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ABSTRACT

A general survey of BR2 fuel irradiations for high-temperature gas-cooled
reactors is given.

Moreover, a universal capsule-type irradiation device (rig) is described in
detail, together with its fission product sweep loop. Calculation inethods, and
results, for the thermal characteristics of the rig and for radioactive isotope
transport are explained.
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Summary . ' b

The Belgian Materials Testing Reactor BR2 (MOL,
Belgium) has been used as a test irradiation facility for HTGR* .fuel and
graphite specimens since 1963, (Ref., 17, 18, 19),

The present report deals with coated particles
irradiation devices, partiéular]y with the universal facility called
Coated Particles Unit Rig (C P.U.R.) wh1ch can be used for a large varlety
of parameters : ‘ o : S :

- loose coated particles, compacts or "coupons",

- fuel temperatures between 900°C and 1500°C,

. - low enrichment. or thorium=containing fuel,

- rig linear fission rating between 50 and 500 W/cm,.

The first C.P.U.R. has been irradiated in BR2 from
September 1970, to April, 1971, at 1350°C maximum fuel temperature.

The second C.P.U.Rs; has been under irradiation
since the middle of February, 1971, with maximum fuel temperatures
about 1200°C, : o

Rigs nr 03 and O4 are under fabrication, and the
layout of two further rigs is being finalized.

Under operation; the main difficulties encountered
with high-temperature fuel irradiations in BR2 were :

a. in-pile sections (rigs) :

- primary containment (capsule) leaks,
~ thermocouple failures,

b, out=-pile equipment (sweep loops) :

- unreliable liquid nitrogen supply for cold purification traps,

- inaccurate measurement of low level moisture and oxygen impurities in
the sweep gas,

- problems related with high activity release to the reactor orf-gas
‘system when depressurizing at elevated fuel R/B rates,

-~ difficult control and measurement of very low gas flow ratess

* HTGR = High-Temperature Gas-cooled Reactor.
Within the scope of the present report, this term is used in its general
meaning and not in correlation to a specific reactor development programm:



1. General.

: The first nuclear reactor ever built was a gas-
cooled graphite-moderated assembly (CP-1, 1942). But, in spite of nearly
30 years of age, this type of reactor is still highly attractive *, and
a large amount of R & D work is devoted to its advanced versions.

Irradiation testing programmes are concentrated
on graphite (e.g., ref. 29) and coated particle fuels (ref. 2, 7, 13, 15,
etc.),. the behaviour of wh1ch has been predicted by mathematical models
. (ref. 1 and 6).

) : BR2 offers a large variety of irradiation condi-
t1ons for HTGR fuel tests (see table 1 and fig. 1 hereafter), together
with its "traditional" advantages of high neutron flux levels and easy
handling of the irradiation devices. The short-coming of BR2 is the

limited space available inside its standard irradiation position (the
standard rig has a maximum outside diameter of 34 mm), and the high cost
for extra fuel consumption and special fuel element fabr1cat1on encountered
with large diameter devices.

In connection with radiation damage to graphite,
efforts have been made to give an accurate definition of fast neutron dose
~in MTR type reactors (ref. 27 and 26). This problem will not be enlarged

upon in this report. : :

* Refer for example to : .
- Nukleonik, 11 : N° 1, 44-53, 1968,

- JUL - 519 - RG (1968).
- EUR 4328 e (1969/70).






BR2. Nuclear Data of the Core for Reactor Cycle 05/71 (May/June,

T ABULE

1.

1971) .

Maximum, Beginning-of-cycle Figures at 70 MW Total Reactor Power (Ref. 36).

