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Ce texte présente les essais thermohydrauliques du 
prototype de purification intégrée de SUPER PHENIX 1. On 
décrit aussi les essais de manutention de la cartouche 
filtrante. 

Les principales répercussions des essais sur la réali
sation des appareils pour SPX1 ont été : 

modification des circuits sodium, 
modification de la partie supérieure de la cartouche 
amovible, 
équipement complémentaire en dispositifs accessoires de 
manutention. 
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Sodium tests on an integrated purification prototype for a 
sodium-cooled fast breeder reactor 

Abstract : This paper describes sodium tests performed on the integrated primary sodium purification 
prototype of the Creys Haiville SUPER PHENIX 1 fast breeder reactor. 
These tests comprised : 
- hydrostatic test 
- thermal tests 
- handling tests. 
They enabled a number of new technological arrangements to be qualified and provided the necessary 
information for the design and construction of the SUPER PHENIX 1 purification units. 

1. INTRODUCTION 
Sodium as a coolant in fast breeder reactors is 
very highly chemically reactive, particularly 
vith oxygen and hydrogen. 
The level cf the resulting impurities in the 
sodium indicates the potential of the coolant 
for corroding metal structures. 
This is why sodium must be purified. This 
function is performed by devices called cold 
traps, which cool the liquid sodium flow, thus 
precipitating the impurities, and then retain 
the crystals so formed. Primary sodium purifi
cation at the PHENIX Power Station takes place 
outside the reactor vessel, which has two 
disadvantages : 
- transfer of a radioactive fluid outside the 
vessel, 
- risk of partial draining of primary sodium. 
For SUPER PHENIX 1, the concept of the integra
ted primary circuit was extended by fitting two 
purification units in t.:e reactor vessel. This 
option raised a number of new technological 
problems, and in 1976 it was decided to build 
a full-scale prototype and to subject it to 
sodium qualification tests. 
The validity of the physico-chemical trapping 
process had previously been verified in a basic 
test called EPINAR. 
This prototype was designed and manufactured by 
STEIN INDUSTRIE, which took into account the 
results of the tests perfontad for the design 
and the construction of the SPX1 purification 
units. The test programme was drawn up jointly 
by the CEA, STEIN INDUSTRIE and NOVATOME, and 
the tests were conducted by the CEA at CADARACHE 
from 1977 on a test device corresponding to the 
size of the prototype. 
2. DESCRIPTION OF PROTOTYPE 

2.1. Purification unit (Fig. 1) 
The integrated purification unit (IPU) comprises 
two quite distinct elements ; 
a) The main cylindri'al structure partially im
mersed in the sodium and connected to the shield 
deck of the test pot by a support flange ; it 
comprises : 

- in its upper part, a main plug ensuring con
tinuity of the containment and b-'ological 
shielding, 
- in its lower part, two concentric heat-insu
lated enclosures creating a tight annular space 
in which are installed the fixed elements of 
the purification loop : 
. an electromagnetic pump and its electricity 
supply leads ; 
. a tubular economizer heat exchanger ; 
. connecting pipes to a gas stripping pot. 
The cooler situated opposite the trap crystal
lization zone is fitted in the inside enclosure. 
b) a removable and interchangeable structure 
contained in the main cylindrical structure and 
comprising : 
- in its upper part, a central plug for handling 
the trap and uncoupling it by means of a bayonet 
coupling, 
- in its lower part, a trap of filtering car
tridge comprising : 
. an upper zone for crystallizing impurities, 
fitted with wiremesh pads, 
. coaxial conduits ensuring hydraulic continuity 
with the main structure. 
For the performance of tests, the prototype was 
equipped with the following instrumentation : 
- 3 electromagnetic flowmeters 

3n sac -e pump discharge . one flowmeter 
pipes, 
. one flowmeter on the purified sodium piping at 
the outlet of the economizer heat exchanger. 
- 1 probe for measuring the free purified sodium 
level, 
- 2 thermocouples for measuring the sodium tem
perature in the filtering pads (cold point 
temperature), 
- 1 thermocouple for measuring the temperature 
of the sodium to be purified at the crystalli
zation zone inlet, t 

