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SPECIFICATION 

Dry storage of irradiated nuclear reactor fuel 

5 This invention relates to the dry storage of irradiated 
nuclear reactor fuel and highly active waste. 

When fuel is withdrawn from a nuclear reactor it is 
highly radio-active and is usually stored for a period 
of at least 100 days in a cooling pond; the pond 

10 water serves to contain the radioactivity and to 
absorb the heat energy generated by decay of fission 
products. Pond water cooling is not attractive for 
long term storage of irradiated nuclear fuel, for 
example 50 to 100 years, because corrosion ofthe 

15 fuel cladding can occur and there are difficulties in 
maintaining the pool. An alternative method of 
storing irradiated nuclear fuel and highly active 
waste for the long term is to deposit the fuel or water 
in concrete cells and cool it by circulating air. 

20 Preferably the circulation is effected by a passive 
system so that maintenance and reliability problems 
are minimised. To contain the active contamination 
fully it is advisable to house the nuclear fuel in 
hermetically sealed canisters of stainless or carbon 

25 steel but there is a long term problem in that as the 
decay heat falls away non-active contaminants, such 
as moisture and chloride in the air, cause corrosion 
ofthe canisters and cell structure. 

It is an object ofthe invention to provide a dry 
30 storage cell for irradiated nuclear fuel or highly 

active waste means for inhibiting corrosion ofthe 
canisters. 

According to the invention in a method of storing 
irradiated nuclear reactor fuel or highly active waste 

35 in a storage cell wherein cooling air is flowed by 
natural ventilation through the cell by way of inlet 
and outlet ports in heat exchange with fuel or waste 
containing canisters, a fraction ofthe heat energy 
transferred to the cooling air from the fuel or waste 

40 is recirculated to the air upstream of the fuel or 
waste thereby to raise the temperature of the air flow 
over the canisters to above dew point. By controlling 
the condensation of vapour on the canisters and cell 
structure corrosion is largely avoided and by step-

45 wise throttling of the air inlet an optimum air 
temperature may be maintained over a long storage 
period. The fraction of heat energy may be recircu-
lated by recirculating a fraction ofthe hot airflow 
downstream ofthe canisters to upstream ofthe 

50 canisters. 
Alternatively, the fraction of heat energy may be 

recirculated by a complex of heat conducting pipes 
extending between a hot air outlet duct and a cold air 
inlet duct. The heat conducting pipe complex pro-

55 vides a fully passive recirculation system which is 
operable throughout the full cooling period ofthe 
fuel or waste. 

According to another aspect ofthe invention a 
construction of dry storage cell for storing irradiated 

60 nuclear reactor fuel or highly active waste, compris-
es a complex of upright parallel tubes for containing 
nuclear fuel or waste in canisters, the ends ofthe 
tubes communicating with opposed plenums for 
flowing cooling airthrough the tubes in heat ex-

65 change with the canisters and there is means for 

recirculating a fraction ofthe heat energy transferred 
to the cooling air from the fuel or waste to the air 
upstream of thefuel or waste thereby to raise the 
temperature ofthe airflow overthe canisters to 

70 above dew point. 
Constructional embodiments ofthe invention are 

described, by way of example, with reference to the 
accompanying drawings wherein: 

Figure 7 is a sectional elevation of a pair of typical 
75 dry storage cells for irradiated nuclear fuel, 

Figures 2,3 and 4 are diagrams illustrating 
constructional variations for recirculating a fraction 
of air flow downstream ofthe fuel. 

Figure 5 is a diagram showing a heat energy 
80 recirculation system. 

