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SCENARIO 5 - PTH 340 W - URANIUM-PLUTONIUM MIXED OXIDE RODS - 1.33.10™ Pa.m>.s™ (1 Lusec) SLR .30
“SCENARIO 5 - PTH 340 W - URANIUM-PLUTONIUM MIXED OXIDE RODS - 2.66.10™ PA.M®.s™ (2 LUSEC) SLR .30
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1 INTRODUCTION.
This chapter analyses the containment of contents of package TN-BGC 1 under normal and accident conditions
in transport.

The special case of contents 1b and 3b is deal with in attachment 3.4-2.

2 REFERENCES \(
[1] International Atomic Energy Agency Regulations for the transport of radioactiv lggterial ,
Safety standards collection, no. TS-R-1 - 1996 edition (amended in 2005).

2] Precision joints manual, ref. 5705 F, Parker company

[3] Safety of transport of radioactive materials. Package leaktightness tests - ard 1SO 12 807

- 1996. )%
3 CONTAINMENT SYSTEM

The loading of package TN-BGC 1 is contained in an envelope describe

pter 2. This containment
system is closed by a plug held in place by a compression ring. Duri sport, all access to this system is

prohibited by anti-tamper seals.

3.1 DESCRIPTION OF THE CONTAINMENT ENVELOPE

The containment system is described in Chapter 2. r however that all the metal parts in the

containment system are stainless steel with excellent resilience at -400.

3.2 CONTAINMENT SYSTEM CLOSURE DEVICE y

The containment system is closed by a pﬁ%in place by a compression ring supported by a bayonet device.
h

The plug itself has a penetration fitt a quick-connect coupling designed to take gaseous samples in the
cavity or to create a negative o%‘ ithin in; during transport, this penetration is plugged by the quick-
connect cap which is held in place a compression ring screwed into the plug.

3.3  CONTAINMENT SYSTEM WELDS AND JOINTS

The containment has the following welded joints:

° | weld of the shell,

. Qase‘Weld on the shell,

0 fIgF\ge weld on the shell,
closing weld on the neutron shielding housing on the plug.

T welds are carried out under a qualified procedure (see Chapter 2). They are liquid penetrant tested and

checked for leaktightness during manufacture by a helium test.

The closing system is kept leaktight by O-rings and tested at the end of manufacture during period servicing and

at each transport operation.
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4  ANALYSIS OF CONTAINMENT SYSTEM COMPLIANCE FOR NORMAL TRANSPORT CONDITIONS

4.1 COMPATIBILITY OF THE CONTAINMENT SYSTEM MATERIALS WITH EACH OTHER, WITH OTHER PACKAGING
COMPONENTS AND WITH THE PACKAGE CONTENTS

The materials in contact with the outside of the containment system are:
e the carbon steel reinforcing plate, fixed to the bottom with welded studs,

e the resin. O\

These materials are totally compatible with the stainless steel in the containment system.

The following components inside the containment system can be in contact with the walls:
¢ the internal stainless steel containers, 4(

e the aluminium wedges and spacers,

e the circular isolating shoes adjusted on the space when transportin anyl npitrate in the internal
container TN 90.

The materials used in these internal components (described in Chapte wmpaﬂble with the stainless

steel of the containment system.

4.2  EFFECTIVENESS OF THE CLOSING DEVICES IN RELATION TO S &RATION
The weight of the plug and the closing device added t the@biest content of the packaging is 170 kg
maximum.

The prestressing imposed on the plug when being closed and before locking by the compression ring is:

F+ =30 000 N (see Chapter 2). P4

The flattening force for the two plug joint: =16 560 N (see Chapter 3.1).

This prestressing force is therefore eater that the force required to flatten the two plug joints. This gives

considerable margins in terms ofa osening.
In addition, the multiple drop teststand the mechanical calculations performed in Chapter 3.1 show that the

closing system remains.intac ite major mechanical loading.

Similarly, the quick-connect cap tightening nut is tightened to a torque of 50 N.m, which excludes any risk of

loosening thr%g )

The resistafﬁh
L
Y

AINING LEAKTIGHTNESS AT HIGH AND LOW TEMPERATURE

NO RISK OF JOINT EXTRUSION AT HIGH TEMPERATURE

ation in transport or shocks.

package is therefore guaranteed in these conditions.

The method proposed to ensure there is no risk of joint extrusion involves checking that the volume of the
trapezoidal throat remains greater than the volume of the O-ring across the entire temperature range

considered. The joint therefore has total latitude to expand inside the throat and not outside it.
The spreadsheet attached to Table 3.4-2 is used to study the risk of extrusion.

Two joints delimit the containment system of the TN-BGC 1 packaging: this involves internal joints in the Staubli
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cap and the cover.

Conservatively, the joint dimensions are considered at the maximum tolerances and the throat dimensions are

considered at the minimum tolerances. The expansion of the steel delimiting the joint throats is ignored.

In accordance with the note supplied in attachment 3.4-1, the maximum coefficient of linear thermal expansion

is:
e 0.000227 m.K™* for the GLT Viton joints, O\
e 0.000274 m.K-1 for the silicon joints.

The results presented in Table 3.4-2 reveal that the theoretical joint extrusion temperature .is 23 a value

higher than the maximum temperature calculated in Chapter 3.3.

The risk of extrusion of joints delimiting the containment system and fitted to pack -BGC 1 is therefore

excluded.
5.2  MAINTAINING LEAKTIGHTNESS AT LOW TEMPERATURE

An elastomer component loses its elasticity when cooled. We prefer

joints with a good flexibility at low
temperature. The TR10 tests have proved to be more effective i ing and comparing the flexibility of
different elastomers when cold. The tests involve cooling a ful a t coupon. Held between two jaws, the
test coupon is then released on one side and the temperature is increased by a controlled value. The elastomer
tends to return to its original value when heating. When f the elongation is reached, the temperature
reached is the TR10 point. This means a return o () lasticity. According to [2], the temperature of the
TR10 point can be used to determine the minimum service temperature of all the elastomer joints. In practice, a

static joint has a minimum service temperature of about 8° less than the TR10 point.

Two types of joints are used in delimiti e containment:
e THT silicon joints, og aging in configuration B(U).
The supplier g es a service range of [- 70°, + 300°] for these joints.

However, the value of the TR10 is -45°C, which is lower than the minimum regulatory ambient

}ere of -40°C.

. Emperature Viton joints, for packaging in configuration B(M).

0 The supplier of these joints guarantees a service range of [- 40°, + 250°].

However, the value of the TR10 is -28°C. By insisting on the use of packaging fitted with Viton
joints only when the ambient temperature is not likely to drop below -20°C, a safety margin is

maintained in terms of this potential risk of degradation in leaktightness.

5.3 MAINTAINING THE CONTAINMENT FOLLOWING REGULATORY TESTS UNDER NORMAL AND ACCIDENT CONDITIONS IN
TRANSPORT

The tests to be considered in NTC are as follows:

French Atomic Energy Commission

Cadarache centre - DPIE/SET- Building 220 - 13108 Saint-Paul-lez-Durance

Tel.: (33) 04 42 25 26 24 - Fax: (33) 04 42 25 61 59 — Email: dtapset@drncad.cea.fr
Industrial and commercial public service

R.C.S PARIS B 775685019



e water spray,
e drop from a height of 1.20 m,
e compression under a distributed load equal to 5 times the natural weight of the package,

e impact on the hemispherical extremity of a 3.2 cm-diameter bar weighing 6 kg falling from a height
of 1 m,

and in accident conditions in transport: O\

e drop from a height of 9 m,

e drop from a height of 1 m onto punch,

e drop of a 500 kg plate from a height of 9 m,
e exposure to a fire at 800°C for thirty minutes,
e immersion test. %’
In Chapter 3.1 we show that there is no risk of these tests causing loss or dispersio e packaging content.