- numerous thermocouples installed to give a 
picture as complete as possible of the tempera
tures in the apparatus. 
For the performance of the qualification tests, 
the prototype was installed in pot No.6 ->C the 
OBELIX test circuit. 
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This pot (diameter 2.35 m, height 11 m) can hold 
28 -i 3 of sodium and has a heating capacity of 
120 kW capable of reaching temperature of sodium 
to 550°C. 

2 .2 . Sodium loop (Fig. 2) 
The sodium flow diagram i s as follows : 
- The electromagnetic pump extracts the sodium 
from the vesse l at a temperature between l80 and 
550°C, 
- the pump discbarges the sodium to be purified 
into two para l l e l pipes leading t o the econo
mizer heat exchanger, where i t may be cooled to 
a minimum temperature of 1bO°C, 
- cooling i s ensured by a variable flow of puri
f ied sodium taken downstream from the cartridge, 
- the cooled sodium to be purified enters the 
central tube of the cartridge, 
- the sodium r i s e s up to the top of the cartr id
ge and flows into the crys ta l l i za t ion zone. The 
impurities are crys ta l l i zed by cooling the 
sodium below the saturation temperature by means 
of a cooler using pressurized nitrogen supplied 
by an external c i r c u i t , 
- as i t descends through the cartridge, the 
iodiutf passes through the viremesh pads, where 
the impurities are trapped, 
- the purified sodium passes up again to the 
upper free l eve l through the external annular 
passage in the axis of the cartridge. The cooler 
is immersed in t h i s purified sodiua, which 
serves as a thermal binding, 

- the purif ied sodium of the free l eve l i s then 
throt t led by a valve regulating the pressure 
drop in the c i rcu i t and thus the a l t i tude of 
the free l e v e l , 
- at the intermediate operating temperatures, 
t h i s valve regulates the flow of sodium, which 
returns by gravity t o the ves se l through the 
economizer heat exchanger and gas stripping pot . 
The purif ied sodium l e v e l can, therefore, r i s e 
to as overflow, through which a part of the 
purified sodium i s rejected d i rec t l y t o the 
vesse l t h o u g h the gas stripping pot. 
This sodium flow diagram makes the hydraulic 
operation of the prototype independent of the 
sodium variat ions in the v e s s e l . 

2 . 3 . Cooling loop (Pig. 3) 
The power to be evacuated in nominal operating 
conditions i s 100 IcW, corresponding to a sodium 
flow of 2.23 kg/sec. 
The f lu id used i s nitrogen under a pressure of 
15 bars. 
The cooling c i r c u i t consis ts e s s e n t i a l l y of the 
following devices : 
- a t ight blower, with immersed motor, capable 
of a flow of 1.6 leg/s under 15 bars pressure, 
- a secondary water heat exchanger which eva
cuates the heat induced by compression of the 
nitrogen in the t i gh t blower, 
- two cooling c o i l s in para l l e l integrated into 
the purif ication u n i t , 
- a main water heat exchanger at the cooler 
o it l e t , 
- a cooling flow control valve . 
3. THERMOHYDRAVLIC TESTS 
The qual i f icat ion t e s t program jo in t ly defined 
by the CEA, Novatoiie and Stein-Industrie for 
the 1FU covered only the technological aspect3 
of the device , i . e . assessment of the thermohy-
oraulic behaviour and f i l t e r cartridge handling 
tests. 
The expected perforaance characteristics of the 



integrated purification prototype were as 
follows : 
- nominal sodium flow of 2.28 kg/s at 51*0°C 
(i.e. 10 m 3 / h ) , 
- temperature difference of 30°C between sodium 
t i be purified at crystallization zone inlet and 
purified sodium at cold point set at lU0°C 
(subsequently referred to as inlet-outlet AT). 
The first tests were designed to cheek these 
values. 