The construction shown in Figure 1 comprises a 
pair of concrete cells 1 disposed one on each side of 
an air inlet duct 2. The cells 1 exit by way of ducts 3 
to a stack (not shown) so that a natural circulation of 

85 air through the cells is effected. The fuel to be stored 
in each cell is totally enclosed within cylindrical steel 
canisters in an array of 650 vertical steel cooling 
channel tubes 4. The lower ends of the tubes are 
supported on a perforated concrete raft 5 set above 

90 thefloorthe interspace constituting an air inlet 
mixing plenum 6. The upper ends of the tubes 4 are 
located in a grid matrix with an airspace 7 constitut-
ing an outlet plenum between the top ofthe tubes 
and the underside of a slab 8. The fuel containing 

95 canisters are stacked in pairs in the steel channel 
tubes 4. The residual heat from thefuel produces 
natural draught in the annulus between each canis-
ter and tube and the induced convection flow 
removes heat from the canister wall keeping the 

100 enclosed fuel at an acceptable temperature. The air 
streams leaving the canister cooling channels mix in 
the air space 7 above the tubes and are discharged 
by way ofthe ducts 3. 

To inhibit condensation of vapour from the air 
105 stream on the canisters means is provided for 

recirculating a fraction ofthe heat energy transferred 
from the canisters to the cooling air to the air 
upstream ofthe canisters and as shown in Figure 1 
heat energy recycling can be effected by recirculat-

110 ing (as indicated by arrows designated 'A') a fraction 
ofthe hot air flow downstream of the canisters to 
upstream ofthe canisters. 

The discharge stack is designed to operate at a 
temperature of not more than 80°C and there are no 

115 moving parts or special linings, apart from concrete 
surface finishes, in the cell. Temperatures are such 
that the steel tubes are sufficiently heated to prevent 
condensation of moisture from incoming air and so 
avoid conditions which may lead to corrosion. There 

120 is therefore no requirement for maintenance or 
replacement within the cell. Channel cooling tubes 
not filled with containers do not generate airflow 
and therefore do not contribute significantly to the 
heat removal process; the filled tubes are self 

125 regulating. The air inlet and outlet flows are 
arranged to pass through shielded ducts with dog-
leg turns built in to prevent direct radiation 
streaming. 

Figure 2 shows the preferred means for recirculat-
130 ing the fraction of air flow from the outlet air space 7 
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above the tubes to the iniet plenum 6. The air inlet 
comprises an injection nozzle 9 which enters a choke 
formed in the plenum. The cell stack provides 
sufficient natural draughtto overcome its own 

5 friction and the air entry to the cell and to supply the 
kinetic energy ofthe injector nozzle. The tempera-
ture rise over the fuel canisters provides sufficient 
natural draughtto overcome the friction loss ofthe 
air flow over the canisters and the kinetic energy in 

10 the injector nozzle is sufficient to overcome the 
natural draught generated overthe height ofthe 
canisters and therefore recirculates approximately 
50% ofthe outlet cooling air back to the inlet plenum. 
This results in an air inlet temperature to the 

15 canisters sufficiently high to inhibit corrosion. 
Figure 3 shows an alternative injector nozzle 

system for recirculating the fraction of coolant flow. 
The nozzle 11 which enters a choke 12 is powered by 
an external source of compressed air. 

20 Figure 4shows a second alternative system 
wherein hot air is recirculated by circulating fan 13 
disposed within duct 14 connecting the air space 7 
with the inlet plenum 6. 

A dry storage cell for irradiated nuclear fuel having 
25 the injector nozzle recirculating system illustrated by 

Figure 2 has advantage over those having recirculat-
ing systems as illustrated by Figures 3 and 4 in that it 
is completely passive; the alternative constructions 
have passive natural draught cooling but the recircu-

30 lating means are active thereby calling for reliability, 
and provision for redundancy and maintenance of 
plant. 

Figure 5 shows diagrammatically a heat conduct-
ing pipe complex 14 extending between the hot air 

35 stack and the cold air inlet duct 2. The pipes contain a 
liquid such as water or a refrigerant which circulates 
by natural convection to transfer heat energy from 
the outgoing hot air to the incoming cold air so that 
the inlet air is held sufficiently above its dew point 

40 temperature. The resultant stack temperature will be 
lower than it would be by recirculating a fraction of 
the hot airthereby reducing the natural draught but 
this loss of natural draught is compensated by the 
lower flow recirculation energy loss. 