6 TEMPERATURES AND PRESSURES IN %

6.1 TEMPERATURES IN THE PACKAGING AND TERTIA}Y PACKING CAVITY

These temperatures are taken from Cha 3.

6.1.1 Normal transport conditions

For a content with a maximu d thermal power of 340 W, regardless of the physico-chemical nature of
the content (including for the content made up of mixed uranium-plutonium oxide rods), the maximum gas

temperatures in the packaging cavity and in the tertiary packing container cavity are 181°C and 302°C

respectively.

'termal power, regardless of the physico-chemical nature of the content (including uranyl

m gas temperatures in the packaging cavity and in the tertiary packing container cavity are

5°C respectively.

g when wrappers are used is not considered as the thermal power of the content is then limited (4 x
so as to eliminate taking into account the thermolysis of wrappers in normal transport conditions and the

temperatures are always less than those obtained with a loading of 340 W. As radiolysis of wrappers can be
considered is negligible in an increase in pressure, loading a content is a thermal power of 340 W is therefore

considered as envelope for the temperature and pressure reached.

6.1.2 Accident conditions in transport
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The maximum temperatures reached by the gases in the packaging cavity and in the tertiary packing container
cavity are determined in attachment 3.3-2.

Without wrappers, for a content with a maximum permitted thermal power of 340 W, the maximum
temperatures of gases in the packaging cavity and in the tertiary packing container cavity are 211°C and 344°C
respectively.

For the special case of mixed uranium-plutonium oxide rods, for a maximum thermal power of 34 W
maximum gas temperatures in the packaging cavity and in the tertiary packing container cavity ar (&90 a

335°C respectively.

With wrappers, for a content with a maximum permitted thermal power of 4 x 2 , the ‘maximum
temperatures of gases in the packaging cavity and in the tertiary packing container cavity are 0 and 2460
respectively.

For a content with nil thermal power, the maximum gas temperatures in t éW'ig cavity and in the tertiary

packing container cavity are 171°C and 144°C respectively.

For the special case of uranyl nitrate, the maximum gas temperatures i ackaging cavity and in the tertiary
packing container cavity are 1830 and 112[1 respectively. @

6.2  PRESSURE IN THE PACKAGING CAVITY $

6.2.1 Normal transport conditions

6.2.1.1 Content with a maximum thermal power of 340 W (no wrapper) or 4 x 20 W (with wrappers) -

water content less than 0.5% p 4
When loading contents, the packagin "a%nd the cartridges are considered to be in equilibrium with the

ambient and pressure conditions (25° 04.10° Pa given the fluctuations estimated at 60.04.10° Pa).

The average temperature in th n is written Tme = (VIc x Tmc + Vlai x Tmai) / (Vlai + VIc)

Where

Tmc: average maximum temperature of the gas at thermal equilibrium in the packaging

ity = 454 K
AT average maximum temperature of the gas at thermal equilibrium in the tertiary packing

*t:\ container = 575 K
Vic: free volume in the packaging cavity = 7.4 |
Q Vlai: free volume in the loaded tertiary packing container cavity = 7.64 |
I e=515K

The average resulting pressure in the containment is therefore expressed as follows:

Pme = 1,04.10° x Tme / 298 = 1.79.10° Pa

6.2.1.2 Content with a maximum thermal power of 340 W (no wrapper) or 4 x 20 W (with wrappers) -
water content more than 0.5%
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It is considered conservatively that the maximum permitted pressure in this case is the absolute pressure which
guarantees that the packaging remains leaktight (statically or in an explosion), i.e. 11.10° Pa (the transport time
is limited in Chapter 3.7 to avoid exceeding this pressure), from which is subtracted the pressure of the

thermolysis gas, i.e. 1.5.10° Pa (as there is never wrapper thermolysis in NTC).

Thus, Pme = 9.5. 10° Pa.

The average maximum temperature in the packaging blanket remains Tme = 515 K. O\

6.2.1.3 Content with maximum thermal power of 340 W - special case of mixed uranium-plutonium
oxide rods

The maximum internal gas pressure inside the rods (or the cartridges enclosing rod ions) is 2.10° Pa

absolute at 25°C (see Chapter 1).

Conservatively, and to avoid taking types of rod in isolation, no assumption is made. on t as leaktightness of
rods. i\e y

It is therefore assumed as initial condition that the interior (assumed em f its content) of the tertiary packing
container is subject to the pressure 2.10° Pa absolute at 25°C.
It is assumed that once thermal equilibrium is reached, the ined in the tertiary packing container

escapes into the packaging cavity.

In these conditions, the average resulting pressure in th inment system is:
Pme = (PcVIcTmai + PaiVlai (VlcTmai + VlaiTmc)
Pc: maximum pressure in the packaging cavity, given the fluctuations in atmospheric

pressure estimated at + o.&.lo5 Pa = 1.04.10° Pa x 454/298 = 1.6.10° Pa

Pai maximum pressure | e tertiary packing container at thermal equilibrium, i.e. Pai =

ai/298 = 3.86 10° Pa

Tmc: average
ca =454 K

um temperature of the gas at thermal equilibrium in the packaging

Tmai: <. average maximum temperature of the gas at thermal equilibrium in the tertiary packing

container = 575 K
‘§O free volume in the packaging cavity = 7.4 |

i free volume in the empty tertiary packing container cavity = 15.8 |

erage temperature Tme is written Tme = (Vlc x Tmc + Vlai x Tmai) / (Vlai + Vic) = 536 K.

6.2.1.4 Contents not releasing thermal power - general case

The internal pressure in the cavity is therefore left at atmospheric pressure when the package is closed.

The air temperature at closing is assumed equal to 25°C. During transport under regulatory temperature (38°C)

and regulatory insolation, the air temperature in the cavity can be estimated at 57°C at most.

The corresponding pressure is therefore written:
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Pme = 1.04.10° x 330/ 298 = 1.15.10° Pa absolute.

6.2.1.5 Contents not releasing thermal power - uranium oxide fuel rods

Adopting similar reasoning as in § 5.2.1.3, the average resulting pressure in the containment is shown to be:
Pme = (PcVIcTmai + PaiVilaiTmc)/(VicTmai + VlaiTmc)
Pc: maximum pressure in the packaging cavity, given the fluctuations in atmospheric
pressure estimated at + 0.04.10° Pa = 1.04.10° Pa x 330/298 = 1.2.10° Pa
Pai maximum pressure in the tertiary packing container at thermal equilibrium, i.e. Pai =

3.10° Pa x Tmai/298 = 3.32 10° Pa

Tmc: average maximum temperature of the gas at thermal equili
cavity =330 K

ium i e packaging

Tmai:  average maximum temperature of the gas at thermal equ%nn the tertiary packing
container = 330 K

Vic: free volume in the packaging cavity = 7.4 |
Vlai: free volume in the empty tertiary packin ta avity = 15.8 |

i.e., Pme = 2.63.10° Pa

6.2.1.6 Contents not releasing thermal power - ur

The maximum pressure reached in the cavity is the pressure ‘calculated in 8 6.2.1.4, to which must be added the

overpressure generated by any radiolysis of the co%nt AP = 0.31.10° Pa).

The pressure in the cavity is therefore 1. ° Pa absolute.

Taking the conservative hypothesis atur ing vapour pressure of 1.10° Pa (reminder: uranyl nitrate does

not reach its boiling point in NTC aximum pressure is Pme = 2.51.10° Pa.