3.1. Hydrostatic test 
The commissioning of the installation (end of 
1977) demonstrated the satisfactory general 
operation of the installation from the viewpoint 
of actions and safeguards. 
However, from the start of the hydrostatic per
formance tests, it was not possible to achieve 
nominal flow (2.28 kg/s) without passing over 
to overflow conditions. 
At a sodium flow of 1.55 kg/s and above, the 
free sodium level above the cartridge exceeded 
the altitude of the overflow pipe. 
Part of the purified sodium thus by-passed the 
return via the economizer heat exchanger. 
Once the instrumentation had been checked, it 
was concluded that the pressure drop in the 
return circuit, via the economizer heat exchan
ger, was greater than the expected value. 
Since the sodium returii to the economizer heat 
exchanger was by ,Tavity, the flow was determi
ned by the difference in height between the 
free purifr'ed sodium level above the cartridge 
and the fixed level of sodium at the inlet to 
the gas stripping pot. 
The detailed calculations for a flow of 1.55 
kg/s gave a pressure drop in the return circuit 
via the tconomizer heat exchanger of 13 300 
Pascals, whereas a pressure drop of 13 570 
Pascals was expected for the flow of 2.28 kg/s. 
A detailed examination of the preliminary cal
culations taking account of all the components 
affecting the return line pressure drop revealed 
a probable underestimate in the pressure drop 
across a flowmeter in the .line. In actual fact, 
the Venturi profile flowmeter initially speci
fied had been replaced by a different unit for 
which the additional pressure drop was not de
termined. Hydraulic studies transposed from a 
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water test loop indicated a 6973 Pa pressure 
drop induced " th.3 unit for a 2.28 kg/sec 
sodium flow at jl»0°C. 
Nevertheless, there still remained a deviation 
of 3 500 Pascals at 1.55 kg/s, i.e. 7 570 
Pascals at nominal flow, the origin of which 
was not clear. 
This defect led to the tests being stoppée" at 
the end of 1978 in order that the sodium piping 
of the prototype ccUd be modified. Following, 
additional studies conducted together by the 
CEA and STEIN INDUSTRIE, it was decided to 
suppress the flowmeter on the return circuit and 
to modify the design of the soaium piping of 
this circuit. 
Figure k shows these design Ranges : parallel 
flow lines were provided where possible, and 
the diameter of the common flow line was increa
sed. These changes were adopted for the three 
SUPER PHENDC 1 production IPUs. 
A gain of approximately 10 000 Pascals was made 
on the pressure drop of the return circuit via 
the economizer heat exchanger (i.e. 60 i). The 
modification to the return circuit was made on 
the prototype, which was reinserted in the test 
pot at the end of 1979. 
First, isothermal approach tests at about U00°C 
showed the validity of the modification, which 
was then confirmed by the realization of two 
regimes at nominal operation. 
(t° Na = 5U0°C, Q Na * 2.28 kg/s, t° cold point 
= 110°C and 1U0°C). 

3-2. Thermal Testing 
3.2.1. Thermic tests with flowrate 

Failure to reach the nominal flowrate resulted 
in inconclusive thermal results for the first 
test campaign. Nevertheless, the following 
points were established : 
- the heat exchanger-economizer was suitably 
dimensioned, 
- the nitrogen cooling coils met performance 
specifications, and a sufficient nitrogen flow 
regulation margin was available, 
- die initial thermal tests showed chat the car
tridge inlet sodium temperature thermocouple 
was poorly situated. The thermocouple was there
fore relocated in the sodium stream at the top 
of the cartridge. 

FIG. 4 : 
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Fia s : UPPER nurr OF aummoc- AND THERMOCOUPLE POSITION 

Fipire 5 coopères the two locations for the 
first test campaign and for the testing in 
November 1978 and tvo types of valve (see S 4..2) 
The measured 20°C temperature differential 
between the cartridge inlet and outlet at 1.32 
kg/sec suggested a 27°C difference at the nomi
nal 2.28 kg/sec flovrate, corresponding to the 
original design values. 

