E-02 1.31E+00       

                    5.09E-03 6.51E-01         
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Table I6:   Gamma Energies (Em; MeV) and Photon Yields (νm; Photons per disintegration) for Determining the 
Finite Cloud DCFs (cont’d) 

Te-125m Te-132 Th-228 Th-229 Th-232 Th-234 U-232 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy 
Photon  Gamma 

Energy Yield Yield Yield Yield Yield Yield Yield 

1.51E-01 3.77E-03 7.26E-02 3.94E-03 1.21E-02 8.44E-02 1.73E-03 1.74E-02 1.90E-03 5.90E-02 9.57E-02 1.33E-02 1.20E-01 1.30E-02 
3.23E-01 2.72E-02 1.83E-01 2.83E-02 1.24E-03 1.32E-01 4.08E-02 3.13E-02 4.20E-04 1.25E-01 3.81E-02 6.33E-02 2.01E-03 5.78E-02 
6.03E-01 2.75E-02 3.41E-01 2.86E-02 2.39E-03 2.16E-01 1.63E-03 4.28E-02     2.72E-02 9.24E-02 7.29E-04 1.42E-01 
2.09E-01 3.10E-02 1.19E-01 3.23E-02 1.15E-03 1.73E-01 3.26E-03 5.66E-02     2.69E-02 9.28E-02     
6.49E-02 3.55E-02 1.31E-01 4.97E-02    1.02E-03 6.82E-02     2.42E-03 1.13E-01     
2.83E-03 1.09E-01 1.85E-02 1.12E-01    1.12E-03 6.89E-02     1.28E-03 7.68E-02     
4.00E-09 1.45E-01 1.94E-02 1.16E-01    5.20E-03 7.52E-02            

    8.80E-01 2.28E-01    1.65E-01 8.54E-02            
          3.77E-03 8.63E-02            
          3.06E-02 8.64E-02            
          2.71E-01 8.85E-02            
          1.24E-01 1.00E-01            
          8.36E-03 1.07E-01            
          1.22E-02 1.25E-01            
          6.12E-03 1.25E-01            
          3.26E-03 1.32E-01            
          1.63E-02 1.37E-01            
          4.28E-03 1.43E-01            
          1.39E-02 1.48E-01            
          6.63E-03 1.54E-01            
          1.12E-02 1.56E-01            
          2.24E-03 1.73E-01            
          5.10E-03 1.80E-01            
          2.35E-03 1.84E-01            
          4.59E-02 1.94E-01            
          3.26E-02 2.11E-01            
          1.43E-03 2.18E-01            

            7.14E-04 1.31E-01             

 



PROTECTED-COG R&D 475 COG-06-3090-R2-I 
HS&E - WP-30442 

 

 

Table I6:   Gamma Energies (Em; MeV) and Photon Yields (νm; Photons per disintegration) for Determining the 
Finite Cloud DCFs (cont’d) 

 
U-233 U-234 U-235 U-236 U-238 Xe-125 Xe-131m 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy 

Yield Yield Yield Yield Yield Yield Yield 

3.92E-02 1.30E-02 1.05E-01 1.30E-02 3.09E-01 1.30E-02 9.98E-02 1.30E-02 8.83E-02 1.30E-02 1.15E-01 3.94E-03 8.37E-02 4.11E-03 

1.82E-03 1.15E-01 1.18E-03 5.32E-02 1.10E-03 7.27E-02 1.11E-03 6.82E-02 9.70E-04 6.64E-02 2.89E-01 2.83E-02 1.55E-01 2.95E-02 

    4.01E-04 1.21E-01 2.73E-02 9.00E-02       5.39E-01 2.86E-02 2.87E-01 2.98E-02 

       4.46E-02 9.34E-02       1.89E-01 3.23E-02 1.02E-01 3.36E-02 

       2.06E-02 1.05E-01       5.95E-02 5.50E-02 1.96E-02 1.64E-01 

       1.50E-02 1.09E-01       1.18E-03 7.49E-02     

       1.50E-03 1.20E-01       4.79E-03 1.14E-01     

       2.20E-03 1.41E-01       5.51E-01 1.88E-01     

       1.05E-01 1.44E-01       2.89E-01 2.43E-01     

       4.70E-02 1.63E-01       2.48E-03 3.72E-01     

       4.00E-03 1.83E-01       4.24E-02 4.54E-01     

       5.40E-01 1.86E-01       1.05E-03 6.36E-01     

       5.90E-03 1.95E-01       1.21E-03 6.36E-01     

       1.00E-02 2.02E-01       1.04E-02 8.47E-01     

       4.70E-02 2.05E-01       5.40E-03 9.02E-01     

       1.00E-03 2.21E-01       1.16E-03 9.37E-01     

       9.19E-03 1.90E-01       1.05E-03 9.93E-01     

                  1.43E-03 1.01E+00     

                  2.87E-03 1.14E+00     

                  6.34E-03 1.18E+00     

                  4.01E-03 9.05E-01     

                      1.43E-02 5.11E-01     
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Table I6:   Gamma Energies (Em; MeV) and Photon Yields (νm; Photons per disintegration) for Determining the 
Finite Cloud DCFs (cont’d) 