6.2.2 Accident conditions in transport

6.2.2.1 Content with.maxi thermal power of 340 W - water content less than 0.5%
Chapter 3.7 reve tt verage maximum temperature in the packaging cavity blanket Tme is 555 K.
The average ressure in the containment is therefore expressed as follows:

Pme = 1.04. e /298 =1.94.10° Pa

Y
6.2.®ntent with maximum thermal power of 340 W - general case - water content more than 0.5%
onsidered conservatively that the maximum permitted pressure in this case is the absolute pressure which
guarantees that the packaging remains leaktight (in an explosion), i.e. 11.10° Pa.
Thus, Pme = 11. 10° Pa.

The average maximum temperature in the packaging blanket remains Tme = 555 K.
6.2.2.3 Content of 4 x 20 W (with wrappers) - general case - water content less than 0.5%
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Chapter 3.7 reveals that the average maximum temperature in the packaging cavity blanket Tme is 490 K.

The resulting average pressure in the containment due to the increase in temperature from the fire test is

therefore expressed as follows:

Pme = 1.04.10° x Tme / 298 = 1.71.10° Pa

Considering the thermolysis and radiolysis of wrappers (see Chapter 3.7), the average maximum pressure in
the containment is Pme = 3.38. 10° Pa. O

6.2.2.4 Content of 4 x 20 W (with wrappers) - general case - water content more than 0.5%

We are going to consider conservatively that the maximum permitted pressure in this case is the absolute
pressure which guarantees that the packaging remains leaktight (in an explosion), i.e. 11.10° Pa:

Thus, Pme = 11. 10° Pa.
The average maximum temperature in the packaging blanket remains Tme = 490 KYW

6.2.2.5 Content of 340 W - special case of mixed uranium-plutoni oxide rods

The pressure in the cavity in normal transport conditions has b assessed at 3.13 10° Pa and the temperature
at 536 K.

The average maximum temperature in the packaging cavity itten Tme = (Vlc x Tmc + Vlai x Tmai) / (Vlai +

VIc) with Tmc =541 K and Tmai = 608 K. l.e. Tme =

The resulting maximum average pressure in the coyain ent is therefore Pme = 3.43.10° Pa.

6.2.2.6 Contents not releasing therm er - general case

The pressure in the cavity in nor ort conditions has been assessed previously at 1.2 0.10° Pa.

The average temperature in tl
Tmai =414 K, Vic - 7.4 | and Vlai =

ackaging is written Tme = (VIc x Tmc + Vlai x Tmai) / (Vlai + VIc) Tmc = 515 K,
531 l.e. Tme =474 K.

The resulting maxim verage pressure in the containment is therefore Pme = 1.72.10° Pa.

6.2.2.7 Contj‘en % eleasing thermal power - uranium oxide fuel rods

The pressﬁ' he cavity in normal transport conditions has been assessed at 2.63 0.10° Pa and the
r

tempe e at330 K.
Tme Q} K.
esulting maximum average pressure in the containment is therefore Pme = 3.78.10° Pa.

6.2.2.8 Contents not releasing thermal power - uranyl nitrate

The temperature is identical to that determined in § 6.2.2.6, i.e. Tme = 474 K. The maximum pressure reached
in the cavity is the same as in § 6.2.2.6, except that the overpressure generated by any radiolysis of the content
(AP = 0.31.10° Pa) must be added.
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The maximum pressure in the cavity is Pme = 3.03.10° Pa (taking into account the saturating vapour pressure,
which is increased to 1 bar as the solution never reaches boiling point: 10° Pa is therefore added to the

calculated pressure without taking this phenomenon into account).

oN

7 RELEASE OF ACTIVITY )

7.1  SOURCE OF ACTIVITY RELEASE

As the containment system has no decompression system, any activity potentially ased during transport (or
post-accident) is due only to leaks at the leaktight joints.

The importance of these leaks relates to the difference in driving he n the state of the joints and their

bearing surfaces.

For this reason the loading operating procedure includes: a for checking joint leaktightness (actual

criterion).

7.2 CALCULATION NOTATIONS AND METHODOLOGY

release of activity of various contents in normal and accident
SO 12 807 [3)/

The methodology adopted to calculate t

conditions in transport is taken from sta

The methodology is based on solvin equation of:

e Knudsen, for the.sa tents,

o Poiseuille, for the liquid content.

It is used to define th iring:

e "m specific activity - leak rate checked before transport” in the general case of aerosols,
)

olver is used to solve the problem. The results are presented in Tables 3.4-3 to 3.4-14.

activity - leak rate checked before transport” in the special case of uranyl nitrate.

.4-1 links the calculation scenarios presented below and the contents of Chapter 1 covered by this case

study.

7.3.1 Scenario 1l

Pre-transport check of X Pa.m®s™ SLR guarantees, for all these contents, that:

e the release in normal transport conditions is less than 10 Aj/hr as long as the content has an
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7.3.1.1 Scenario 1A - Pth =340 W - general case - water content Ie@

@

The values obtained for Y and Z(X) based on the criterion check

3 to 3.4-6)

7.3.1.2 Scenario 1B - thw

The values obtai or

activity less than Y(X) A2/g,

the release in accident conditions in transport is less than 1 A, in one week as long as the content
has an activity less than Z(X) A2/g.

71034-10)

O

Pre- Pre- Maximu tivit Maximum activity
transport | transport TC) (TAC)
check check i Il in A2/g
(SLR)in (SLR; in
lusec Pa.m’s™
2 2.66E-0 87 4307
1 1.33 175 8647
0,5 352 17371
0,1 &.33 1799 88014

- general case - water content more than 0.5%

;*e-transport Pre-transport Maximum Maximum activity
),check (SLR) in check (SLR) in | activity (NTC) (TAC)
lusec Pa.m®s™ in A2/g in A2/g
2 2.66E-04 15 723
1 1.33E-04 31 1465
0,5 6.65E-05 63 2979
0,1 1.33E-05 331 15645
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ransport are as follows: (Tables 3.4-

d Z(X) based on the criterion checked before transport are as follows: (Tables 3.4-



7.3.1.3 Scenario 1C - Pth =4 x 20 W - general case - water content less than 0.5%

The values obtained for Y and Z(X) based on the criterion checked before transport

11 to 3.4-14)

g@o s: (Tables 3.4-

Pre- Pre- Maximum activity Maximum aEzivity
transport transport (NTC) A
check check in A2/g in A2/g
(SLR)in (SLR; in
lusec Pa.m®s™
2 2.66E-04 78 1936
1 1.33E-04 1 3915
0,5 6.65E-05 318 7930
0,1 1.33E-05 %ﬁ? 41185

7.3.1.4 Scenario 1ID-Pth=4x20W -

The values obtained for Y and Z(X)

Y4

ral case - water content more than 0.5%

Qon the criterion checked before transport are as follows: (Tables 3.4-

15 to 3.4-18)
Pre- ‘ | Pre- Maximum activity Maximum activity
transport ansport (NTC) (TAC)
k check in A2/g in A2/g
/‘ﬁ{ (SLRg inl
lusec Pa.m”.s’
A
2 2.66E-04 14 590
A
'\-y 1 1.33E-04 28 1198
Q 0,5 6.65E-05 56 2437
0,1 1.33E-05 296 12842
7.3:2 Scenario 2

A pre-transport check at 6.65.10” Pa.m>.s™ (5 lusec) SLR guarantees for these contents (see Table 3.4-19)
that:

e the release in normal transport conditions is less than 10 Aj/hr as long as the content has an
activity less than 44 A,/g,
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e the release in accident conditions in transport is less than 1 A, in one week as long as the content
has an activity less than 1698 A,/g.

This design scenario covers air transport (external pressure taken as equal to 5,000 Pa).

7.3.3 Scenario 3

A pre-transport check at 6.65.10” Pa.m®.s™ (5 lusec) SLR guarantees (see Table 3.4-20) that:

o\

e the release in normal transport conditions is less than 10° A,/hr as long as the content has an

activity less than 1.64.10™ A,/m?,

o the release in accident conditions in transport is less than 1 A, in one week as long as the content
has an activity less than 867 A,/m°.

