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INFCE Working Group 5 - c 

C.1 Environmental and ecological aspects specific of 

Fast Breeder Reactors 

This contribution is a summary of two more detailed reports 

(written in German), covering chapters C.I.3, C.14, C.I.5, 

and C.1.6 (Ref. (1), (2)) 

C.I.3 Low radioactive release during operation as a result 
of reactor concept and of the presence of sodium. 

General remarks: 

In the following the qualitative and quantitative aspects 

of fission products and actinides are d.'scussed in detail. 

Values obtained by measurements and results of model 

calculations are being given. The results of the model 

calculations are always on the safe side because of the 

underlying conservative assumptions. 

Most of the data associated with the FBR are results of 

model calculations. The LMR release data are essentially based 

on measured operational releases from German power plants. 

While measured values (LWR) are mostly brought about only 

by the effect of a fraction of the release mechanisms 

(defective rods) to be considered in the model, all 

possible release mechanisms of the model are taken into 

account in the case of the FBR. 

1. Because of the FBR's higher thermal efficiency the inventory 

of the important short-lived fission products in the 

reactor core per unit of electrical energy produced is 

somewhat lower than that of the LWR. There are some 

nuclides being represented exactly according to the 

relation of the thermal efficiencies. For others, i.e. 

especially the long-lived fission products, this 

relation is valid only in an approximative way. 

2. While the zirkaloy hulls of the LWR do not permit 

tritium (Tfpermeability, the steel hulls of the FBR allow 

the diffusion of a major part of T produced during 
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irradiation into the coolant. Together with sodium tritium 

forms a hydride compound, allowing nearly total cold trap 

removal. Conservative assumptions for the release mechanism 

and model calculations result in about 350 Ci liquid release 

and about 350 Ci gaseous release, the latter via steam generator house 

roof ventilator. A third path is diffusion through the primary 

system components. Prom this path an additional release of 

about 30 Ci/year through the stack is expected. 

3. As to the C-14 release from FBR power plants no significant 

difference*to 1MB. are expected, the mean release being about 

20 Ci/GWe . yr. 

4. The release of noble gases; Operational experience with LfIR plants 

shows that for the main nuclides ' Kr 85 and Xe 133 annual re

lease rates of about 1,200 CifKr 85)and 3,500 CifXe 137)are reached. 

Operational experience with the French prototype reactor Phenix 

shows that FBR releases may be much lower. Even if the FBR plant 

is run with 1 t defective fuel pins, the noble gas releases -

especially the Xe 133 release - are below the LWR noble gas re

leases, when an internal cover gas purification circuit is in 

operation. 

5. iodine; The xelease of iodine 131 as the main isotope from LMR 

is in.accordance with measurement sufficiently below the 90 mrem dose 

limit, the so-called gras-cow-milk-child-path presumed. It is also 

low enough to meet the 1977 revised dose factors for iodine iso

topes. The release from FBR is expected to be even lower; The 

iodine produced by defective fuel elements (pins) forms 

sodium-iodide with the coolant which is removed by cold traps. Only 

a small amount can reach the cover gas plenum from where it may 

be released via leakages into the atmosphere. The iodine reaching 

the purification system with the argon gas stream will be almost 

completely retained there. 

6. Other fission products, mainly strontium, ruthenium, caesium and 

corrosion products are released into the atmosphere in negligible 

amounts both by LWRs and FBRs. The radioactive effluents into water 

are comparable, too, reaching about 1 Ci/GWe . yr. 

1) Phenix in 1976? 10,8 Ci/year 
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7. Assuming that operation experience gained with KNK is an 

adequate basis for extrapolation to large FBRs, it can be ex

pected that the operating personnel will not undergo a higher 

radiation exposure than would be the case with LNR. 

8. The following statement is valid for chapter C.I.4, too: 

It is not sufficient to discuss the releases of plants alone. 

The releases provide only the basis for the calculation of ra

diation exposure. The dose rate of various organs of the human 

body has to be calculated taking into account all ecological 

paths and the tolerable internationally settled dose limits which 
are different for the different organs. 

Main result: 

The most important gaseous release exposure path for the LWR is 

the iodine ingestion path (grass-cow-milk-child-path), by which 

the radiation exposure of the thyroid is caused. The ingestion 

path is of minor importance for the FBR, because the retention 

of solids and volotile solids (A Cs) is much better in the 

sodium system than in the cooling circuit of the LWR. The liquid 

release data of LWR and PBR do not differ essentially so that the 

exposure caused by liquid effluents is comparable. 