 
Xe-133 Xe-133m Xe-135 Xe-135m Xe-138 Y-91 Zn-65 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy 

Photon  Gamma 
Energy Yield Yield Yield Yield Yield Yield Yield 

6.14E-02 4.29E-03 7.76E-02 4.11E-03 6.57E-03 4.29E-03 1.66E-02 4.11E-03 6.07E-02 4.29E-03 3.00E-03 1.20E+00 5.73E-03 9.30E-04 
1.36E-01 3.06E-02 1.60E-01 2.95E-02 1.45E-02 3.06E-02 3.84E-02 2.95E-02 1.92E-03 4.85E-03    1.15E-01 8.03E-03 
2.53E-01 3.10E-02 2.97E-01 2.98E-02 2.68E-02 3.10E-02 7.13E-02 2.98E-02 6.96E-03 1.09E-02    2.26E-01 8.05E-03 
9.06E-02 3.50E-02 1.06E-01 3.36E-02 9.61E-03 3.50E-02 2.54E-02 3.36E-02 1.03E-02 3.06E-02    4.61E-02 8.91E-03 
2.17E-03 7.96E-02 1.03E-01 2.33E-01 2.89E-03 1.58E-01 8.10E-01 5.27E-01 1.90E-02 3.10E-02    5.08E-01 1.12E+00 
3.65E-01 8.10E-02    8.99E-01 2.50E-01    6.82E-03 3.50E-02    6.00E-05 5.58E-01 
7.12E-04 1.78E-01    2.20E-03 3.58E-01    5.95E-02 1.54E-01    2.83E-02 5.11E-01 

       3.58E-03 4.08E-01    3.50E-02 2.43E-01       
       2.89E-02 6.08E-01    3.15E-01 2.58E-01       
       2.09E-03 6.84E-01    4.28E-03 2.83E-01       
             1.07E-03 3.35E-01       
             5.01E-03 3.71E-01       
             6.30E-02 3.96E-01       
             2.17E-02 4.01E-01       
             2.03E-01 4.34E-01       
             3.62E-03 5.00E-01       
             2.52E-03 5.30E-01       

               1.17E-03 5.38E-01       
               1.17E-03 5.56E-01        
               3.06E-03 5.69E-01        
               1.23E-03 5.89E-01        
               1.45E-03 6.54E-01        
               2.96E-03 8.66E-01        
               6.21E-03 8.69E-01        
               1.32E-03 8.97E-01        
               3.28E-03 9.13E-01        
               9.20E-03 9.17E-01        
               1.35E-03 9.36E-01        
               2.30E-03 9.41E-01        
                  4.10E-03 1.09E+00          
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Table I6:   Gamma Energies (Em; MeV) and Photon Yields (νm; Photons per 
disintegration) for Determining the Finite Cloud DCFs (cont’d) 

Xe-138 (cont.) Zr-95 
Photon  
Yield 

Gamma 
Energy 

Photon  
Yield 

Gamma 
Energy 

2.14E-03 1.10E+00 4.37E-01 7.24E-01 
1.07E-03 1.10E+00 5.53E-01 7.57E-01 
1.47E-02 1.11E+00   
5.13E-03 1.14E+00   
1.32E-03 1.15E+00   
2.65E-03 1.57E+00   
2.36E-03 1.61E+00   
1.67E-01 1.77E+00   
1.80E-03 1.81E+00   
1.42E-02 1.85E+00   
5.64E-03 1.93E+00   
5.36E-02 2.00E+00   
1.23E-01 2.02E+00   
1.44E-02 2.08E+00   
2.29E-02 2.25E+00   
6.21E-03 2.32E+00   
3.12E-03 2.48E+00   
1.73E-03 2.50E+00   
2.66E-02 1.12E+00   

 
Note:  Radionuclide energies provided by S. Chouhan (AECL) based on Chu et al. (1999). 
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Figure I2:   Ratio of Finite to Semi-Infinite Cloud Dose for 133Xe 
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Figure I3:   Ratio of Finite to Semi-Infinite Cloud Dose for 41Ar 
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I4 Internal Dosimetry Issues 
 
I4.1 Chemical Forms 
 
The chemical forms of the radionuclides of hydrogen, carbon, sulphur, iodine and mercury 
have to be addressed.  Different chemical forms have different dose coefficients and 
environmental transport parameters. 
 