235 238
U ’

Generally, the uranium isotopes normally encountered ( U) have an unlimited A,.

7.3.4 Scenario 4 Q(x)
A pre-transport check at 6.65.10” Pa.m*.s™ (5 lusec) SLR gu for these contents (see Table 3.4-21)
that:

e the release in normal transport condition than 10° A,/hr as long as the content has an
activity less than 22 A,/g,

e the release in accident conditions in tr/an%)'s less than 1 A, in one week as long as the content
has an activity less than 960 A./g. ’

The activity release criteria are therefore largely respected.

Note: a factor of 2 is taken compared with the regulatory criterion.

7.3.5 Scenario 5

Pre-transport check at X Pa.m®.s; rantees, for all these contents, that:

sport conditions is less than 10 Ay/hr as long as the content has an
Y(X) A2/g,

o the release in accident conditions in transport is less than 1 A, in one week as long as the content
has an'ac less than Z(X) A2/g.

e the release in
activity less th

The values obta % Y and Z(X) based on the criterion X checked before transport are as follows: (Tables
3.4-22 10

'
e rangport check Pre-transport check Maximum activity Maximum activity

SLR) in lusec (SLR) in Pa.m®s™ (NTC) (TAC)
in A2/g in A2/g

2 2.66E-04 47 2200

1 1.33E-04 94 4441

0,5 6.65E-05 191 8977

0,1 1.33E-05 987 46353

French Atomic Energy Commission

Cadarache centre - DPIE/SET- Building 220 - 13108 Saint-Paul-lez-Durance

Tel.: (33) 04 42 25 26 24 - Fax: (33) 04 42 25 61 59 — Email: dtapset@drncad.cea.fr
Industrial and commercial public service
R.C.S PARIS B 775685019




8

CONCLUSION

Note that according to the previous analyses, and despite the envisage conservative hypotheses, the release

accident conditions in transport.

from package model TN-BGC 1 largely satisfies the criteria imposed by the regulations under both normal and

The table below summarises for each family of contents the parameters to be checked before transport to

ensure compliance with the regulatory criteria.

o

Case

Pre-transport check (SLR) in

Maximum Vi

Pam’s™ in A2/g or in Ai/m3 ntent 3)
1A - contents 1, 3, 5, 8 (pellets 2.66E-04 %
only) 9, 10, 15, 18, 19, 20 and 23 1.33E-04 1
6.65E-05 352
1.33E-05 1799
1B - contents 1, 3, 5, 8 (pellets 2.66E-04 15
only) 9, 10, 15, 18, 19, 20 and 23 1.33E-04 31
6.65E-05 63
1.3354% 331
1C - contents 1, 3, 5, 8 (pellets 2% 78
only) 9, 10, 15, 18, 19, 20 and 23 1.33E.04 158
-05 318
" 1.33E-05 1635
1D - contents 1, 3, 5, 8 (pellets 2.66E-04 14
only) 9, 10, 15, 18, 19, 20 and 133E-04 ’8
Q 6.65E-05 56
1.33E-05 296
2 - contents 2, 4 (anly), 6.65E-05 44
11 26
- content 6 6.65E-05 0,164
k; content 7 6.65E-05 22
5 - content 8 2.66E-04 47
1.33E-04 94
6.65E-05 191
1.33E-05 987
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TABLE 3.4-1: MAIN CHARACTERISTICS OF TRANSPORTED CONTENTS

CNT CAT
Pression dans la| T (K) joints ... | Pressiondans | T (K)joints -
TIREREES TR EREEE cavité (bar) emballage T la cavité (bar) emballage T () eeviie
Cas la - Pth 349 W - cas general 1, 3, 5, 8 (pastilles uniquement) 9, 10, 15, 18, 19, 1,79 400 515 1,03 500 55
- teneur en eau inférieure a 0,5% 20 et 23
Cas 1b - Pth 340 W - cas général y .
- teneur en eau supérieure a 1,3,5, 8 (pastilles uniquement) 9, 10, 15, 18, 19, 9,5 400 515 11 500 54
20 et 23
0,5%
Cas 1c - Pth 4x20W (présence de . .
housses) - cas général - teneur 1.3, 5, 8 (pastilles uniquement) 9, 10, 15, 18, 19, 1,79 342 515* 3,38 372 490
R N 20 et 23
en eau inférieure a 0,5%
Cas 1d - Pth 4x20W (présence de . .
housses) - cas général - teneur 1,3,5, 8 (pastilels ungiuemen) 9, 10, 15, 18, 19, 9,5 342 515* 1 372 490
P 5 20et23
en eau supérieure a 0,5%
Cas 2 - Pth nulle - cas général 2, 4, 7 (pastilles uniquement) 11 et 26 1,2 400 1 500 474
Cas 3- Pthn%llle - cas du nitrate 6 251 400 0 3,03 500 474
d'uranyle
Cas 4 - Pth nulle - cas particulier 7 (Crayons) 19 40 330 273 500 474
des crayons d'oxyde d'uranium
Cas 5 - Pth 340 W - cas particlier
des crayons d'oxyde mixte 8 (Crayons) 3 400 536 3,38 462 587
d'uranium-plutonium

(*) TCNT >TCAT car en CNT, les températures prises en co

(*) TCNT > TCAT for in NTC, the temperatures taken into account correspond to a load of 340 W

French Atomic Energy Commission
Cadarache centre - DPIE/SET- Building 220 - 13108 Saint-Paul-lez-Durance
Tel.: (33) 04 42 25 26 24 - Fax: (33) 04 42 25 61 59 — Email: dtapset@drncad.cea.fr
Industrial and commercial public service

R.C.

S PARIS B 775685019

SOl

celles correspondant a un chargement de 340 W




CNT NCT
CAT HAC
Type de cas Type of scenario

Type de contenu

Type of content

Pression dans la cavité

Pressure in the cavity

T (K) joints emballage

T (K) packaging joints

T (K) cavité

T (K) cavity

Pression dans la cavité

Pressure in the cavity

T (K) joints emballage

T (K) packaging joints

T (K) cavité

ﬁ

T (K) cavity

Cas la - Pth 340 W - cas général - teneur en | Scenario 1a - Pth 340 W - general case
eau inférieure & 0.5% water content less than 0.5%
Cas 1b - Pth 340 W - cas général - teneur en | Scenario 1a - Pth 340 W - eral case -

eau supérieure a 0.5%

water content more than 0.5

(pastilles uniguement)

(pellets only)

Cas 1c - Pth 4x20W (présence de housses) -
cas général - teneur en eau inférieure a 0.5%

Scenario 1c - Pth 4 x 20 neral case -

Cas 1d - Pth 4x20W (présence de housses) -
cas général - teneur en eau supérieure a
0.5%

water content less than 0.5%
Scenario 1d - P 0 W - general case -
water conten han 0.5%

Cas 2 - Pth nulle - cas général

Cas 3 - Pth nulle - cas du nitrate d’uranyl

nil - uranyl nitrate

Cas 4 - Pth nulle - cas particulier des crayons
d’oxyde d’'uranium

Cas 5 - Pth 340 W - cas particulier des
crayons d'oxyde mixte d'uranium-plutoniu

Pth nil - uranium oxide rods
5 - Pth 340 W - special case of

mixgs uranium-plutonium oxide rods

crayons

rods

Y4

N
O
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TABLE 3.4-2: EXTRUSION TEMPERATURE OF JOINTS DELIMITING THE CONTAINMENT