Exposures of different organs for FBRs and LWRs (mrem/year) 

type of bone 

reactor 

A. Release into 

LWR 0,08 

FBR 0,08 

B. Release into 

LWR 0,1 

FBR 0,1 

liver 

atmoshere 

0,05 

0,06 

water 

0,01 

0,01 

body 

0,04 

0,06 

0,02 

0,01 

thyroid'' 

0,29 

0,10 

0,03 

0,03 

kidney 

0,05 

0,06 

0,01 

0,01 

lungs 

0,06 

0,06 

0,01 

0,01 

gastro - skin 
intestinal 
duct 

0,05 

0,06 

0,01 

0,01 

0,07 

0,08 

0,02 

0,01 

1) critical organ 
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C.1.4. Fabrication and Reprocessing Plants Effluents as a 

Comparison with ThexaaX-Fuel Cycle 

A. Reprocessing 

In \he following a cooling time of the spent fuel until reprocessing 

of 365 days has been assumed. 

1. Tritium; Three streams of T-activity in a LWR reprocessing 

plant are of interest: 

- One part of T coming from mechanical chopping is emitted 

with waste gas through the chimney. 

- After purification, concentration, and separation of 

HLH the condensate contains about 2/3 of the total T 

content and after elimination of nitric acid is re

leased to the main outfall together with T. 

- A small amount of tritium is retained in the HLW. 

Summary of T-releases and content, respectively, in 

^"Ci/GWe . yr_7: 

LWR PBR* 

atmosphere 4 000 4 700 

aqueous effluents 10 000 12 000 

-BLW 2 000 2 000 

Conservative assumption: no diffusion of T through hulls during 

operation 

2. C-14: Starting with a specific C-14 amount of 1 Ci/tHM 

for LWR and PBR reprocessing results in 22 Ci/GWe . yr 

(LWR) and 17 Ci/GWe . yr (PBR). 

3. Noble gases: The long-lived Xr 85 plays a dominant part 

in the emission of nobel gas from the reprocessing plant. 

Specific Kr 85 activities of spent fuel are 

LWR: 250 COO Ci/GWe . yr 

PBR: 150 000 " 

Making use of low temperatures rectification a 
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retention of 95 % can be expected in industrial 
plants . 

Iodine: In reprocessing plants long-l ived iodine 129 
i s of major i n t e r e s t . 

Specif ic a c t i v i t i e s are: 
approx. 0,9 Ci/GWe . yr (LMR) 

0,7 " (PBR) 

Iodine retention factors of industrial plants are 
about 102 . 

Strontiuw, Ruthen, Caesim und Cer: For these radionuclides a s *̂ _ 
retention factor of 10 has been chosen, which corresponds to the 
current air cleaning technology. The effluents in Ci/GWe-yr 
are: 

LUR FBR 

Sr-90 

Ru-106 

Cs-134 

Cs-137 

Ce-144 

0.02 

0.07 

0.04 

0.02 

0.11 

O.01 

0.12 

O.0O4 

O.02 

0.09 
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6. Actinides: For the actinides again a conservative retention 

factor of 108 is assumed. The corresponding effluents in 

Ci/GUe-yr are: 

Pu-238 

Pu-239 

Pu-240 

Pu-241 

Am-241 

Cm-242 

Cm-244 

LUR 

7.7-104 

7.7-10"5 

1.1-10"4 

2.3-Mf2 

6.110"5 

1.7-10~3 

6. M O " 4 

Resulting dose-rates from the above emissions: 

The organ-specific dose-rate calculations were done for model-reprocessing-

plants (RPP), which have been standardized to a reprocessing capacity 

of spent fuel for 65 GNe installed. This means a spent fuel throughput 

of 1400 t HM/yr for the PUR- and of 1200 t HM/yr for the FBR-plant. 

Fig. 1 shows the dose rates for bone and whole body as a function of the 

distance from the reactor-specific reprocessing plants. The impacts 

have been represented in the main wind direction up to 10 km distance, 

which is the west-east direction for the model location considered. The 

bone Impact as a function of the distance from the source of emission 

shows more favorable values for the FBR facility up to distances of 

about 1000 m and less favorable values for even greater distances, both 

compared with the PHR facility. The bone Impact from the LUR facility 

results mainly from carbon-14 and strontium-90 Ingestion, whilst that of 

the FBR facility 1s due to Inhalation of plutonlum aerosols. These 

different exposure pathways an characterized by different Impact plots. 