Hydrogen 
 
Hydrogen can be present in the following forms: 
 

* tritiated water (HTO) 
* tritium gas (HT) 
* organically bound tritium (OBT) 
* airborne particulates 

 
HTO is by far the dominant species in the airborne and liquid effluents of the nuclear 
generating stations.  HT is present mainly in the effluent of the Darlington Tritium Removal 
Facility (DTRF) but may be present in trace amounts in the airborne effluents of the nuclear 
generating stations from radiolytic decomposition of water.  OBT is not expected to be 
present directly in the effluents but HTO and HT released may be converted to OBT in the 
environment.  Particulate tritium is present at the DTRF in metal getter beds in the form of 
metal tritides such as uranium or titanium tritide.  However, these metal getter beds are 
sealed systems and release in the effluent is implausible under normal operating 
conditions.  In summary, dose coefficients will be provided for the following: 
 
 For inhalation: HTO, HT 
 
 For ingestion: HTO, OBT 
 
Carbon 
 
Carbon can be present in the following forms: 
 

* carbon dioxide (CO2) 
* airborne particulates 
* inorganic carbon (carbonate, bicarbonate) 
* organic compounds 

 
For inhalation, the common forms are CO2 and particulates.  The default lung absorption 
type recommended in ICRP-72 (ICRP, 1996b) for unspecified 14C particulates is "M".  
Animal experiments (Johnson, 1989) using 14C-bearing aerosols obtained during the re-
tubing at Pickering NGS "A" showed that the lung retention and clearance behaviour of 
these aerosols is consistent with Class "Y" (ICRP, 1979-1981; TGLD, 1966) which is 
roughly equivalent to lung absorption type "S" used in current ICRP terminology.  Re-tubing 
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is not an operation undertaken under normal conditions.  The ICRP-72 default lung 
absorption "M" is regarded as more representative of airborne 14C particulates expected to 
be found under normal operating conditions and will be used in this Guidance. 
 
Gaseous hydrocarbons such as methane and ethane may also be present in small amounts 
in the airborne effluent.  Their impact through inhalation is minimal as only about 1% of 
infused CH4 is converted to CO2 and then translocated to blood (ICRP, 1996a, p.32). 
 
14C transferred to foods is expected to be in organic forms.  Some of the 14C in drinking 
water may be in the form of inorganic carbonate or bicarbonate.  ICRP-72 (1996b) gives 
only one set of dose coefficients for ingestion, which will be used for either organic or 
inorganic forms.  In summary, dose coefficients will be provided for the following: 
 
 For inhalation: CO2, particulates (type "M") 
 
 For ingestion: Both organic and inorganic forms (same DCF) 
 

Sulphur 
 
Sulphur can be present in the following forms: 
 

* sulphur dioxide (SO2) 
* airborne particulates 
* inorganic sulphur (e.g., sulphates) 
* organic compounds 

 
A known source of 35S is neutron activation of gadolinium sulphate used for reactivity 
control in some of the COG nuclear stations.  The chemical form produced is expected to 
be sulphate, not SO2.  The DCF for the ICRP-recommended default lung absorption type 
"M" inorganic particulates is more restrictive than that for SO2.  In this Guidance, it is 
recommended that the DCF for inorganic sulphur particulates, lung absorption type "M", be 
used for inhalation. 
 
Sulphur can be present as both organic sulphur and inorganic sulphates in drinking water.  
In foods it is expected to be present mainly as organic compounds such as amino acids.  
The ingestion DCFs for the organic form are more restrictive and should be used as the 
default.  In summary, dose coefficients will be provided for the following: 
 
 For inhalation: inorganic particulates (type "M") 
 
 For ingestion: organic form 
 
Iodine 
 
Iodine can be present in the following forms: 
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* elemental iodine (I2) 
* methyl iodide (CH3I) 
* airborne particulates 
* inorganic iodine (iodides, iodates) 
* organic compounds (other than CH3I) 

 
Radioiodine in the stack effluent can be present as I2, CH3I, or particulates.  The dominant 
species of radioiodine released from fuel is I2 (USNRC, 1999) with CH3I being a very minor 
species.  Even though I2 photo-dissociates rapidly in the presence of sunlight, at least 1/3 of 
the total iodine in the atmosphere out to 3 km from the point of release is still in the form of 
I2 (Nair et al., 2000).  The inhalation DCF for I2 is also higher than that for CH3I or 
particulate iodine (ICRP default lung absorption type "F").  I2 released from fuel can interact 
with airborne particulates to produce the particulate form.  Also radioiodines released from 
the Bruce RWOS2 Incinerator stack can be in the particulate form.  In this Standard, 
inhalation DCFs for both the elemental form and particulate form of iodine will be given.  For 
ingestion, there is only one set of DCFs given in ICRP-72 (ICRP, 1996b) and these will be 
used as the default.  In summary, dose coefficients will be provided for the following: 
 