Configuration B(M) - Viton

Configuration B(U) - THT silicon joints joints
COMPONENT: Vessel head Staubli plug Vessel head | Staubli K
input data for the throat: O
average diameter 203.1 36.45 203.1 5
depth 4.78 25 4.78
inlet (in pte) 6.5 3.1 6.5 .
bottom radius 0.7 0.3 0.7 0.3
inlet radius 0.3 0.15 0.15
angle 30 30 3 30
input data for the joint:
average diameter 197.64 197.64 33.27
feedring diameter 6.95 7 3.63

intermediate calculations
k
h
beta

A

A2

A

A

A

A

Total area

6.009734287
4.797298721
1.0471975
26.2891969
13.26
3.014923106
.0262536
1769145
0.188495559
43.71364729

6.926529206
3.41
0.710140831
0.188495559
0.077942286
0.04712389
11.26598399

6.009734287
4.797298721
1.047197551
26.28919699
13.26
3.014923106
1.0262536
0.311769145
0.188495559
43.71364729

2.993375673
2473760431
1.047197551
6.926529206
3.41
0.710140831
0.188495559
0.077942286
0.04712389
11.26598399

output data
throat volume
inlet (in radius)

joint volume
volume ratiQ
stretchin’g<
flattemﬁx

)4

27891.8191
6.846410162
23555.05965
1.184111588
1.027625987
0.687769784

1290.079681
3.273205081
1081.697448
1.192643732
1.095581605
0.688705234

27891.8191
6.846410162
23895.20052
1.167256122
1.027625987
0.682857143

1290.079681
3.273205081
1081.697448
1.192643732
1.095581605
0.688705234

int expansion coefficient

trusion temperature

0.000274

231.4880604

0.000274

240.7396795

0.000227

253.056677

0.000227

286.4434898

TABLE 3.4-3: SCENARIO 1 - PTH 340 W - GENERAL CASE - WATER CONTENT LESS THAN 0.5% -
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1.33.10° PA.M®>.S™ (0.1 LUSEC) SLR



Conditions de calcul SLR CNT CAT Unités
Caractéristiques du contenu
Rapport Am/A2éq Am_A2 1799 88014 A2/g
Caractéristiques de la cavité
Plus petit diametre de joint de I'emballage] a 3,53E-03 3,53E-03 3,53E-03 O
Température des joints T 298 400 500
Nature du fluide porteur Air Air Air
Masse molaire du fluide porteur M 0,029 0,029 0,0 kg/mol
ViSCOSitétggnggigfufgrte”r ala m 1,840E-05 | 2,290E-05 2,6 Pas
Pression amont Pu 101 300 179 000 19 0 Pa
Pression aval Pd 0 60 00 0 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissible R J78E-10 1,65E-06 A2/s
Débit volume de fuite L 1,54399E-10 1,49097E-10 m3/s
Taux de fuite Q 1,33 2,76E-05 2,88E-05 Pa.m3/s
Diamétre de capillaire équivalent D D 8,€8E-06 8,68E-06 8,68E-06 m

Conditions de calcul

Calculation conditions

Caractéristiques du contenu

Characteristics of the content

Rapport Am/A2éq

Am/A2eq ratio

Characteristics of the cavity

Caractéristiques de la cavité
Plus petit diamétre de‘joint de I'emballage

Smallest packaging joint diameter

Température des joi

Joint temperature

Nature du fluide porte

Type of carrier fluid

Masse molaire du fluide porteur

Molar mass of the carrier fluid

Viscosité du-fluide porteur a la temperature

Viscosity of the carrier fluid at temperature

Pression amont

Upstream pressure

Pression aval =~

Downstream pressure

Activity concentration of the carrier fluid

Permitted activity release rate

Leak volume flow rate

Leak rate

Diametre de capillaire équivalent D

Equivalent capillary diameter D
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TABLE 3.4-4: SCENARIO 1 - PTH 340 W - GENERAL CASE - WATER CONTENT LESS THAN 0.5% -
6.65.10° PA.M>.S™ (0.5 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiqgues du contenu
Rapport Am/A2éq Am_A2 352 17371 A;éo
Caractéristiques de la cavité
Plus petit diameétre de joint de I'emballage] a 3,53E-03 3,53E-03 3,53E-0 m
Température des joints T 298 400 00 K
Nature du fluide porteur Air Air Al
Masse molaire du fluide porteur M 0,029 0,029 29 kg/mol
ViSCOSitétgr‘ilggigfufgrte”r ala m | 1840805 | 2,290E- 2,670E-05 Pa.s
Pression amont Pu 101 300 9 193 000 Pa
Pression aval Pd 0 0 60 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissiblg R / 2,78E-10 1,65E-06 A2/s
Débit volume de fuite 7,88605E-10 7,55431E-10 m3/s
Taux de fuite 6,65E-05 1,41E-04 1,46E-04 Pa.m3/s
Diamétre de capillaire équivalent 1,32E-05 1,32E-05 1,32E-05 m
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TABLE 3.4-5: SCENARIO 1 - PTH 340 W - GENERAL CASE - WATER CONTENT LESS THAN 0.5% -
1.33.10* PA.M®.S™? (1 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiqgues du contenu O
Rapport Am/A2éq Am_A2 175 8647
Caractéristiques de la cavité
Plus petit diameétre de joint de I'emballage] a 3,53E-03 3,53E-03 3,53E m
Température des joints T 298 400 K
Nature du fluide porteur Air Air i
Masse molaire du fluide porteur M 0,029 0,029 0,029 kg/mol
Viscosité du fltfide porteur a la m 1,840E-05 2, 2.670E-05 Pas
température
Pression amont Pu 101 300 193 000 Pa
Pression aval Pd 0 000 60 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissiblg R / 2,78E-10 1,65E-06 A2/s
Débit volume de fuite L 1,58856E-09 1,51766E-09 m3/s
Taux de fuite 1,33E-04 2,84E-04 2,93E-04 Pa.m3/s
Diamétre de capillaire équiv. D 1,57E-05 1,57E-05 1,57E-05 m

»‘

O
S
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TABLE 3.4-6: SCENARIO 1 - PTH 340 W - GENERAL CASE - WATER CONTENT LESS THAN 0.5% -

2.66.10* PA.M*.S™ (2 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiques du contenu
Rapport Am/A2éq Am_A2 87 4307 A
Caractéristiques de la cavité
Plus petit diamétre de joint de I'emballage] a 3,53E-03 3,53E-03 3,63E-03 m
Température des joints T 298 400 5 K
Nature du fluide porteur Air Air \Ar
Masse molaire du fluide porteur M 0,029 0,029 0,029 kg/mol
Viscosité du fILfide porteur a la m 1,840E-05 90E-0 2.670E-05 Pas
température
Pression amont Pu 101 300 0 193 000 Pa
Pression aval Pd 60 000 60 000 Pa
Activité volumique du fluide porteur C y Bg/m3
Taux de relachement d'activité admissiblg 2,78E-10 1,65E-06 A2/s
Débit volume de fuite 3,19673E-09 3,04706E-09 m3/s
Taux de fuite 2,66E-04 5,72E-04 5,88E-04 Pa.m3/s
Diametre de capillaire équivalent D D 1,88E-05 1,88E-05 1,88E-05 m