Channel Fuel element # th.max |@> 0.1 MeV H. max.
Type B % 10 %0 /em®s| 10140 /e m2s Ww/gr. Al.
A 30 A330 |VIn* VIix 0 0 2.81 5.10 14.8  14.8
A150 A210 |[VIn* VIn* 0 0 2.87 5.21 15.4 15.4
B O VIi* 0] 2,81 5.10 14,6
B 60 B300 |VIn* VInx 0 0 2.63 L.77 13.9 13.8
B120 B240 VIn* VIn* 0 0 2.73 5.34 15.4 15,5
B 180 VIi* 0] 2.81 5.10 15.1
C 41 €319 |VIi* VIi* 17 17 2.92 3.89 12.1 12.0
C 79 €281 VIn* VIn* 0 0 2.33 4,08 11.4 11.6
€101 C259 |Vn  VIi 21 20 4,01 4,26 L4.59 11.7 12,5
€139 €221 |Vn Vn 0 0 3.82 L.63 13.5 13.6
DO Vin 20 2.68 2.47 8.7
D120 D240 |VIn* VIn* 17 18 2.89 L.62 4,56 12,9 12.8
D180 Vin 0 2.68 3.60 ' 10.6
F 14 F346 VIn* VIn* 37 37 2.15 1,48 6.k, 6.4
F 46 F314 |VIn* VIns Lo 41 2.55 1.88 1.78 .6 ol
F106 F254 VIn* VIn# L2 37 2,68 1.76 2.13 .8 o
F166 F194 |[Vi  Vinx 19 17| 2.10 2,20 | 1.55 2.64 | 5, 7.6
G 60 G300 |VIi* VIi+* 32 32 1.83 1.42 o1 5.0
G 120 G240 VIi* VIn~ 17 26 1.96 2.42 1,94 b 6.
H 23 H337 |VIn* VIn* 25 18] 1.99 1.75/2.01 2,12 . .0
H 37 H323 |VIn* VIn* 14 25| 1.75 1.99[2.34 2,01 | 6.4 6.1
Hoi/u 8.8.
H1/1 a 6 I11s 21 3.50
* Cermet elements.
fuel element burn-up H = gamma heating

Legend P =
Vn,'Vi, VlIn,

VIi, IIls =

element,

indication of number of fuel plates per
and type.




The 1971 operating rhythm of BR2 consists in 20 to
21 days of reactor on power and 6 to 8 days of shutdown for replacement of
fuel elements and experimental devices, and maintenance. '

Assuming 250 full power days of availability per
annum and average irradiation conditions, the following performances can
be achieved in HTGR fuel irradiation devices during 1. year gross: irradiation

time : 21
- Fast neutron dose (> 0,1 MeV) 6 to 8 x 10¢! nvt.
' 8 to 12% fima

- Burn-up
(fissions per initial metal atoms)
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2. Review of HTGR Experiments in BR2.

2.1. Summary.

A summary of all experiments carried out in BR2 for

gas-cooled graphite-moderated reactor programmes is given on table 2

hereafter.

Brief descriptions are contained in the following

paragraphs.

2.2. Descriptions.

2.2.1.

2.2.2.

In-Pile Carbon Transfer Loop (IPCTL).

In the scope of the OECD Dragon Reactor Experiment,
an in-pile helium loop has been operated in BR2 during the '"early"
years (Ref. 8, 11 and 13), for the measurement of graphite mass
transfer under irradiation with various impurity levels in the gas.
The first BR2 core to be operated over an extended period (configu-
ration "5A") was arranged around the D O channel into which the
loop in-pile sections were loaded in order to provide the required
nuclear data. This core which was eccentric with regard to the H1l
channel gave way to the concentric configuration now used (see fig.1)

in 1965.
Fuel Ball Rig.

Two 60 mm diameter spherical AVR fuel elements have
been irradiated (Ref. 16) in a rig similar to those used in Oak Ridge
(Ref. 2) and Studsvik (Ref. 31). The experiment was loaded into a
standard reflector channel of BRZ2 and conducted under essentially
thermal neutron flux. Two similar tests had taken place beforehand
in one of the pool side facilities. These tests were, in turn, the
continuation of early in-pile experiments in the reactor BR1(Ref.5).

1250°C Coated Particles Rig.

Loose coated particles have been irradiated in two
unswept rigs. Each rig contained two sealed specimen carriers in
which the particles were mounted between concentric graphite sleeves.
(Ref. 16). The upper carrier was fitted with thermocouples. Tempera-
ture regulation depended on a helium-nitrogen gas gap between carriers
and outer rig tube.



Table 2 - BRZ2 Irradiation Tests for Graphite and HTR Fuel.
(Reprinted from Ref. 32).
* Number of
Experiment . Target Characteristics Position. . . Period.
Irradiations;
In-Pile Carbon Graphite Graphite corrosion FE 9 63-66
Transfer Loop Cylinders 600-900°C, 10 kg/cm
3 g He/sec.
Fuel Ball Rig AVR Fuel Elements 1000°C surface temp. refl. 1 66
unswept
1250°C Coated Loose Coated 1250°C max.fuel temp
Particles Rig Fuel Particles unswept . FE 2 66-67
Graphite 150 to 350°C, 500 to
Irradiation Rigs Graphite 700°C,750°C, 900°C, FE about 50%* 63-69
1200°C.,
"AY type Coated Loose Coated 1250°C max.fuel temp, FE L 6770
Particles Sweep Rigs FFuel Particles sweep das loop.
"B" type Coated Loose Coated 900 to 1300°C fuel FE 2 finished. 69-71
Particles Sweep Fuel Particles temp. 3 swept cap-
Rigs sules per in-pile 2 under 71
section. irradiation.
Coated Particles Loose Particles 00 to 1500°C fuel-t,
p? € . artic-e “ 9 . 2 . ¢ . FE 1 finished. 70-71
Unit Rigs CPUR Compacts, Various design possi-
Coupons, etc. bilities.One sweep 2 under
circuit per rig. irradiation. 71
Boiling Water 900 to 1200°C max.fuell refl. 1 finished 70-71
Capsules nr.8,11 Fuel compacts temp.Calorimeter device
Hydraulic Rabbit Short-time irradiationy refl. 6 71
v . . Fuel compacts
Irradiations
Sodi Loose Particles Sealed specime
ogium Loop oose Par a P men refl. 1 20-71