 For inhalation: I2, particulates (type "F") 
 
 For ingestion: inorganic and organic form (same DCF) 
 
Mercury 
 
Mercury can be present in the following forms: 
 

* airborne particulate 
* inorganic mercury 
* organic compounds 

 
Mercury released in the stack effluent is likely to be in inorganic particulate form.  The 
inhalation DCF for 203Hg in the inorganic form is also more restrictive than the organic form 
and should be used as the default.  Mercury in foods is likely to be in organic form.  The 
ingestion DCF for 203Hg in the organic form is also more restrictive than the inorganic form 
and should be used as the default.  In summary, dose coefficients will be provided for the 
following: 
 
 For inhalation: inorganic particulates 
 
 For ingestion: organic form 

Nitrogen 
 
The N-13 isotope is expected to be released from the facility primarily in the elemental (N2) 
gaseous form.  It is relatively non-reactive, but may react with oxygen in the environment 
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under high temperature and pressure, such as in lightening strikes, to form NO and NO2.  
Most N2 is fixed by bacteria and algae to form NH3, which is oxidized by other bacteria to 
NO2 and NO3 ions.  Plants take up nitrogen mainly as NO3.   
 
Since N2 is non-reactive, and not taken up as such by either plants or animals, the N-13 
isotope can only impart dose by the air immersion pathway.  It does not partition 
appreciably to water or soil, given its short half-life and long timeframes for microbial 
fixation.  Thus, only one chemical form (N2) is of interest, and only air mmersion DCFs are 
needed. 
 
 
I4.2  COG-Specific Dose Coefficients 
 
The large majority of the dose coefficients presented in this Guidance Document are values 
given in ICRP-72 (ICRP, 1996b).  However, for tritium and C-14, the DCFs recommended 
herein for use in determining DRLs for COG member facilities are based on additional 
considerations.  These "COG-specific" DCFs and their rationale are discussed below. 
 
I.4.2.1 Tritium 
 
The adult HTO dose coefficient used in both Gorman (1986) and in CSA (1987) 
(N288.1-87) is 2 x 10-11 Sv · Bq-1.  This was based on Johnson and Dunford (1983), who 
calculated dose to soft tissue mass (63 kg) and included a dose contribution (about 10%) 
from the small fraction of tritium in HTO that becomes organically bound.  This methodology 
was approved by the AECB in Regulatory Document R-100 (AECB, 1987).  
 
The adult dose coefficient given in ICRP-67 (ICRP, 1993) and ICRP-71 (ICRP, 1996a) is 
1.8 x 10-11 Sv · Bq-1, about 10% lower than Johnson and Dunford (1983).  While 
acknowledging the contribution from organically bound tritium, ICRP-67 and ICRP-71 
calculate dose to the whole body mass of 68.8 kg (ICRP-67, page 2) rather than to soft 
tissue of 63 kg.  This accounts for the 10% difference.  The whole body mass includes 
skeletal mass which is not appropriate for inclusion in the tritium dose calculation. 
 
The Guidance recommends use of the higher dose coefficients for HTO, HT and OBT, 
which is conservative relative to ICRP. 
 
I4.2.2 Carbon-14 Gas (CO2)  
 
The adult inhalation dose coefficient given in ICRP-71 (1996a) was based on the retention 
function in ICRP-30, Part 3 (ICRP, 1979-1981), which assumes 1% long-term retention with 
a biological half-time of 40 days (the mean turn-over half-time of total body carbon in 
humans).  This was based on studies in laboratory animals.  
 
In the mid 1980s, Ontario Hydro conducted a study of 14C retention and excretion using 
volunteers (Whillans and Johnson, 1985) and concluded that the long-term retention should 
be 2% rather than 1% assumed by the ICRP.   
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This increased retention fraction has been approved by the AECB (now the CNSC) for 
Ontario Hydro's internal dosimetry program for workers.  This Guidance adopts the 2% 
retention fraction.  Inhalation dose coefficients given in ICRP-71 (1996a) for all age groups 
are increased by a factor of 2, as given in Table I7 below:  
 
 
 

Table I7:   Age-Dependent Inhalation Dose Coefficients for Carbon-14 (CO2) 
  

Age Group Dose Coefficients (Sv · Bq-1) 
 

3 months 
 

3.8 x 10-11 
1 year 3.8 x 10-11 
5 year 2.2 x 10-11 

10 year 1.8 x 10-11 
15 years 1.3 x 10-11 

Adult 1.2 x 10-11 
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APPENDIX J:   PROBABILISTIC PATHWAYS ANALYSIS 

J1.0 Guidance on Probabilistic Pathways Analysis 

Probabilistic approaches to pathways analysis permit statements to be made about the 
likelihood that critical group members of specified age will receive a specified annual 
radiation dose as a result of radionuclide release from a specified nuclear facility.  In the 
context of DRL calculation, probabilistic approaches also permit statements to be made 
about the likelihood of a specified annual radiation dose per Bq/s (annual average release) 
of a particular radionuclide released to water or air.  Likelihood statements of the latter type 
are based upon an estimated probability density function (pdf) for radiation dose per Bq/s 
released.  This pdf or “distribution” is the result of a probabilistic pathways analysis. An 
agreed upper percentile of this distribution can be used to compute a DRL with a known 
degree of conservatism. 