Thermal testing resumed in 1980, after verifi
cation of satisfactory hydraulic operation. The 
test conditions (sodium temperature, cold point 
temperature, sodium flovrate) were selected to 
enable comparison of the results with Stein-
Industrie calculations. 
For each test based on the above-mentioned para
meters, the nitrogen flovrate, nitrogen tempe
rature and sodium temperature differential (AT, 
across the cartridge were recorded. The follo
wing table compares the predicted and measures 
values for two typical sodium flowrates in 
operation with 5**5°C sodium. 
The following remarks can be made -. 
- The overall AT values were the same as, or 
slightly higher than the predicted values. 
- The temperature difference between the outlet 
of heat exchanger and the inlet of cartridge, 
and the temperature drop across the cartridge 
were considerably higher than expected : 6-8°C 
and *»-5°C, respectively. 
The sodium inlet temperature at the top of the 
cold trap was higher than predicted for a pre
determined cold point temperature. 
The increased temperature differences between 
the heat exchanger and the cartridge, and across 
the cartridge itself, represent an advantage for 
IPU operation in that they reduce the hazard of 
premature precipitation in the upper cartridge 
zone in the event of a rise in the plugging 
temperature. This may best be illustrated by an 
example. 
If it is assumed that the SUPER PHENIX 1 primary 
sodium temperature is 5!*00C, and a plugging 
temperature 9- of 120°C is measured, then stan
dard operating practice is to regulate the cold 
trap setpoint temperature to 9_-l0°C, or 110°C 
in this example. However, the test results 

PARAMETER DESIGN 
VALUE 

TEST 
PE li 

DESIGN 
VALUE 

TEST 
?E 20 

SODIUM FLOWRATE 
( k g / 3 e c ) 

2 ,28 2 , 2 6 2 ,28 2 ,25 

CONTAMINATED 
SODIUM TEMPERA
TURES : 

. ECONOMIZER 
INLET (°C) 

. ECONOMIZER 
OUTLET (°C) 

. CARTRIDGE INLET 

51*5 

159 

137 

5**2,5 

165 

1U2 

51*5 

135 

165 

1 

51*2,6 

187,6 

166,5 

CARTRIDGE COLO 
POINT TEMPERA
TURE (°C) 1i0 109,3 ll*0 138,1 

CLEAN SODIUM 
TEMPERATURES : 1 

. ECONOMIZER 
INLET C O 

. ECONOMIZER 
OUTLET 

135 

517 

133 

512 ,7 

163 

519 

157,6 • 

517 ,6 ! 

OVERALL AT (°C) 28 2 9 , 3 26 25 | 

CARTRIDGE AT 
(lOIMT-IOOMT)CO 27 3 2 , 2 25 2 8 , 4 

NITROGEN FLÛWRATE 
( k g / s e c ) 1,2U 1,1U 0 , 3 3 0 , 7 9 

NITROGEN INLET 
TEMPERATURE C O 35 2U,7 35 2 1 , 7 

NITROGEN OUTLET 
TEMPERATURE C O 101 106,? 126 130,6 

NITROGEN AT C O 66 3 1 , 5 91 108 ,9 

indicate a cartridge temperature difference of 
32°C, and therefore a cold trap sodium inlet 
temperature differential of ll*2°C, or 9B+22°C. 
In order to prevent early precipitation, stan
dard practice is to ensure a cartridge sodium 
inlet temperature of 9B+10°C. The test results 