Appendix (MFBS 6)

and Compactse.

carrier

2

*

(FE
(refl.

Sponsors

reflect:r position ;

CEA,

fuel eleme 1t position

KFA,

U.K.A.E.A.,

fast flux (>
fast flux (>

€tCovoo

0,1 MeV) up to 6 x 1014 n/cm? sec
0,1 MeV)} up to 1 x 1013 n/cm?® sec.
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3. The Coated Particles Unit Rig (CPUR).

3. 1.

3.2.

Generale.

Design work started early in 1969 for another
double-loop sweep facility which was to comply with the following
demands :

-, simple layout of in-pile and out-pile material, resulting in both
maximum reliability and minimum maintenance,

- utilisation of standard BR2 gas mixing panels,

- minimum rig assembling time,

- maximum design flexibility, enabling a large variation of experi-
mental parameters such as target nature, target dimensions, heavy
metal loading, fuel enrichment, irradiation temperature, fission
rating, etc.

Moreover, the possibility of moving the in-pile
section towards '"hotter'" reactor positions to compensate the target
burn-up allows to obtain extended irradiation periods under constant
temperature conditions, hence high burn-up and elevated fast neutron
doses.

Figure 5 shows examples of possible specimen zone
designs, whereas table 3 gives main data of the first six experiments

in hand.

Description.

3.2.1. In-pile Section (rig).

The rig comprises either one extended swept and

instrumented compartment, or an upper swept part and a lower sealed
appendix. The targets, loose or compacted coated particles, are
assembled in graphite slecves (boxes) which, in turn are contained
in a stainless steel carrier. The outer rig tube (thimble) contains
the assembly against the primary circuit water, and extends upwards
to the rig head in the reactor top cover. The Vactive zone'' compo-
nents are machined to particularly close tolerances in order to
reduce the uncertainfy margin of the thermal calculations.
A low flow of helium-neon mixture enters through the outer gas gap
(between thimble and carrier tubes), penetrates into the lower end
of the specimen carrier and is collected by the gas return tube in
the upper end of the specimen carrier.
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Hence the gas circulation assures both fission product sweeping and
temperature regulation.

The gas leads are carried under secondary contain-
ment (flexible stainless steel hose).

Upper and lower specimen carriers are usually fitted
with thermal and fast neutron flux activation monitors.

The choice of thermocouples for the upper carrier
depends on space restrictions resulting from the specimen zone
design, as well as on the experimenter's readiness to accept a
central thermocouple well in the specimens.

Usually the outer graphite zone, running at tempe-
ratures between 500 and 1000°C, is fitted with 4 to 12 chromel-
alumel couples, whereas noble metal couples (1 to &) are placed
in the centre. Current CPUR thermocouple specifications are given
in table k.

The problem of high-temperature thermocouples is
briefly reviewed in paragraph 4.1. hereafter.
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T ABLE 4,

Thermocouple Specifications.

High-Temperature Thermocouples

- Nature of the thermoelectric wires - W 3% Re/W 25% Re
- Sheath material, hot section =~ Mo

. extension - AISI 316 stainless steel
- Transition sleeve, diameter mm 2,8

length mm 35

- Sheath, 0.D. mm 2,0 throughout
length, hot section mm 800
extension mm 5.700
~ Insulant, hot section - BeO
extension - Alp04

Chromel-Alumel Thermocouples

- Nature of the thermoelectric wires - chromel-alumel
(HOSKINS)
- Sheath, material - AISI 304 st. st.
O.D. mm 1,0
length mm about 6.000
- Insulant - Alo03.

3.2.2.

Figure 6 is the X-ray photograph of an upper
CPUR specimen carrier showing the arrangement of the different :
components.

Adjusting Device (see figure 7).