The following guidance on probabilistic analysis begins with a basic discussion of types of 
uncertainty, and subsequently addresses the selection of pathways parameters to be 
considered uncertain in the analysis, characterization of distributions for these parameters, 
and the mechanics of probabilistic analysis using these distributions.  Finally, the use of the 
probabilistic result to compute a DRL is discussed. 

J2.0 Types of Uncertainty 

Three types of uncertainty can be recognized (IAEA, 1989; U.S. EPA, 1997b):  scenario 
uncertainty, model uncertainty and parameter uncertainty.  Each of these types is briefly 
discussed below. 

Scenario uncertainty includes any lack of clarity in various aspects of problem definition 
such as the nature of the radionuclide release, the radionuclide transport and exposure 
processes to be represented, and the temporal and spatial scale of the analysis.  Generally, 
these aspects are defined in the main body of the manual, or are site-specific (e.g., spatial 
locations of critical groups relative to the release).  The temporal and spatial scale of data 
collection for characterization of parameter distributions (see below) should be appropriate 
to the defined scenario insofar as possible.  Scenario uncertainty is small for DRL 
calculations and does not need to be accounted for. 

Model uncertainty includes any questions as to whether the pathways model structure 
accurately depicts the site-relevant radionuclide transport and exposure processes.  Most 
models are somewhat simplified as compared to real-world transport and exposure 
mechanisms.  Model uncertainty should be accounted for where it is large compared with 
parameter uncertainty. 

Parameter uncertainty includes the possibility of sampling or analytical bias, or other 
systematic errors in the parameter values input to the model.  Some authors include true 
variability or random error in parameter values as a component of parameter uncertainty, 
while others refer to this component specifically as parameter variability.   
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Regardless of terminology, the analysis of variability should be kept as separate as possible 
from other types of uncertainty (Hoffman and Hammands, 1992).  In practical terms, we 
strive to fairly represent the natural variability in parameter values that exists within the 
exposure area of interest, and to exclude any data variability that may be related to use of 
different sampling or analysis methods, or sampling in quite different areas.  In contrast to 
other types of uncertainty, parameter variability does not represent a lack of knowledge, 
and is generally not reducible by further study.  There may be uncertainty about the degree 
of variability in a parameter, and this uncertainty can be reduced by studies that are 
designed to better characterize parameter variability. 

Parameter uncertainty is the main source of uncertainty in DRL calculations and should be 
addressed in the probabilistic analysis, which integrates uncertainty across all the 
distributed parameters to indicate the associated uncertainty in the model prediction, i.e., 
dose per Bq/s released. 

J3.0 Selection of Uncertain Parameters 

Sensitivity analysis is usually performed in order to identify the model parameters that have 
the greatest influence on the model prediction (IAEA, 1989; Burmaster and Anderson, 
1994; NCRP, 1996b; U.S. EPA, 1997b).  These parameters are the most important ones to 
characterize in terms of their variability. 

In sensitivity analysis, the deterministic model is run many times, each time perturbing one 
parameter away from its central value.  IAEA (1989) recommends perturbation over the full 
range of each parameter, if approximate ranges are known.  Otherwise, perturbation can be 
by a fixed factor, e.g., 2 times and 0.5 times the central value.  Sensitivity results can be 
expressed as change in model prediction per change in parameter value, e.g., 3x prediction 
per 2x parameter.  Perturbations should not be outside the plausible range for any 
parameter. The parameters with the largest “ratio of change” are those that are most 
important to the model prediction.  Alternatively, if preliminary estimates of the distributions 
are available, these can be used to perform a preliminary probabilistic analysis, for the 
purpose of exploring model sensitivities.  In this “global” sensitivity analysis, the model 
output variable(s) (e.g., dose per unit release) are correlated with the input variables, as 
selected at each iteration, and partial correlation coefficients are reported.  The output 
variable is considered to be most sensitive to the input parameters with which it is most 
highly correlated. 

Default distributions have been defined throughout this document for the pathways model 
parameters that are considered most likely to be important.  However, parameter 
importance can vary from site to site.  As a general rule, parameters that produce a “ratio of 
change” less than 0.1 can be considered of minor importance, and can either be treated as 
constants or assigned approximate distributions with minimal effort (IAEA, 1989). 

