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1. introduction. 

Reprocessing and recycling of fissile materials is the prefered approach to spent fuel 

management in France. However, a number of spent fuel elements from prototype and experimental 

nuclear reactors cannot be reprocessed in the existing industrial facilities, either because such 

facilities are booked to full capacity, or due to technical factors such as non standard nature of fuel or 

limited series of fuel. 

The CEA therefore built a facility in which spent fuel can be stored for a few decades (50 

years), until favourable conditions prevail for its disposal. The main features of this project consist of 

a dry depository, which presents a low cost of operation, against a wet one which is more expensive 

due to the circulation and the continuous controls of the water. Therefore, this is a fair solution 

because the experimental fuels will present a rather low residual heat power after decay in the 

nuclear reactor. At this stage, it becomes possible to cool the fuel elements by a fully passive air 

circulation. This process allows a good efficiency without mechanical équipement and works all the 

better as the amount of herxt to exhaust is great, in the limits of the design. However, we will see that 

this concept may be extended to a depository of standard spent fuel elements. 

This facility, known as "CASCAD" (shortening for CASemate (=vault) CADarache) started up in 

1990, and received its first canister of fuel on May 29 th 1990. 

This paper reviews the basic design data of the facility, outlines the main techniques used for its 

construction, draws the safety concepts and presents the first results determined by a looking-back 

over 4 years of working. 

II Principles and Criteria for Basic Design. 

The flexibility to deposit a whole range of fuel types with various characteristics is a key feature 

of the "CASCAD" design. For example, the storage facility enables the fuel assembly to be retrieved 

during interim depository for reprocessing or final geological disposal : 

- containement by tight-canisters (to accept failed cladding too), 

- stainless steel wells with tightness and non-contamination controls, 
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- a windowless storage cell made in concrete for biological shielding which involves 315 

storage wells, 

- a handling hall with biological shielding in concrete and viewing through a lead-glass 

window and through a video camera. When any nuclear fuel element is in operation, the staff may go 

into this cell which is always clean in regard to an eventual radionuclides contamination, 

- cask or canisters check-in and inspection areas. 

The building in which the facility is housed is 35 meters long, 25 meters wide and 16 meters 

high. It is a concrete structure erected on a ground slab, 2 meters thick, extending 2 meters beyond 

the south and north walls. The main part of the building structure consists of the storage vault with 

wall thickness of 1.25 meter. Stiffness is provided by transverse and axial webs of rod-reinforced 

concrete. The concrete slab between the vault and hall hold up the entire load of the wells including 

fuel elements and is itself supported by the webs, since the need to provide free air circulation 

precludes the use of supporting columns. Then, this slab is subjected to heavy stress due to loading 

by wells and to the temperature prevailing in the vault. 

The "CASCAD" building is designed to receive (at present time), to send (in the future), to 

handle and to prepare casks up to 400 kN prior or next to the transfer of the canisters to or from the 

handling hall. The system comprises a wheeled carnage on rail tracks and supports for securing the 

casks during the motion. Chek-in and check-out for contamination and damaged fuel detection are 

realized in a special room equipped with a nuclear ventilation to get dynamic containment. 

The main item of equipment for canisters transfer is the 50 sN overhead crane installed in the 

handling hall. This crane is equipped with a multi-purpose handling head which can carry a number of 

grip modules. Its electrical supply is controlled automatically from the front zone and this 

programmable unit drives the crane over the wells. The final step of the handling process, the gentle 

driving down inside the pre-determined well, is conducted in a manual mode with the help of a video 

camera. 

Other items are available in the handling hall such as 2 remote handlers or a 50 kN hook. 

The storage vault and the wells (7 meters useful length) are cooled by natural open-

convection : a cold air inlet is provided at the bottom part of the vault, the air heated by contact with 

the wells is discharged through a 42 meters high stack outside the building. A general thermosiphon 

effect is created, which extracts the heat released. This ventilation system is designed for various 

conditions, namely : 

- thermal loading, 

- prevailing winds, 

- atmospheric pressure. 

Each well accepts 600 Watts maximum in thermal power, and consequently, the maximum 

heat ioading of the vault is about 200 kW. In this case, the flow rate of air may reach 19,000 cubic 

meters per hour. 
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Ill Safety Concepts. 

The integrity of the canister, first barrier, is monitored by sampling regularly the internal 

atmosphere of the wells. 

If the contamination control is positive, it is possible to pick up the canister for examination and 

send it in a specialized facility located nearby "CASCAD" for substitution. If the well is not 

contaminated, it may be used again. On the contrary, the well is closed waiting for a decontamination 

operation. 

The stack of air cooling extraction is equipped with a continuous air control device. If the air 

control is positive, a valve avoids a radioactive pollution risk in shutting the stack. In this case, a 

mechanical ventilation insures the exhaust of the heat through HEP A filter battery. The canisters are 

picked up from the well and are put in one of the four safe-keeping wells. Then, the leaky well is shut 

for good. 

Concrete biological shielding takes account of fuel elements irradiated at 45,000 MWd per ton 

and having previously cooled off for five years. The requirements for maximum dose-rate at work 

station settle the value at 25 microSv/hour. 