The aim of the axial displacement mechanism is
to enable, at any time, the positioning of the upper specimen carrier
symetrically to the instantancous reactor neutron flux distribution.
This will create nearly constant irradiation and temperature condi-
tions and minimize temperature variations throughout each reactor
cycle.

The electric motor, with fitted reduction gear
box, is mounted on top of the support plate assembly inside a water-
tight case.
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It drives the central pinion through a sealed coupling. The rotation
of the pinion is transmitted through two intermediate gears to the
toothed nuts which create the simultaneous axial displacement of the
hollow lead screws and the complete rig.

The adjusting device is operated by means of push-
buttons placed into the control panel. The rig height can be
controlled in any positidn on a digital counter indicating the number
of rotations accomplished by the central pinion drive shaft.

The counting is based upon an inductive impulse device the polarity
of which is inverted together with the motor direction of rotation.

The displacement speed is approximately 48 mm/min,
and the total stroke about 200 mm.

A photograph of the adjusting device assembly
(without motor casing and service lines) is shown on figure 8.

36243, Out-pile Equipment.
Operation Principle.

The equipment outside the reactor primary vessel

comprises the following components :
- reactor pool gas lines and thermocouple cables,
- the pool wall penetration port,
- two gas mixing panels,
- two purification units,
- a gas sampling station contained in a glove box,
- auxiliary systems (liquid nitrogen supply, off-gas lines,

inert gas supply).

Figure 10 represents a block diagram of the
C.P.U.R. gas loop components, as used for one experiment. Details
of the main components are given on figures 11, 12 and 13, whereas
the bhotograph figure 9 shows a view of the glove box distribution
(solenofd valve) panel.

The required helium-neon mixture is adjusted
manually, and circulating by means of a membrane compressor, in the
gas mixing panel. The purification unit which is built into an own
secondary containment box comprises a molecular sieve gas drier and
a low temperature active charcoal adsorber.
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Provisions are made for total adsorption using liquid nitrogen,

and for controlled heater circuits for cleaning and regenerating
purposes. The returning sweep gas can be directed through a 5 litre
room temperature active charcoal trap, by means of a set of solenoid
valves (MV11i, MV117, MV118), before reaching the remainder of the
loop. A considerable desactivation of the gas is then achieved (see
pardgraph 3.4.2. hereafter) avoiding permanent circulation of activity
in the loop. For low activity release from the rig and for gas samp-"
ling, the trap is by-passed, reducing the fission product transport
time to about 7 minutes. An inlet of purified helium is provided into
the glove box sampling station (NV143) for scavenging and transfer
purposes.

There is a special electrical control panel for
the glove box, carrying the controls for solenoid valves, vacuum
pump, electrical flow meter FI102 and heater circuits, as well as
high voltage supplies, ratemeters and recorders for activity moni-
toring chains RIRA 01, RIRA 02 and RIA 03 (without recorder). An
electrical interlock system of the solenoid supply lines prevents faully
operation of the glove box, such as draining the main loop via MV 123
or pressurizing it via MV 127.

In the purification unit (fig. 12), both traps TS5
and T6 are fitted with tube-in-tube heat exchangers which act as
recuperators during the 150 to 250°C nitrogen regeneration.
Moreover, the T6 exchanger serves as a recuperator during normal low
temperature operation bringing about both limited ice formation on
the tube and liquid nitrogen economy.

From a number of methods tested for the automatic
liquid nitrogen supply to cold traps, the thermocouple control was
found to be the most reliable : Several iron-constantan couples
(st. st. sheathed) are placed onto the external surface of the trap
which dips into the liquid nitrogen filled vacuum-isolated flask.
They are couniiccited to a galvanometer or to a potentiometric recorder,
from which on-off contacts control the opening of supply valve (e.g.
MV60 on fig. 12). The additional advantage of this method, as compa-
red to the other principles, consists in the direct information on
trap temperatures. In the case of the C.P.U.R. loops, recording of
the trap temperatures is included for supervision of the liquid
nitrogen level control and detection of any failure in the system.
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The two impurity analyzers in the purification
unit (C1, C2) are of the electrolytic type (hygrometer) and of
the photometric type (0Og meter).
The hygrometer operates continuously and in a closed circuit,
whereas the 0Og meter is used occasionally and by "sacrificing" loop
gas into the reactor off-gas system.
Operation of the 02 meter requires the use of a reducing gas contai-
ning 10% H2, as well as of a calibrated reference gas.

TABULE 5.

Explanation of Symbols of Figures 11, 12 and 13.