A sensitivity analysis should be performed for the pathways analysis at each site, so that 
important model parameters can be identified.  Once they are identified, particular attention 
should be given to characterization of distributions for these parameters. 
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J4.0 Uncertainty Analysis 

J4.1 Characterizing Input Parameter Distributions 

As noted above, default distributions have been defined for parameters that are likely to be 
important.  However, there may be a need to re-characterize parameter distributions on a 
more site-specific basis, or to characterize the distributions of other parameters that are 
found to be important.  Distributions should be defined only for parameters that are 
expected to be variable, and not to provide a confidence interval for parameters that are 
constant.  If there are issues of confidence in important model constructs or constants, the 
U.S. EPA (1997b) recommends a separate evaluation to explore the effects of these 
constructs or constants on the outcome of the analysis. 

The first step in characterizing a parameter distribution is to define the spatial and/or 
temporal domain of interest.  For example, fish BAFs can be collected from the world 
literature, representing a wide variety of fish species and water/sediment conditions; or they 
can be collected for Great Lakes species eaten by regional fishermen, and exposed to 
Great Lakes water/sediment conditions; or they can be collected for a single fish species 
near a particular site, if sufficient data are available.  The domain can have a strong effect 
on the distribution of BAFs that emerges, and it must be clearly defined. 

Certain technical aspects of the domain should also be defined.  For example, fish BAFs in 
the literature can be computed from dry or wet weight concentrations in fish, from fillets 
(with or without skin) or whole fish, and from total or dissolved concentrations in water. Data 
of mixed type will be more broadly distributed and should generally be avoided. 

Once the data are assembled, a variety of statistical programs are available for 
characterizing their distribution.  For example, the data may be consistent with normal, log 
normal, or other distributions.  Crystal BallTM will report which distribution types fit, and the 
best fit parameters for each of these distributions, e.g., mean and standard deviation  for 
the normal distribution, geometric mean, and geometric standard deviation for the log 
normal. 

There may be a paucity of data for the parameters of many radionuclides (e.g., BAF, Kd).  In 
these situations, many alternate distribution types will fit.  However, for a given model 
parameter, if the radionuclides with the best database point to the same type of distribution, 
this type may be assumed for other radionuclides with a small database.  Likewise, it takes 
a reasonably large database (30 to 50 values) to estimate the moments of the distribution 
with confidence.  It is reasonable to use a generic coefficient of variation (for the normal) or 
a generic geometric standard deviation (for the log normal), based on the radionuclides with 
large data sets, to characterize the spread of the distribution for radionuclides that have a 
small database.  More detailed guidance for setting parameter distributions can be found in 
BIOMOVS II (1993) and Stephens et al. (1989). 
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There are many judgments to be made in defining parameter distributions.  Collaborations 
involving experts on each parameter are recommended whenever distributions are 
constructed. 

J4.2 Analytical Methods of Propagating Uncertainty 

For simple model equations, the uncertainty can be propagated analytically (IAEA, 1989). 
For example, if Y is predicted as: 

 Y = A + B + C 

then the variance of Y (S2
y) can be estimated as: 

 S2
y = S2

A + S2
B + S2

C + 2ρAB SAB + 2ρBC SBC + 2ρAC SAC 

where: ρAB = the correlation of variables A and B, and 
 SAB  = the covariance of variables A and B. 

Similarly, if Y is predicted multiplicatively as: 

 Y  = A x B x C 

then: lnY = lnA + lnB + lnC 

and the same variance propagation described above can be applied to the natural log 
variables. 

The analytical propagation of mean and variance does not capture the shape of the 
distribution of the predicted value (IAEA, 1989).  Moreover, in a complex model, the 
propagation process can be rather tedious.  The method may be useful in simple situations. 

J4.3 Numerical Methods of Propagating Uncertainty 

Analytical methods for propagating uncertainties exist (IAEA, 1989) but are not practical for 
a model as complex as that described here.  Numerical methods involve repeated sampling 
of input parameter values from their defined distributions.  After each sampling, with the set 
of selected parameter values in hand, the deterministic model calculation is performed to 
produce a predicted value, i.e., dose per Bq/s release.  The sampling and calculation 
process is repeated many times, e.g., 1,000 to 10,000 times, to produce a collection of 
single value results.  Collectively, these results have a distribution around some central 
value, typically with more results near the centre than in the tails.  This distribution contains 
all the information about likelihood of a particular dose being received per Bq/s released. 

The numerical methods are often referred to as Monte Carlo analysis.  There are two 
distinct numerical methods, involving different sampling procedures - simple random 
sampling and Latin Hypercube sampling.   
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Both can be performed with ease, using simple spreadsheet software such as Crystal 
BallTM.  Textbooks such as Morgan and Henrion (1990) describe the methodological details. 