FBR 

1.5-10* 

6.110" 

7.710" 

9.4-10 

6.1 10" 

3.710" 

3.110" 

-2 
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As to the whole body impact the FBR reprocessing plant gives lower 

values than the LUR facility over the whole distance under consideration. 

The difference decreases with increasing distance from the source. The 

higher strontiin-90 and caesium-134 emissions froa thenul reactors thus 

yield a greater radiological effect for the whole body than the plutoniun 

missions froa the FBR facility. More favourable plots for the FBR as 

compared to other reactor types are obtained also for the thyroid and the 

skin which is due to the lower iodine-129 and krypton-85 emissions. Besides 

for the bone impact already dealt with, less favourable values in case 

of the FBR reprocessing plants are obtained also with respect to the 

impact on the lungs, kidneys and the gastro-intestinal tract. The higher 

impact on the gastro-intestinal tract is caused almost exclusively by 

ingestion of the ruthenium-106 nuclide. In all cases the ingestion and 

inhalation pathways yield the relatively highest impact values. By 

contrast, the values of y-subaersion and of Y-soil radiation Are almost 

negligeable (Table 1 und 2). 

The minor differences shown to exist between the LUR and FBR reprocessing 

plants are caused by the higher plutonium emissions of the FBR as compared 

with the LUR. The effect of this higher plutonium emissions 1s compensated 

by the higher strontiua-90 emission of the LUR plant, at least as regards 

the impact on bone. However, the calculations only show that this 

compensating effect occurs during a service life of the facilities of 

about 50 years.These figures show that in the case of plutonium there is 

the problem of the long-term aspect which has to be considered and which 

calls for investigations into long-term enrichment of plutonium on a 

regional and global basis. Previous though wry general estimates 

Indicate that in case 1f dispersion over large areas a global radiation 

impact problem does not even arise in the long run. 
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B. Fabrication: 

1. Pu effluent factors 

atmosphere 

aqueous effluents 

2. Am - 241 effluents 

LWR 

10-n 

io-i° 

FBR 

10-12 

10-n 

LWR FBR 

atmosphere effluents 4.10 10 
—3 —3 

aqueous effluents 2.10 6.10 

3. Release of actinides from fabrication plants into 

the atmosphere and into waste water 

Fabrication 
LWR LWR rec FBR 

Uranium 32 28 7 

Pu K ) - 0,2 0,37 

Pu (B) - 5,7 10 

Am W 

Cm (dJ - - -

2, (*) 32 28,2 7,4 
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C.1.5 Problems connected with radioactive wastes produced 

by a FBR fuel cycle, effect of fuel composition and 

irradiation conditions on waste characteristics 

The problems connected with radioactive wastes are discussed by 

- giving the amounts of waste 

- comparing the radioactive inventory of spent fuel for different 

cooling times and 

- comparing the Hazard Measures decreasing with the long term cool

ing time 

1. Amounts of waste related to GWe - yr 

Composition/activity MR 
3 m radioisotope 

GHe.yr 
re radioisotope 

GHe.yr 

rot Purex-reprccessing 

m radioisotope 

GHe.yr 

Solid waste UN 

MLW 

Liquid waste LLW 

MUf 

sol idif ied/ HIM 
vitrified 
waste in 
steel 
cylinders 

80 *Cb* 5 < 5 a Fe 

5 iCr 5 4 m 

100 22Na "CD 

55'5!WMCr 

80 

20 fission products 

(2 3 7C;9*^**) 

160 

40 

50 fission pr. 
trans-U. 

70 

30 

120 

150 

100 

1-5 

11 of fission 
product 

991 of fission 
productsr 
100% of Am 
and On 
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Radioactive inventory of spent fuel in (Ci/GWe/yr) for 

different cooling tines 

a) LHR 

after 
riisloarl 

150 

(Transport) 

200 (reprocessing) 365 

1.03 x 10 

9 .0 x 104 

4.28 x 1CT 

5.17 x 10" 

6.11 x 10 ! 