45 As also shown in Figure 5 there can be provided a 
second cold air inlet duct 16 with control valve 17 
arranged for by-passing the heat conducting pipes 
(orfor by-passing the injection nozzle ofthe con-
struction disclosed in the embodiment of Figure 2) 

50 the by-pass serving to reduce the overall tempera-
ture ofthe cooling system in the event of adverse 
conditions, such as an unusually high ambient 
temperature, which would otherwise cause the stack 
temperature to exceed the preferred maximum 

55 design temperature of 80°C. 
A construction employing heat conducting pipes 

has the advantage of less complexity than one using 
injector nozzle or fan circulating means. 

60 CLAIMS 

1. A method of storing irradiated nuclear reactor 
fuel or highly active waste in a storage cell wherein 
cooling air is flowed by natural ventilation through 

65 the cell by way of inlet and outlet parts in heat 

exchange with fuel or waste containing canisters, 
and a fraction ofthe heat energy transferred to the 
cooling air from the fuel or waste is recirculated to 
the air upstream ofthe fuel or waste thereby to raise 

70 the temperature ofthe airflow overthe canisters to 
above dew point. 

2. A method according to claim 1 wherein the 
fraction of heat energy is recirculated by recirculat-
ing a fraction ofthe hot air flow downstream ofthe 

75 canisters to upstream ofthe canisters. 
3. A construction of dry storage cell for storing 

irradiated nuclear reactor fuel or highly active waste, 
the cell comprising a complex of upright parallel 
tubes for containing nuclear fuel or waste in canis-

80 ters,the ends of the tubes communicating with 
opposed plenums for flowing cooling air through the 
tubes in heat exchange with the canisters and 
wherein there is means for recirculating a fraction of 
the heat energy transferred to the cooling air from 

85 the fuel or waste to the air upstream ofthe fuel or 
waste thereby to raise the temperature of the airflow 
overthe canisters to above dew point. 

4. A construction of dry storage cell according to 
claim 3 wherein there is meansfor recirculating a 

90 fraction ofthe airflow downstream ofthe canisters 
to upstream ofthe canisters thereby to recirculate 
the fraction of heat energy. 

5. A construction of dry storage cell according to 
claim 4 wherein the means for recirculating a 

95 fraction ofthe air flow downstream ofthe canisters 
to upstream ofthe canisters comprises an injector 
nozzle arranged so that downstream air is entrained 
by airflow into the cell. 

6. A construction of dry storage cell according to 
100 claim 4 wherein the means for recirculating a 

fraction ofthe airflow downstream ofthe canisters 
to upstream ofthe canisters comprises an injector 
nozzle arranged so that downstream air is entrained 
by compressed airflow from an external source into 

105 the cell. 
7. A construction of dry storage cell according to 

claim 4 wherein the means for recirculating a 
fraction ofthe airflow downstream ofthe canisters 
to upstream ofthe canisters comprises a circulation 

110 fan. 
8. A construction of dry storage cell according to 

claim 3 wherein the means for recirculating a 
fraction ofthe heat energy comprises a complex of 
heat conducting pipes extending between a hot air 

115 outlet duct and a cold air inlet duct ofthe cell. 
9. A construction of dry storage cell according to 

claim 8 wherein there is a second cold air inlet duct 
including flow control means and arranged for 
by-passing the complex of heat conducting pipes 

120 associated with the first cold air inlet duct. 
10. A method of storing irradiated nuclear fuel or 

highly active waste substantially as hereinbefore 
described with reference to Figure 1 and any one of 
Figures 2,3,4 and 5 ofthe accompanying drawings. 

125 11. A construction of dry storage cell substantial-
ly as hereinbefore described with reference to Figure 
1 and any one of Figures 2,3,4 and 5 ofthe 
accompanying drawings. 
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