»t

O
S
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TABLE 3.4-7: SCENARIO 1 - PTH 340 W - GENERAL CASE - WATER CONTENT MORE THAN 0.5% -
1.33.10° PA.M?.S? (0.1 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiqgues du contenu
Rapport Am/A2éq Am_A2 331 15645 A;éo
Caractéristiques de la cavité
Plus petit diameétre de joint de I'emballage] a 3,53E-03 3,53E-03 3,53E-0 m
Température des joints T 298 400 00 K
Nature du fluide porteur Air Air Al
Masse molaire du fluide porteur M 0,029 0,029 VZQ kg/mol
ViSCOSitétgr‘ilggigfufgrte”r ala m | 1840805 | 2,290E- 2,670E-05 Pa.s
Pression amont Pu 101 300 0 1100 000 Pa
Pression aval Pd 0 0 60 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissiblg R / 2,78E-10 1,65E-06 A2/s
Débit volume de fuite 8,40403E-10 8,38744E-10 m3/s
Taux de fuite 1,33E-05 7,98E-04 9,23E-04 Pa.m3/s
Diamétre de capillaire équivalent 8,68E-06 8,68E-06 8,68E-06 m
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TABLE 3.4-8: SCENARIO 1 - PTH 340 W - GENERAL CASE - WATER CONTENT LESS THAN 0.5% -
6.65.10° PA.M>.S™ (0.5 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiqgues du contenu O
Rapport Am/A2éq Am_A2 63 2979
Caractéristiques de la cavité
Plus petit diameétre de joint de I'emballage] a 3,53E-03 3,53E-03 3,53E m
Température des joints T 298 400 K
Nature du fluide porteur Air Air i
Masse molaire du fluide porteur M 0,029 0,029 0,029 kg/mol
Viscosité du fltfide porteur a la m 1,840E-05 2, 2.670E-05 Pas
température
Pression amont Pu 101 300 1100 000 Pa
Pression aval Pd 0 000 60 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissiblg R / 2,78E-10 1,65E-06 A2/s
Débit volume de fuite L 4,41964E-09 4,40512E-09 m3/s
Taux de fuite 6,65E-05 4,20E-03 4,85E-03 Pa.m3/s
Diamétre de capillaire équiv. D 1,32E-05 1,32E-05 1,32E-05 m

»‘
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TABLE 3.4-9: SCENARIO 1 - PTH 340 W - GENERAL CASE - WATER CONTENT MORE THAN 0.5% -
1.33.10* PA.M®.S™? (1 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiqgues du contenu
Rapport Am/A2éq Am_A2 31 1465 A;éo
Caractéristiques de la cavité
Plus petit diameétre de joint de I'emballage] a 3,53E-03 3,53E-03 3,53E-0 m
Température des joints T 298 400 00 K
Nature du fluide porteur Air Air Al
Masse molaire du fluide porteur M 0,029 0,029 VZQ kg/mol
ViSCOSitétgr‘ilggigfufgrte”r ala m | 1840805 | 2,290E- 2,670E-05 Pa.s
Pression amont Pu 101 300 0 1100 000 Pa
Pression aval Pd 0 0 60 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissiblg R / 2,78E-10 1,65E-06 A2/s
Débit volume de fuite 8,98789E-09 8,95461E-09 m3/s
Taux de fuite 1,33E-04 8,54E-03 9,85E-03 Pa.m3/s
Diamétre de capillaire équivalent 1,57E-05 1,57E-05 1,57E-05 m
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TABLE 3.4-10: SCENARIO 1 - PTH 340 W - GENERAL CASE - WATER CONTENT MORE THAN 0.5% -

2.66.10* PA.M*.S™ (2 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiqgues du contenu
Rapport Am/A2éq Am_A2 15 723 A;éo
Caractéristiques de la cavité
Plus petit diameétre de joint de I'emballage] a 3,53E-03 3,53E-03 3,53E-0 m
Température des joints T 298 400 00 K
Nature du fluide porteur Air Air Al
Masse molaire du fluide porteur M 0,029 0,029 VZQ kg/mol
ViSCOSitétgr‘ilggigfufgrte”r ala m | 1840805 | 2,290E- 2,670E-05 Pa.s
Pression amont Pu 101 300 0 1100 000 Pa
Pression aval Pd 0 0 60 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissiblg R / 2,78E-10 1,65E-06 A2/s
Débit volume de fuite 1,82328E-08 1,81589E-08 m3/s
Taux de fuite 2,66E-04 1,73E-02 2,00E-02 Pa.m3/s
Diamétre de capillaire équivalent 1,88E-05 1,88E-05 1,88E-05 m
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TABLE 3.4-11: SCENARIO 1 -PTH 4 X 20 W - GENERAL CASE - WATER CONTENT LESS THAN 0.5% -

1.33.10° PA.M?.S? (0.1 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiqgues du contenu
Rapport Am/A2éq Am_A2 1635 41185 AZ;éO
Caractéristiques de la cavité
Plus petit diameétre de joint de I'emballage] a 3,53E-03 3,53E-03 3,53E-0 m
Température des joints T 298 342 72 K
Nature du fluide porteur Air Air Al
Masse molaire du fluide porteur M 0,029 0,029 VZQ kg/mol
ViSCOSitétgr‘ilggigfufgrte”r ala m | 1840805 | 2,040E- 2,170E-05 Pa.s
Pression amont Pu 101 300 9 338 000 Pa
Pression aval Pd 0 0 60 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissiblg R / 2,78E-10 1,65E-06 A2/s
Débit volume de fuite 1,69878E-10 3,18626E-10 m3/s
Taux de fuite 1,33E-05 3,04E-05 1,08E-04 Pa.m3/s
Diamétre de capillaire équivalent 8,68E-06 8,68E-06 8,68E-06 m
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TABLE 3.4-12: SCENARIO 1 -PTH 4 X 20 W - GENERAL CASE - WATER CONTENT LESS THAN 0.5% -

6.65.10° PA.M>.S™ (0.5 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiqgues du contenu
Rapport Am/A2éq Am_A2 318 7930 AZ;éO
Caractéristiques de la cavité
Plus petit diameétre de joint de I'emballage] a 3,53E-03 3,53E-03 3,53E-0 m
Température des joints T 298 342 72 K
Nature du fluide porteur Air Air Al
Masse molaire du fluide porteur M 0,029 0,029 VZQ kg/mol
ViSCOSitétgr‘ilggigfufgrte”r ala m | 1840805 | 2,040E- 2,170E-05 Pa.s
Pression amont Pu 101 300 9 338 000 Pa
Pression aval Pd 0 0 60 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissiblg R / 2,78E-10 1,65E-06 A2/s
Débit volume de fuite 8,73205E-10 1,65486E-09 m3/s
Taux de fuite 6,65E-05 1,56E-04 5,59E-04 Pa.m3/s
Diamétre de capillaire équivalent 1,32E-05 1,32E-05 1,32E-05 m
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TABLE 3.4-13: SCENARIO 1 -PTH 4 X 20 W - GENERAL CASE - WATER CONTENT LESS THAN 0.5% -

1.33.10* PA.M®.S™? (1 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiqgues du contenu
Rapport Am/A2éq Am_A2 158 3915 A;éo
Caractéristiques de la cavité
Plus petit diameétre de joint de I'emballage] a 3,53E-03 3,53E-03 3,53E-0 m
Température des joints T 298 342 72 K
Nature du fluide porteur Air Air Al
Masse molaire du fluide porteur M 0,029 0,029 VZQ kg/mol
ViSCOSitétgr‘ilggigfufgrte”r ala m | 1840805 | 2,040E- 2,170E-05 Pa.s
Pression amont Pu 101 300 9 338 000 Pa
Pression aval Pd 0 0 60 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissiblg R / 2,78E-10 1,65E-06 A2/s
Débit volume de fuite 1,76267E-09 3,35188E-09 m3/s
Taux de fuite 1,33E-04 3,16E-04 1,13E-03 Pa.m3/s
Diamétre de capillaire équivalent 1,57E-05 1,57E-05 1,57E-05 m

French Atomic Energy Commission

Cadarache centre - DPIE/SET- Building 220 - 13108 Saint-Paul-lez-Durance

Tel.: (33) 04 42 25 26 24 - Fax: (33) 04 42 25 61 59 — Email: dtapset@drncad.cea.fr
Industrial and commercial public service