J4.3.1 Simple Random Sampling 

In simple random sampling, with each sampling episode, a value is selected at random 
from anywhere in the input parameter distribution.  Values near the centre of the distribution 
(if it has a central tendency) are more likely to be selected than values in the tails. 

If all the input parameters are independent of each other, i.e., if no correlations exist, then 
the selection process is constrained only by the distributions.  If two input parameters are 
correlated, then a joint probability distribution defines the likelihood of any selected pair of 
values, and pairing is restricted according to this likelihood.  Correlations are easily 
specified as sampling constraints within most Monte Carlo software programs.  However, 
there are often uncertainties about their magnitudes, as discussed in Section J4.5. 

J4.3.2 Latin Hypercube Sampling 

This method involves a stratified random sampling scheme.  Each input parameter 
distribution is partitioned into a number of intervals across the parameter range.  With each 
sampling episode, a value is randomly selected from each interval, rather than from 
anywhere in the parameter range.  This ensures better coverage of the distribution with less 
sampling effort, i.e., the sampling is more efficient than simple random sampling.  However, 
values are chosen in such a way that the distribution formed after many sampling episodes 
is the same as that produced by simple random sampling. 

As with simple random sampling, if all the input distributions are independent of each other, 
i.e., if no correlations exist, then the selection process is constrained only by the 
distribution. However, if two input parameters are correlated, there are additional 
constraints on pairing, according to the joint probability distribution. 

The main advantage of Latin Hypercube sampling is its efficiency.  In other words, there is 
more rapid convergence to the final form of the output distribution.  For simple scenarios, 
time to convergence is not a critical issue.  However, for more complex scenarios, sampling 
efficiency may become increasingly important. 

J4.4 Demonstration of Numerical Stability 

As the number of iterations increases, the output distribution, i.e., dose per Bq/s release, 
will converge to its final form.  The number of iterations needed to achieve this stability can 
depend upon model structure, the forms of the input distributions and the statistical 
sampling method (above).  However, the stability of the output distribution can be 
demonstrated by showing essentially no change in the output distribution with a substantial 
increase in the number of iterations (U.S. EPA, 1997b). 
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The tails of the output distribution are slower to stabilize than the central portion.  The tails 
are often of particular importance in regulatory applications, such as DRL calculation.  
Thus, 10,000 or more iterations may be needed to achieve tail stability.  As a rule of thumb, 
stability can be considered to be achieved when the value of the 95th percentile changes no 
more than 5% over the course of 1,000 iterations. 

J4.5 Uncertainties about Correlations and/or Distributions 

When all input parameter distributions are known from site-specific monitoring, statistical 
analysis of the data can be performed to identify the correlation structure.  However, for 
many parameters, distributions are typically taken from other studies or literature review.  In 
these cases, correlations can only be surmised when they are believed to be important, or 
ignored when they are believed to be small or non-existent.  Correlations assigned in this 
manner must be consistent.  For example, if parameters P1 and P2, and P2 and P3, both 
have strong positive correlations, then P1 and P3 should also be positively correlated (IAEA, 
1989).  Assigned correlation structures should be checked for feasibility (the matrix of 
correlation coefficients should be positive definite).  Some Monte Carlo software programs 
(e.g., Crystal BallTM) perform a feasibility check before beginning the calculations. 

Where there is large uncertainty about correlations assumed between parameters, 
particularly parameters that have a strong influence on the model prediction, the U.S. EPA 
(1997b) recommends repeating the probabilistic analysis with a range of different (but 
plausible) correlation assumptions, i.e., a post-hoc sensitivity analysis.  The tails of the 
output distribution can be particularly sensitive to correlation structure. 

The result of such post-hoc sensitivity analysis will be a family of output distributions of 
dose per unit release.  If they are very different from each other, this reflects our lack of 
knowledge about correlation structure, and points to a need to obtain better information 
about correlations.  On the other hand, if they are similar, the most conservative one can be 
used as a basis for DRL calculation. 

Similar advice is appropriate where there is large uncertainty about the form of the 
distribution (type or spread) for an important input parameter.  The U.S. EPA (1997a) notes 
that such uncertainty should be addressed either qualitatively (flagging the distributions in 
question and describing the range of alternative forms) or quantitatively (repeating the 
probabilistic analysis with a range of alternative distributions).  The latter approach can be 
tedious if there is large uncertainty about the distributions of most parameters. 