thus shov an additional 12°C margin. 
Moreover, it is generally considered that 
early precipitation presents the greatest 
partial clogging hazard if it occurs at the 
contaminated sodium outlet of the economizer, 
due to the lov sodium flow velocity at this 
point and the small (12 mm dia) tubes in the 
economizer. In the selected example (test PE U), 
the temperature at this point was 165°C, i,.e. 
1»5°C above the plugging temperature. 
Further tests vere also carried out at 1*9G°C, 
1*00°C and 300°C to determine the temperature 
drop across the cartridge as a function of the 
flowrate. The temperature drop was found to 
increase with the flowrate : at UOO°C and 300°C 
the differential reached 25-27°C with flowrates 
only 15 % above the nominal value. 
This should make it possible to control the IFU 
during thermal transients WITHOUT USING THE 
BYPASS VALVE, simply by increasing the sodium 
flowrate and maintaining the cold trap inlet 
temperature 15°C above the plugging temperature. 
Both the IPU electromagnetic pump and cooling 
system ratings are sufficient to permit this 
increased flow : a higher sodium flow requires 
an increased nitrogen flowrate, and the cooling 
coil performance figures are optimum under these 
conditions. 

3.2.2. Thermal tests on incident 
Two cartridge heating tests were conducted under 
slightly different conditions. 
a) Nitrogen Cooling Failure. 
With 51»0°C sodium circulating at 2.28 kg/sec 
and the cartridge temperature regulated at 
108°C, the blower was shut down while the sodium 
continued to circulate. The cold poir.t tempera
ture rose to ll»5°C after one hour, at which 
point the cold trap maximum temperature trip 
provision shut off the sodium flow. Above this 
temperature, therefore, the cartridge self-
heating behavior was examined. 
Figure 6 compares the measured temperature 
rise values with the calculated curve. 
b) Simultaneous Sodium and nitrogen Circulation 
Failures. 
Under the same conditions as above, the blower 
and the electromagnetic pump where shut down 
simultaneously and the temperature rise was 
observed from 100°C. The resulting heating rates 
were lower than expected. It should be noted, 
however, that these tests were carried out in 
completely static 51»5°C sodium around the IPU, 
whereas in SUPER PHENIX 1 currents around the 
IPU will increase the heat exchange rate and 
cov -d result in faster heating. 
c) Emergency Operation. 
Two emergency operation tests were carried out 
with the IPU blower running at reduced speed. 
The following table compares the measured and 
predicted results. 

2-C01L TEST DESIGN VALUES 
NITROGEN FLOWRATE 0,05^ 0,051 
(kg/sec) 
NITROGEN INLET 22 60 
TEMPERATURE (°C) 
NITROGEN OUTLET 156 167 
TEMPERATURE (°C) (at end of test) 
TOTAL POWER REMOVAL 7656 5766 
(W) 
The emergency operation test results were vir

tually identical with ont or two coils, as 
predicted. The power removal value was higher 
than expected, but still within the SUPER-PHENIX 
1 design specifications. 

3.2.3. Conclusion of thermal tests 
The thermal tests confirmed the IPU performance 
ratings. In general, the observed results 
exceeded the design values and were in all 
cases largely sufficient to meet reactor opera
ting requirements. 
This increased performance was found also in 
emergency operation and in self-heating tests. 
The test results showed that the IPU is simple 
to control, and that conceivable incidents have 
QO immediate effect on reactor operation. In the 
event of an IPU shutdown, several hours would 
always be available to examine the situation 
and take the necessary steps. 
1*. CARTRIDGE HANDLING TEST 
The IPU cartridge is an expendable item, schedu
led for replacement at one or two-year intervals 
in SUPER PHENIX 1 reactor operation. This im
plies a need for component handling provisions. 
The plug-and-cartridge assembly is O.60 m in 
diameter and 10 m long including the gripping 
provisions, and therefore requires hoisting 
equipment with considerable clearance beneath 
the hook. 
The cartridge includes four hooks that engage 
four pins located on the underside of the cen-
tval plug. The components are engaged or disen
gaged by a U5 0 rotation of the plug, with the 
cartridge immobilized (in a movement similar to 
replacing a bayonet-type electric light bulb). 
The cartridge is suspended from the plug, and 
is replaced by removing the entire plug-rar-
tridge assembly. 
A special dummy pit was built to simulate the 
cartridge storage pit, and was completed at the 
top by a lock with a rotating device. A long 
handling cask with a lock between two slide 
valves was used for handling tests in 180°C 
sodium. 

