
Here is a partial list of radioactive contaminants inside a used steam generator from one of the 
Bruce reactors.  The amount of radioactivity is expressed in becquerels per cubic metre;  
one becquerel corresponds to one radioactive disintegration every second. (Source: OPG) 
http://www.nwmo.ca/uploads_managed/MediaFiles/539_ReferenceLowandIntermediateWasteInventoryfortheDGR.pdf (p. 50) 
 

       For Scientists / Engineers         For Citizens / Decision Makers 
Symbol    Half-Life Amount Name Half-Life Amount 
       (y)            (Bq/m3)                 (years)    (becquerels per cubic metre) 
Ag 108 1.3E+02 2.3E+02 Silver-108 130 y 230  
Am-241  4.3E+02 5.9E+07 Americium-241 430 y 59 000 000 
Am-243  7.4E+03  3.8E+04 Americium-243 7 400 y 38 000 
C-14  5.7E+03  7.6E+07 Carbon-14 5 700 y 76 000 000 
Cl-36  3.0E+05  1.4E+04 Chlorine-36 300 000 y 14 000 
Cm-244  1.8E+01  1.4E+07 Curium-244 18 y 14 000 000 
Co-60  5.3E+00  1.2E+09 Cobalt-60 5.3 y 1 200 000 000 
Cs-134  2.1E+00  1.9E+06 Cesium-134 2.1 y 1 900 000 
Cs-135  2.3E+06  2.2E+01 Cesium-135 2 300 000 y 22 
Cs-137  3.0E+01  2.2E+07 Cesium-137 30 y 22 000 000 
Eu-152  1.3E+01 1.8E+06 Europium-152 13 y 1 800 000 
Eu-154  8.8E+00  1.6E+07 Europium-154 8.8 y 16 000 000 
Eu-155  5.0E+00  3.0E+07 Europium-155 5 y 30 000 000 
Fe-55  2.7E+00 5.8E+09 Iron-55 2.7 y 5 800 000 000 
I-129  1.6E+07 6.3E+00 Iodine-129 16 000 000 y 6.3 
Nb-94  2.0E+04  2.9E+05 Niobium-94 20 000 y 290 000 
Ni-59  7.5E+04  2.0E+05 Nickel-59 75 000 y 200 000 
Ni-63  9.6E+01  2.9E+07 Nickel-63 96 y 29 000 000 
Np-237  2.1E+06  1.8E+03 Neptunium-237 2 100 000 y 1 800 
Pu-238  8.8E+01  1.0E+07 Plutonium-238 88 y 10 000 000 
Pu-239  2.4E+04  1.2E+07 Plutonium-239 24 000 y 12 000 000 
Pu-240  6.5E+03  1.7E+07 Plutonium-240 6 500 y 17 000 000 
Pu-241  1.4E+01  5.5E+08 Plutonium-241 14 y 550 000 000 
Pu-242  3.8E+05  1.7E+04 Plutonium-242 380 000 y 17 000 
Ru-106  1.0E+00  8.4E+08 Ruthenium-106 1 y 840 000 000 
Sb-125  2.8E+00  2.1E+07 Antimony-125 2.8 y 21 000 000 
Se-79  1.1E+06  7.6E+01 Selenium-79 1 100 000 y 76 
Sm-151 1 9E+01  7.6E+01 Samarium-151 19 y 76 
Sn-126  2.1E+05 1.2E+02 Tin-126 210 000 y 120 
Sr-90  2.9E+01  1.8E+07 Strontium-90 29 y 18 000 000 
Tc-99  2.1E+05  2.8E+03 Technetium-99 210 000 y 2 800 
U-234  2.5E+05  1.9E+04 Uranium-234 250 000 y 19 000 
U-235  7.0E+08  3.2E+02 Uranium-235 700 000 000 y 320 
U-236  2.3E+07  3.6E+03 Uranium-236 23 000 000 y 24 000 
U-238  4.5E+09  2.4E+04 Uranium-238 4 500 000 000 y 24 000 
Zr-93  1.5E+06  3.8E+02 Zirconium-93 1 500 000 y 380 
 

TOTALS  
   Long half-lives only (> 1 y)  8.7E+09                        Long-lived only ( > 1 y half-life) 8 700 000 000 
   Including short half-lives   1.6E+10                        Including all radionuclides  16 000 000 000 

According to this OPG document (see the last 2 lines), in each cubic metre there are over eight 
BILLION radioactive disintegrations taking place every second if we consider only the long-lived 
radioactive contaminants.  Each disintegration releases an alpha ray, a beta ray, or a gamma 
ray; so there are more than eight billion of these rays emitted every second. That’s more than 
31 trillion rays per hour – over 274 quadrillion (274 000 000 000 000 000) rays per year!   
 

There are five plutonium isotopes found in the steam generators. In each cubic metre there are 
about 39 million alpha rays given off each second from four of these five plutonium isotopes.  
One thousand years in the future, if the steam generators were just stored on-site as radioactive 
waste for that entire period, these plutonium isotopes would still be giving off about 27 million 
alpha particles per second, per cubic metre.  Sixteen steam generators have a combined 
volume of about  1000  cubic metres, so all the numbers above are in fact 1000 times bigger.         

Gordon Edwards, Ph.D. 
[NWMO = Nuclear Waste Management Organization; OPG = Ontario Power Generation] 