An alternative approach, where there is large uncertainty about correlations and/or 
distributions, is to use Dependency Bounds Analysis (DBA) (Williamson and Downs, 1990; 
Ferson and Long, 1994).  While it is not widely used, this numerical method can propagate 
uncertainty based only on knowledge of the bounds (upper and lower limits) of the 
correlations or distributions.  Again, this approach defines a family of output distributions. 
Either the upper bound can be used as a basis for DRL calculation, or better information 
can be obtained to reduce the uncertainty. 
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J5.0 Computation of a DRL Based on Probabilistic Analysis 

The result of a probabilistic pathways analysis is a distribution indicating the likelihood of 
different values of annual radiation dose per Bq/s release.  An upper percentile, e.g., 95th 
percentile, of this distribution will be used to compute a DRL as follows: 

 DRL (Bq/s) = Dose Limit (Sv/a) 
     (Sv/a per Bq/s).95 

Using the 95th percentile, and assuming that input distributions represent true parameter 
variability, this calculation produces a DRL that is expected to be protective of 95% of the 
individuals in the specified age class of the critical group.  On the other hand, if the input 
distributions represent confidence that an invariable parameter has a given value, then the 
calculation gives a DRL such that we are 95% confident that the critical group as a whole 
will be protected.  These interpretations are quite different, which highlights the importance 
of being clear and consistent as to what the input distributions represent.  It is 
recommended that distributions be defined to represent true parameter variability. 

Many jurisdictions (e.g., U.S. EPA, 1989) have identified the 95th percentile dose estimate 
as a “reasonable maximum exposure” on which to judge the acceptability of site conditions.  
It is recommended here that the 95th percentile of dose rate per unit release should be 
used for DRL calculation.  The CNSC has endorsed this approach. 

The level of conservatism in the deterministic DRL calculated using the default parameter 
values recommended here can be determined from its location in the distribution of DRLs 
from the probabilistic analysis.  Additional deterministic runs can be made with the default 
parameters set more or less conservatively to establish the default values required to 
achieve a given level of conservatism in the deterministic DRL. 

It should be noted that, while most jurisdictions have focused their probabilistic risk 
assessment guidance on the exposure side of the risk equation (e.g., U.S. EPA, 1997b; 
Oregon DEQ, 1997), there is also variability in toxicological or radiological sensitivity among 
individuals.  To allow for this variability, and in some cases for other uncertainties, 
regulatory and advisory agencies such as U.S. EPA and ICRP have defined reference 
doses at rather low levels.  This other conservatism should not be forgotten when 
considering the target degree of conservatism in exposure dose assessments. 
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APPENDIX K: TRANSFER FACTORS FROM MATERNAL INGESTION TO MOTHER’S 
MILK 

 
ICRP Publication 95 recommends new dose coefficients for calculating the dose to the 
nursing infant per unit intake by the mother via ingestion and inhalation (ICRP, 2004).  
These coefficients can be used to derive mother’s milk transfer factors (maternal ingestion 
to milk, Fing and maternal inhalation to milk, Finh).  By analogy to the model for transfer from 
ingestion to animal produce, the dose to the nursing infant from ingestion of mother’s milk is 
given by:  

 Dmilk = If  Cmilk • (DCF)f  (Sv • d-1) [K1] 

where: If  = infant daily intake rate of mother’s milk (L • d-1) 
 Cmilk = activity concentration in mother’s milk (Bq • L-1) 
 (DCF)f = 0-12 month infant ingestion dose coefficient (Sv • Bq-1) 

(Appendix C, Table C2) 

The concentration in mother’s milk is given by: 

 Cmilk = INM-ing • Fing  (Bq • L-1) [K2] 

where: INM-ing  = activity intake rate by the nursing mother (NM) via ingestion 
(Bq • d-1) 

 Fing  = transfer factor, maternal ingestion to milk (d • L-1) 

The dose to the nursing infant from ingestion of mother’s milk can also be given by the 
ICRP 95 model as: 

 Dmilk  = INM-ing • DCFicrp95-ing  (Sv/d) [K3] 

where: DCFicrp95-ing = nursing infant dose coefficient for infant dose per unit maternal 
intake by ingestion (Sv • Bq-1) 

Fing can be related to the dose coefficients using Equations [K1], [K2] and [K3]: 

 Fing  = DCFicrp95-ing / (If • (DCF)f)  [K4] 
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Similarly, for inhalation intakes by the nursing mother, the inhalation transfer factor can be 
related to the dose coefficients by: 

 Finh  = DCFicrp95-inh / (If • (DCF)f)  [K5] 

where: Finh  = transfer factor, maternal inhalation to milk (d • L-1) 
 DCFicrp95-inh = nursing infant dose coefficient for infant dose per unit material 

intake by inhalation (Sv • Bq-1) 

Transfer factors calculated from ICRP 95 nursing infant dose coefficients using Equations 
[K4] and [K5] and a value of If = 0.8 L • d-1 (ICRP, 2004) are listed in Appendix G, 
Table G21. 

 