R.C.S PARIS B 775685019



TABLE 3.4-14: SCENARIO 1 - PTH 4 X 20 W - GENERAL CASE - WATER CONTENT LESS THAN 0.5% -
2.66.10* PA.M*.S™ (2 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiqgues du contenu O
Rapport Am/A2éq Am_A2 78 1936
Caractéristiques de la cavité
Plus petit diameétre de joint de I'emballage] a 3,53E-03 3,53E-03 3,53E m
Température des joints T 298 342 K
Nature du fluide porteur Air Air i
Masse molaire du fluide porteur M 0,029 0,029 0,029 kg/mol
ViSCOSitétgr‘i]ggigfufgrte”r ala m 1,840E-05 | 2, 2,170E-05 Pas
Pression amont Pu 101 300 338 000 Pa
Pression aval Pd 0 000 60 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissiblg R / 2,78E-10 1,65E-06 A2/s
Débit volume de fuite L 3,55347E-09 6,77667E-09 m3/s
Taux de fuite 2,66E-04 6,36E-04 2,29E-03 Pa.m3/s
Diamétre de capillaire équiv. D 1,88E-05 1,88E-05 1,88E-05 m

»‘

O
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TABLE 3.4-15: SCENARIO 1 - PTH 4 X 20 W - GENERAL CASE - WATER CONTENT MORE THAN 0.5% -
1.33.10° PA.M?.S? (0.1 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiques du contenu
Rapport Am/A2éq Am_A2 296 12842 AZ;éO
Caractéristiques de la cavité
Plus petit diamétre de joint de I'emballage] a 3,53E-03 3,53E-03 3,53E-0 m
Température des joints T 298 342 72 K
Nature du fluide porteur Air Air Al
Masse molaire du fluide porteur M 0,029 0,029 VZQ kg/mol
Viscos"i:ﬁqggi;?u‘?g”e”r ala m 1,840E-05 | 2,040E- 2,170E-05 Pa.s
Pression amont Pu 101 300 0 1100 000 Pa
Pression aval Pd 0 0 60 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissiblg R / 2,78E-10 1,65E-06 A2/s
Débit volume de fuite 9,38543E-10 1,02183E-09 m3/s
Taux de fuite 1,33E-05 8,92E-04 1,12E-03 Pa.m3/s
Diamétre de capillaire équivalent 8,68E-06 8,68E-06 8,68E-06 m
Marge de s(reté / critere 'gleWe 1 1
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TABLE 3.4-16: SCENARIO 1 - PTH 4 X 20 W - GENERAL CASE - WATER CONTENT MORE THAN 0.5% -
6.65.10° PA.M>.S™ (0.5 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiques du contenu
Rapport Am/A2éq Am_A2 56 2437 A;éo
Caractéristiques de la cavité
Plus petit diamétre de joint de I'emballage] a 3,53E-03 3,53E-03 3,53E-0 m
Température des joints T 298 342 72 K
Nature du fluide porteur Air Air Al
Masse molaire du fluide porteur M 0,029 0,029 VZQ kg/mol
Viscos"i:ﬁqggi;?u‘?g”e”r ala m 1,840E-05 | 2,040E- 2,170E-05 Pa.s
Pression amont Pu 101 300 0 1100 000 Pa
Pression aval Pd 0 0 60 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissiblg R / 2,78E-10 1,65E-06 A2/s
Débit volume de fuite 4,94429E-09 5,38453E-09 m3/s
Taux de fuite 6,65E-05 4,70E-03 5,92E-03 Pa.m3/s
Diamétre de capillaire équivalent 1,32E-05 1,32E-05 1,32E-05 m
Marge de s(reté / critere 'gleWe 1 1
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TABLE 3.4-17: SCENARIO 1 - PTH 4 X 20 W - GENERAL CASE - WATER CONTENT MORE THAN 0.5% -
1.33.10* PA.M®.S™? (1 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiques du contenu O
Rapport Am/A2éq Am_A2 28 1198
Caractéristiques de la cavité
Plus petit diameétre de joint de I'emballage] a 3,53E-03 3,53E-03 3,53E m
Température des joints T 298 342 K
Nature du fluide porteur Air Air i
Masse molaire du fluide porteur M 0,029 0,029 0,029 kg/mol
Viscosité du fILfide porteur a la m 1,840E-05 2, 2.170E-05 Pas
température
Pression amont Pu 101 300 1100 000 Pa
Pression aval Pd 0 000 60 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissiblg R / 2,78E-10 1,65E-06 A2/s
Débit volume de fuite L 1,00604E-08 1,09571E-08 m3/s
Taux de fuite 1,33E-04 9,56E-03 1,21E-02 Pa.m3/s
Diamétre de capillaire équiva)éh& D 1,57E-05 1,57E-05 1,57E-05 m
Marge de s(reté / critere réglementaire 1 1
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TABLE 3.4-18: SCENARIO 1 - PTH 4 X 20 W - GENERAL CASE - WATER CONTENT MORE THAN 0.5% -

2.66.10" PA.M*.S™ (2 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiques du contenu
Rapport Am/A2éq Am_A2 14 590 A2/g O
Caractéristiques de la cavité
Plus petit diamétre de joint de I'emballage] a 3,53E-03 3,53E-03 3,53E-03 m
Température des joints T 298 342 372 K
Nature du fluide porteur Air Air
Masse molaire du fluide porteur M 0,029 0,029 0,029 kg/mol
Viscosité du fILfide porteur a la m 1,840E-05 2.040E-0 0E-05 Pas
température
Pression amont Pu 101 300 950 00 1100 000 Pa
Pression aval Pd 0 60 O 60 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissiblg R 2,78E-10 1,65E-06 A2/s
Débit volume de fuite L P 4 2,04179E-08 2,22395E-08 m3/s
Taux de fuite 2,66E-04 1,94E-02 2,45E-02 Pa.m3/s
Diamétre de capillaire équivalent D 1,88E-05 1,88E-05 1,88E-05 m
Marge de s(reté / critere réglemental 1 1
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TABLE 3.4-19: SCENARIO 2 - NIL PTH - 6.65.10" PA.M®.S™ (5 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiques du contenu
Rapport Am/A2éq A2/g 44 1698 A2/g O
Caractéristiques de la cavité
Plus petit diamétre de joint de I'emballage a 3,53E-03 3,53E-03 3,53E-03 m
Température des joints T 298 400 500 K
Nature du fluide porteur Air Air Air
Masse molaire du fluide porteur M 0,029 0,029 kg/mol
Viscosité du quidger;ojr:ianli;a la température m 1,843E-05 2,290E-0 2.670E-05 Pas
Pression amont Pu 101 300 120:000 172 000 Pa
Pression aval Pd 0 5 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissible R 2,78E-10 1,65E-06 A2/s
Débit volume de fuite L 6,32121E-09 7,72754E-09 m3/s
Taux de fuite Q 6,65E-04 7,59E-04 1,33E-03 Pa.m3/s
Diameétre de capillaire équivalent D 2,38E-05 2,38E-05 2,38E-05 m
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TABLE 3.4-20: SCENARIO 3 - NIL PTH - URANYL NITRATE - 6.65.10™ PA.M®.S™ (5 LUSEC) SLR

Calcul du diamétre de capillaire pour un test en air (Equation de Knudsen)

Parametre Unité
Pam Pression atmosphérique Pa
a Longueur du capllaire de fuite m
7] Viscosité du gaz a 25°C Pa.s
Pav Pression =0 Pa
Tj Température des joints (25°C) K
Masse molaire du gaz kg/mol
D Diamétre du capillaire de fuite m

Valeur
1,01E+05
3,53E-03
1,84E-05
0,00E+00

298
0,029
2,38E-05

o\

Ajustement du diametre de capillaire équivalent pour atteindre le débit de fuite (Equation de Knudsen)