U.1. Preliminary Dry Testing in Argon 
In order to check the hook-and-pin locking 
system, tests were first conducted in argon 
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with a cold cartridge in an empty purification 
unit at room temperature to simulate the remo
val of a spent cartridge from the reactor to 
the storage pit, and the transfer of a fresh 
cartridge from the pit to the reactor. 
All of these operation except one, were carried 
out vith no major difficulties. Plug engagement 
and release using the rotation device were sim
ple and easily repeatable ; the hook-and-pia 
system appeared to be highly satisfactory. 
Further tests were conducted with a 15-20 mm 
voluntary mismatch between the overhead crane 
hook centerline and the dummy pit or IPU cen-
terline ; such an offset is considered possible 
with the actual reactor devices. Under these 
conditions, it was observed that during engage
ment of the plug on the fresh cartridge, a cen
trally located thermocouple at the bottom of the 
plug would not fit into the receptacle tube at 
the top of the cartridge. The thermocouple * 
location and length modification implemented 
for the thermal considerations discussed ear
lier made it even more difficult to guide the 
operation without visual control. 
All of the operations mentioned here were car
ried out using a 3-ton overhead crane. Component 
weight and operating load values were monitored 
using an electronic load cell. 
On completion of these tests, the handling pro
cedure specified for SUPER PHENIX 1 was modified 
to permit visual guidance and coupling of the 
plug on a fresh (uncontaminated and inactive) 
cartridge. Consequently, a plug cleaning and 
decontamination station was added to the SUPER 
PHENIX 1 IPU cartridge handling sequence, with 
an intermediate station. where a decontaminated 
plug can be coupled with a fresh cartridge while 
ensuring proper thermocouple guidance. , 
The same tests were repeated on the empty IPU in 
argon at 180°C, and no further problems were 
encountered. 

U.2. Sodium Testing 
Tests were then conducted in sodium following 
the same sequence as in argon, but difficulties 
arose. It was not possible to release the car
tridge from the plug : the jins remained engaged 
in the hooks. The two items were finally separa
ted by improvised mechanical means. It was then 
impossible to lock the plug on to the cartridge 
again. The explanation for both problems was 
found to originate in sodium freezing in the 
bellows of the valve, causing the bellows to 
lose the flexibility required to permit compres
sion on engagement and release. Since it was not 
possible to carry out these operations while 
ensuring a sodium temperature high enough (i.e. 
120°C) to prevent freezing, the upper portion of 
the cartridge was redesigned. 
Figure 5 comperes the original and modified 
designs. The modification also eliminates the 
risk of a valve remaining full of oxide, and 
makes the plug easier to decontaminate. 
In the initial design the valve was mounted on 
the central plug, and sealing was ensured by a 
plate and bellows system mounted on the cartrid
ge. The redesigned version is substantially dif
ferent. The valve components are attached to the 
cartridge by a cylindrical shell. The upper ends 
of the 3 concentric tubes in which sodium circu
lates were also redesigned to ensure a more 
symmetrical fluid flow distribution. The tempe

rature sensor was redesigned as discussed ear
lier. 
The valve control rod was also modified, with 
two short pins suspended from a simple universal 
joint, engaging two V-shaped notches in the ro
tating valve plug. 
These design changes were implemented on the IPU 
plug and cartridge in 1979 together with the 
sodium flow line modifications mentioned ear
lier, and were also adopted for the 3 reactor's 
IPUs manufactured in 1982. 
The handling tests resumed in 1980, alternating 
with the hydraulic and thermal tests. All 3 
test series (i.e. room-temperature argon, 180°C 
argon, and 180°C 3odium) were successfully car
ried out on the modified components with no 
problems. 
Nevertheless, these operations require thorough 
preparation and planning, especially to prevent 
any hangups with the thermocouple at the top of 
the cartridge. 