For these same fuel elements, criticality IPSN codes led to a depository tube lavout in the form 

of a triangular pattern with 800 mm spacing. The absence of distortion in the facility stuctures, in the 

wells and for the canisters, even in case of an earthquake, was demonstrated by calculations using 

approved codes. About this topic, the facility and "its safety-related equipments have been calculated 

through a dynamic structural analysis based on acceleration diagrams selected as the most 

representative following a survey of local earthquake history. Such acceleration diagrams are in 

category IX of the MSK scale which goes from I to XII, for a maximum historically-probable 

earthquake of intensity VIII on the same scale. 

During dry storage, the temperature of the concrete slab between the vault and hall must be 

limited to 100 °C for reasons of mechanical strain. Air ducts for natural convection cooling were 

designed using models and codes developed by the CEA, based on local weather data and on 

possible disturbances in the close environment. Nevertheless, before deciding to build the "CASCAD" 

facility, CEA considered as necessary to confirm the calculation by experimentation. Analysis 

covering heat transfer around a storage well, and the overall heat dissipation process were 

respectively validated using a full scale model of a complete well and a 1/12 scale model of the vault 

and cooling system. 

Now, a large set of measurement points survey, continuously, the variations of the 

temperature of slabs, webs and wells. 

The 50 kN crane and its auxiliary equipments in the handling cell present a high reliability. In 

the event of failure of one of the geared motors or their power supplies, the system is so designed 

that the operation underway can be ended. To that purpose, axial and transverse drives are equipped 

with double and separate motor systems and supplies. Even in case of an earthquake, intensity IX, 

the crane remains available. 
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Each well owns a shock absorber intended to minimize the consequences of the dropping of a 

canister during handling. Full scale tests were done by dropping a 350 kg weight into the well. 

IV Operating Results. 

Today, the "CASCAD" building contains Brennilis EL4 fuels and some varied fuels. The 

Brennilis nuclear reactor fuel was stored in the plant pools as it was unloaded from 1971 through 

1985. It consists in 5300 "clusters" of low-enrichment uranium oxyde rods with zirconium cladding. 

The loading of the storage vault reaches 50 tons shared out on 134 wells, 43% of the total 

physical capacity. 

The natural open-convection exhausts 53 kW, 27% of the maximum heat loading. In regard of 

this ratio, the flow rate and temperature recorded \n the vault in summer and winter are the lot\o\N\nç\ -, 

DATE 

1993, July 07 

(15 h) 

1994, March 15 

(06 h) 

External 

temperature (°C> 

27 

5 

Exhaust 

temperature (°C) 

28 

15 

Flow rate 

(m3/h air) 

1500 

7000 

This cooling system demonstrated its ability to ensure low temperatures and, moreover it works 

with a very important thermal stability. This last point is a real positive effect for the safety study. 

During this loading period, no major difficulty occured concerning the good development of the 

handling flow sheet. However, many little anomalies appeared with the 50 kN crane, especially with 

the remote control-command. Each time, the manual proceeding allowed to end the motions. 

No contamination << 37 Bq.cm"2 in bêta-gamma and < 3.7 Bq.cm"2 in alpha) or excess 

irradiation rate has been detected on the surface of the canisters or inside the casks. The dose-rate 

measured arowd the external walls of the vault, inside the building, is between 5.10"4 and 1.10"^ 

mSy.h"1. Outside the building, this rate decreases to less than 10"5 mSv.fr1. 

The dose-rate for the entire staff (9 persons) is under 20 mSv per year. Per agent, the 

maximum was 5.25 mSv and the minimum 0.35 mSv per year. 

V Conclusion 

Tfie concept of dry storage in a vault cooled by natural convection is a satisfactory answer to 

the problem represented by the depository of spent fuel from prototype nuclear reactors for a period 

of several decades. The depositing of EL4 fuel in the "CASCAD" facility is now proceeded. It provides 

:he IPSN and the CEA group with practical experience of such undertakings : 

- safety, 

- passive coding, 

- simplicity, 

- cost saving working. 
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The flexibility to store a whole range of fuel types with various bum-up levels is a key feature in 

the "CASCAD" design. A lot of studies are underway to demonstrate the feasability of an extension of 

the "CASCAD" concept to PWR fuel elements. For example, the characteristics of a depository 

module for PWR fuels previously stored during 5 years in the pool of the reador are the following ; 

- capacity ~ 1000 fuels assemblies, 

- maximum power released : 1 MW, 

- maximum temperature on the dads : about 340 °C. 

Today most countries are faced with the future of their spent fuels. Interim storage at the end of 

which the choice between reprocessing or "final" disposal remains open is therefore the natural issue. 

A concept Vike "CASCAD" should provide one of the solutions 
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CASCAD enables the fuel assembly to be retrieved 
for reprocessing or the final geological disposal : 
- containment by tight-canisters, 
- stainless steel wells with tightness controls, 
- a windowless storage cell made in concrete, 
- handling hall in concrete and viewing through 
a lead-glass window and through a video camera, 

- cask or canisters check-in and inspection areas. 
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Main safety features 
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non contamination 
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storage vault and wells are cooled 
by natural open convection, 
maximum heat loading of vault : 200 kW, 
continuous monitoring of temperatures 
of slabs, webs and wells. 
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.EXPERIENCE FEEDBACK. 

date 

1993, 
July 07 
(15h) 

external 
temperature 

27°C 

1994, 
March 

• - > 
5°C 

important thermal stability, 
no abnormal contamination detected» 
low dose rate for the staff 
and the environment. 