<

Paramétre Unité CNT
D Diamétre du capillaire de fuite m 2,38E-05
Pam Pression interne Pa 2 3,03E+05
a Longueur du capillaire de fuite m 3,53E-03 3,53E-03
1] Viscosité de I'eau Pa.s 2,50E-04 2,82E-04
Pav Pression externe Pa 6,00E+04 6,00E+04
Tj Température K 400 500
M Masse molaire du NU kg/mol 0,029 0,029
L Flux de fuite de I'emballage @3 -1 1,69E-09 1,91E-09
Calcul de I'activité massique du contenu ’
R= A2/h (CNT) ou A2 /semaine (CAT) 1,00E-06 1

[n2rs [ 27810 1,65E-06
Cmax = A2/m3 1,64E-01 8,67E+02
Cmax = Bg/m3 0,00E+00 0,00E+00

A
’YS;
Y
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Calcul du diamétre de capillaire pour un test
en air

Calculating the capillary tube diameter for an
air test

Equation de Knudsen

Knudsen equation

Parametre Parameter
Unité Unit
Valeur Value

Pression atmosphérique

Atmospheric pressure

Longueur de capillaire de fuite

Length of leak capillary

Viscosité du gaz a 25°C

Viscosity of the gas at 25°C

Pression

Pressure

Température des joints

Joint temperature

Masse molaire du gaz

Molar mass of the gas

Diamétre du capillaire de fuite

Diameter of the leak capillary

Ajustement du diamétre de capillaire
équivalent pour atteindre le débit de fuite

Adjusting the equivalent ry diameter to

achieve the leak flow rate

Pression interne

Internal pressure

Viscosité de I'eau

Viscosity of th

Pression externe

External pre

Température

Temperature

Masse molaire du NU

Molar ma

Flux de fuite de I'emballage

Calcul de I'activité massique du contenu

A2/h (CNT) ou A2/semaine (CAT)

Packaging leak flux
Calculating the specific activity of the content
NTC) or A2/week (TAC)

Q
¢SO
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TABLE 3.4-21: SCENARIO 4 - NIL PTH - URANIUM OXIDE RODS - 6.65.10-4 PA.M3.S-1 (5 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiques du contenu
Rapport Am/A2éq A2/g 22 960 A2/g
Caractéristiques de la cavité
Plus petit diamétre de joint de I'emballage a 3,53E-03 3,53E-03 3,53E-03
Température des joints T 298 400 500 K
Nature du fluide porteur Air Air
Masse molaire du fluide porteur M 0,029 0,029 kg/mol
Viscosité du quidger;ojr:ianL:;é la température m 1,843E-05 2,.290E-05 05 Pas
Pression amont Pu 101 300 28 000 Pa
Pression aval Pd 0 60 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissible R 2,78E-10 1,65E-06 A2/s
Débit volume de fuite L 1,24991E-08 1,36703E-08 m3/s
Taux de fuite Q 6,65E-04 3,29E-03 4,48E-03 Pa.m3/s
Diameétre de capillaire équivalent D D 2,38E-05 2,38E-05 2,38E-05 m
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TABLE 3.4-22: SCENARIO 5 - PTH 340 W - URANIUM-PLUTONIUM MIXED OXIDE RODS - 1.33.10°
PA.M3S™ (0.1 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiques du contenu O
Rapport Am/A2éq A2/g 987 46353 A2/g
Caractéristiques de la cavité
Plus petit diameétre de joint de I'emballage a 3,53E-03 3,53E-03 3,53 m
Température des joints T 298 400 462 K
Nature du fluide porteur Air Air ir
Masse molaire du fluide porteur M 0,029 ,029 kg/mol
Viscosité du fluidgep:)jgienut;a la température m 1,843E-05 2.530E-05 Pas
Pression amont Pu 101 300 343 000 Pa
Pression aval Pd 0 60 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissible R 2,78E-10 1,65E-06 A2/s
Débit volume de fuite L 2,81511E-10 2,83102E-10 m3/s
Taux de fuite Q 1,33E-05 8,81E-05 9,71E-05 Pa.m3/s
Diamétre de capillaire équivalent D 8,68E-06 8,68E-06 8,68E-06 m
A
’YS;
Y
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TABLE 3.4-23: SCENARIO 5 - PTH 340 W - URANIUM-PLUTONIUM MIXED OXIDE RODS - 6.65.10°
PA.M3S™ (0.5 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiques du contenu
Rapport Am/A2éq A2/g 191 8977 A2 O
Caractéristiques de la cavité
Plus petit diameétre de joint de I'emballage a 3,53E-03 3,53E-03 3,53E-03 m
Température des joints T 298 400 K
Nature du fluide porteur Air Air
Masse molaire du fluide porteur M 0,029 0,029 9 kg/mol
Viscosité du fluidgep:)jgienut;a la température m 1,843E-05 2,290 '530E-05 Pas
Pression amont Pu 101 300 313 343 000 Pa
Pression aval Pd 0 60 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissible R 2,78E-10 1,65E-06 A2/s
Débit volume de fuite L 1,45705E-09 1,46178E-09 m3/s
Taux de fuite Q 6,65E-05 4,56E-04 5,01E-04 Pa.m3/s
Diamétre de capillaire équivalent D 1,32E-05 1,32E-05 1,32E-05 m

N\

French Atomic Energy Commission

Cadarache centre - DPIE/SET- Building 220 - 13108 Saint-Paul-lez-Durance

Tel.: (33) 04 42 25 26 24 - Fax: (33) 04 42 25 61 59 — Email: dtapset@drncad.cea.fr
Industrial and commercial public service

R.C.S PARIS B 775685019



TABLE 3.4-24: SCENARIO 5 - PTH 340 W - URANIUM-PLUTONIUM MIXED OXIDE RODS - 1.33.10™
PA.M%S™ (1 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiques du contenu O
Rapport Am/A2éq A2/g 94 4441 A2/g
Caractéristiques de la cavité
Plus petit diameétre de joint de I'emballage a 3,53E-03 3,53E-03 3,53 m
Température des joints T 298 400 462 K
Nature du fluide porteur Air Air ir
Masse molaire du fluide porteur M 0,029 ,029 kg/mol
Viscosité du fluidgep:)jgienut;a la température m 1,843E-05 2.530E-05 Pas
Pression amont Pu 101 300 343 000 Pa
Pression aval Pd 0 60 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissible R 2,78E-10 1,65E-06 A2/s
Débit volume de fuite L 2,94792E-09 2,95517E-09 m3/s
Taux de fuite Q 1,33E-04 9,23E-04 1,01E-03 Pa.m3/s
Diamétre de capillaire équivalent D 1,57E-05 1,57E-05 1,57E-05 m
A
’YS;
Y
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TABLE 3.4-25: SCENARIO 5 - PTH 340 W - URANIUM-PLUTONIUM MIXED OXIDE RODS - 2.66.10™

PA.M%S™ (2 LUSEC) SLR

Conditions de calcul SLR CNT CAT Unités
Caractéristiques du contenu
Rapport Am/A2éq A2/g 47 2200 A2/g
Caractéristiques de la cavité
Plus petit diamétre de joint de I'emballage a 3,53E-03 3,53E-03 3,53E-03
Température des joints T 298 400 462 K
Nature du fluide porteur Air Air
Masse molaire du fluide porteur M 0,029 0,029 kg/mol
Viscosité du fluidgep:)jgienut;a la température m 1,843E-05 2.290E-05 2, 05 Pas
Pression amont Pu 101 300 313 43 000 Pa
Pression aval Pd 0 60 60 000 Pa
Activité volumique du fluide porteur C Bg/m3
Taux de relachement d'activité admissible R ,78E-10 1,65E-06 A2/s
Débit volume de fuite L 5,9543E-09 5,96499E-09 m3/s
Taux de fuite Q 2, -04 1,86E-03 2,05E-03 Pa.m3/s
Diamétre de capillaire équivalent D D 1,88E-05 1,88E-05 1,88E-05 m
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