5. TEST REPRESENTATIVENESS 
The prototype unit was designed for optimum 
testing of the IPU under SUPER PHENIX 1 opera
ting conditions. Nevertheless, it was not always 
possible to ensure that the tests were fully 
representative of the reactor : other test ob
jectives included verification of operating 
principles, dimensions and, in some cases, com
ponents. The representativeness of these tests 
is analysed for each item individually in the 
following paragraphs. 

5.1. IPU Housing. Cartridge and Sodium 
Circuit 

The tests were most representative for these 
points. The sodium circuit was identical with 
the SUPER PHENIX 1 units since the second test 
campaign was conducted with the redesigned so
dium channel distribution. The thermal test 
data can be considered very close to the actual 
SUPER PHENIX 1 operating values : only the self-
heating results are liable to differ. 

5.2. Pressurized Nitrogen Cooling Loop 
The nitrogen blower and the inlet and outlet 
heat exchangers (Figure 3) were identical with 
the units procured for SUPER PHENIX 1. The 
blower ran for a total of nearly 16OOO hours 
during the 1978, 1980 and 1982 test campaigns ; 
it is considered highly reliable and can be 
adopted for SUPER PHENIX 1 operating conditions. 
The nitrogen flow regulating valve also opera
ted without incident. However, the prototype 
IPU nitrogen loop was quite different from, and 
simpler than the two loops planned for SUPER 
PHENIX 1. The test program was not at all inten
ded to qualify all of the different types of 
valves and pressure gauges in this loop : only 
the major components were checked. The isome
tric layout of the prototype loop was conside
rably different from the SUPER PHENIX 1 version. 
Nevertheless, the blower performance safety 
margin is sufficient to affirm that nitrogen 
circulation through the loops of each IPU 
should be fully satisfactory. 
The test loop did not include a security blower 
on nitrogen loop, so that no tests could be 
conducted on this part of the system. 

5.3. Handling Procedures 
The handling tests are not considered to be 



fully representative of actual operating con-
d i t i c - , . All handling operations were carried 
out with the same cartridge used alternately 
to simulate both spent and fresh cartridge. It 
was thus possible that undetermined amounts of 
sodium could have remained at the top of the 
cartridge, increasing the difficulty in coupling 
the plug to the cartridge. 
More significantly, the test devices (handling 
cask and dummy pit) were not identical with the 
SUPER PHENIX 1 devices : the differences inclu
ded their s ize , weight (lead shielding), lock 
valves, operating speeds and internal winches. 
Nevertheless, the prototype tests confirmed the 
validity of the handling principles for appli
cation to SUPER PHENIX 1 : the hook-and-pin 
coupling system, the locking rod and stop safe
ty mechanism, and the rotating release system. 
No results were obtained, however, for the 
cooling time of a SUPEF.-PHENIX 1 plug, nor for 
the accuracy of the handling operations. 

6. GENERAL CONCLUSIONS 
This report exhaustively describes the tests 
carried out at Cadarache on the prototype inte

grated purification unit over a 36-month period 
comprising three test campaigns separated by two 
equipment modification shutdowns. 
The in i t ia l decision to ouild a prototype unit 
in order to test the new design options was 
thus proven to be well founded. The thermal 
design parameters were valid, and the analysis 
values were confirmed by the tes ts . 
Modifications were implemented in the production 
units for SUPER PHENIX 1 based on the problems 
encoutered during testing. We recall them : 

- Modified sodium flow lines, 
- Change in the upper portion of the cartridge, 
- Additionnai cartridge handling facility. 
The experience thus acquired was used to clarify 
and define operating procedures for SUPER PHE
NIX 1. 
Within the limits mentioned above, the tests 
may be considered representative of the actual 
IPU sodium line and nitrogen blower performance 
characteristics, but only partially representa
tive of the handling procedures as a result of 
the difference between the test equipment and 
the SUPER PHENIX 1 environment. 