2.49 x 10* 

3.10 x 10* 

1.06 x iO 

8 

8 

before 
separation 

8.23 x 107 

9 . 0 x 104 

4 .28 x 103 

4.23 x 105 

5.19 x 105 

2.47 x 106 

2 .98 x 106 

8.53 x 107 

after 
separation 

8.86 x 10 

8.86 x 10s 

2.43 x 10* 

2.52 x 10* 

2.52 x 10* 

8.86 x 1CT 

1.8 x 103 

9.05 x 10* 

2 .38 x 106 

2 .47 x 10 6 

2.47 x 106 

b) LWR r e c y c l e (Pu only recyc led two t i n e s ) 

Pu U ) 
Am U) 
Cm U ) 

1 ( ) 
Pu (8) 
Sactinides 

fp + artinides 

c) PBR 

2 fission products 

Pu R ) 

Am U) 

Cm (*) 

Z (*> 
Pu (8) 

2 a c t i n i d e s 

2. fission 

1.74 x 10" 

1.74 x 10^ 

4.58 x 10* 

4.77 x 10* 

5.88 x 10* 

1.06 x 10' 

1,14 X 10 8 

1.1 

3 .0 x 10 

x 10 
5 

8 

4.45 x 10* 

9.6 x 105 

1.3 x 106 

9.37 x 10* 

1.07 x 10' 

1.25 x 10 8 

1.78 x 10J 

1.9 x 104 

3.92 x 106 

4.11 x 106 

5.83 x 106 

9.94 x 106 

9.22 X 107 

8.36 x 107 

3.0 x 105 

4.68 x 104 

6.57 x 105 

1.0 x 106 

9.27 x 106 

1.03 x 107 

9.39 x 107 

1.75 x 

-

-

1.75 x 

5.74 x 

5.92 x 

5,92 X 

^ 

2.95 x 

-

-

2.95 x 

9.14 x 

9.44 x 

9.44 x 

10 

10 

10' 

10' 

10' 

101 

10] 

10( 

10( 

10( 

6 * 

1.74 x 10" 

4 .40 X 10-

1.78 x 10" 

5.62 x 10* 

5.80 x 10* 

5,80 X 10* 

2.94 x 10" 
6 .50 x 10' 

3.01 x 10-

8.95 x 10* 

9.25 x 10* 

9.25 x 10* 

products + actinides 

* As the a c t i n i d e s inventory i s sma l l , the separation of Cm and Am be
comes more d i s t i n c t . 
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Hazard Measure decreasing with the long term cooling time 

As already demonstrated the radioactive inventory of spent fuel 

for different cooling times shows specific differences, which 

do not allow to draw any conclusions with regard 'to*' the 

ecological effect. The ecological impact of spent fuel is to be 

quantified as follows. One of the generally adapted measures is 

the "Hazard Measure" (HM). The HM is defined as the amount of 

water needed to reduce the nuclide concentration in drinking water 

to the maximum admissible level. 

In the following FIG. 2 the HM of HLW for ingestion is compared 

for LWR (recycle and once-through) and FBR. 

It was assumed that 1 % of the Pu and U fraction goes into the 

-waste. 

The main result of this comparison is that the HM reaches its 

peak at the moment of disload of the fuel. During the first 500 

years the fission products are predominant. After a certain time the 

hazard measure of the fresh uranium input of LWR fuel will be 

reached: 

The uranium ore level is reached in 

- LWR recycle after about 500 years 

- LWR one* through after about 20,000 years 

- FBR after about 1,000 years 

The difference is based on the different levels of actinide 

concentration, i.e. Plutonium and americium. In principle, it 

seemes to be feasible to separate or eliminate part of the actinides, 

but in the case of the LWR with recycle and the FBR the HM are 

comparable and seem to be tolerable in the same way. 
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C.1.6 Thermal pollution and radioactive effluents of a FBR 

power plant versus fossil fuel and LWRs 

Because of their comparable thermal eff iciency the thermal 

pollution of a fossil power plant and FBR are in the same 

order, while the pollution of a LWR is about 25 % higher, 

according to the reduced efficiency. 

For all relevant "organs", viz. bone, body, and kidney, except 

for the thyroid, the emissions of fossil power plants (coal) 

result in a higher radioactive exposure. Dependen't on different 

organs and chimney heights (100 or 200 m) ti.e radioactive 

dose emitted by coal power plants is 2 to 10 tiroes higher than 

that of nuclear power plants. Only the thyroid exposure is 

insignificantly higher in the esse of nuclear power plants 

as compared to coal power plants. 

The main exposure path is ingestion in any case. For coal 

power plants the relative part of this path is slightly 

higher. 
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INGESTION HAZARD MEASURE 

(m3 water to reach drinking* rfater quality) 

_Oranl.ua or* for lint 

•—LWK oneo-thron9h 

1CU 1 0 ' 10' 10 J 10* . 1<T 10' 

Cooling Time (years) 

INGESTION HAZARD MEASURE for HLH 

related to GWe . year 

FIG. 2 

http://_Oranl.ua