Vv Manual valve

NVR Non-return valve

NV Needle valve

MV Solenoid (magnetic) valve
SV Relief (safety) valve

PR Pressure reducer or pressure regulator
GF Filter

T Tank, vessel, trap

PI Pressure (or vacuum) gauge
PA Pressure switch

FI Flow meter

KATHAR Katharometer (Ne percentage indicator)

TE Thermocouple

VA% Calibrated volume

RIA Gamma dosimeier with alarm display

RIRA Gamma cell with recorder and alarm display

G.M.P. Gas Mixing Panel

P.U. Purification Unit.
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The main difficulties observed in the beginning

of the sweep loop operation were (see paragraph b,2,) :

unreliable liquid nitrogen supply for the ''cold traps™
inaccurate measurements of low level moisture and oxygen
impurities in the sweep gas,

problems with high activity release to the reactor
off-gas system when depressurizing at elevated fission
gas release rates,

0il vapour condensation from vacuum pumps in the off-gas
lines.

3.3. Thermal Calculations,

3.3.1. Scope of the Problem,

The analysis is focussed on calculations of the

central fuel zone and the graphite tube temperatures as functions

of

o
°

the equivalent fissile material loading (EFM), variable in time
and space,

neutron flux and gamma heating, variable in time and space,

the internal rig heat transfer conditions, variable with the

helium~neon mixture composition and variable in time and spa-e
if dimensional changes of the graphite components by fast

neutrons are to be taken into account (Ref. 29),

a) the equivalent fissile material loading EFM is expressed in
(mg U 235/cm), Fissile nuclei bred from U 238 and/or Th 232
are taken into account by definition

N5-6'f5 - N3- G’f3 + N9-67f9

o f5

EFM =

Where
N == loading density (mg/cm)
Gt = microscopic fission cross section (cm2)
Indices : 5 for U 235 3 for U 233
9 for Pu 239



3.3.2.
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b) "variable in time" means changing under irradiation,
"variable in space” means changing according to the axial
position in the rig.

The requirements from the experimenter's point of view are

generally :

- maximum possible initial fissile material loading. This
requirement originates from the statistical character of
coated particle irradiation testing, it implies that at
least 10.000 particles should be irradiated under identical
conditions,

- constant irradiation temperature in time and space,

- optimum choice of the irradiation sequence, i.e. :
select throughout the irradiation the "hottest!" channels
possible in order to achieve specified burn-up and fast
neutron dose as soon as possible, but without ever exceeding
the maximum admissible temperature.

Principles of Solution.

Three degrees of accuracy can be defined for

calculations predicting the thermal behaviour of a C.P.U.R. :

1.

The constant loading, constant flux approach.

The rig is fitted with a constant initial fissile
material loading density. Calculations are limited to the "hot
plane" (plane of maximum neutron flux and gamma heating) where
constant flux conditions are assumed throughout each cycle.

The variable loading, constant flux approach.

A constant axial flux distribution is assumed
for each cycle, and the initial fissile material loading density
is selected to give the best possible approximation to constant
axial fuel temperature distribution.

The variable loading, variable flux solution.

The axial distribution of neutron fluxes and
gamma heating is considered variable for each cycle, and the
inmtial fissile material loading density is selected to give
the best possible approximation to a constant fuel temperature
profile.
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3.4.3. Safety Considerations.

3-4.30 1.

Radiation Fields,

Qe

b.

Ce

Pipework.

The calculations used tor table 6 do not apply to
the maximum possible radiation fields around the loop pipework
near pool wall penetration S2, because of shorter possible
transport times. Early estimations taking into account short-
lived isotopes down to a few seconds of half-life resulted in
fairly elevated gamma doses and lead to the use of additional
shielding. However, experience showed that even under unfavou-
rable conditions, i.e. :

- several kW of fission power,
- R/B for the "guide'" isotopes (Xe 133, Kr 85m, Kr 88)

10-3 to 1072,
- high flow rates (short transport times),
the gamma radiation doses measured at contact of tubes in the
reactor building did not exceed about 25 mrem/h. The conside-
rable difference between calculated dose (several R/h) and
practice can be explained by the conservative assumption that
short-lived isotopes are released with the same R/B as the
above-mentioned '"guide!" fission products. In reality, short-
lived fission products escape at a much lower rate. For this
reason, no more shielding on pipework is provided for the
recent installations.

5-Litre Active Charcoal Trap.

This trap has a double shielding with a total of
15 cm Pb. At continuous operation with 5 kW fission power and
R/B = 10-2, the dose rate at the outer shielding surface is
25 to 50 mrem/h.

0,5-Litre Low Temperature Bed T6.

T6 will finally settle all remaining fission pro-
ducts from the carrier gas stream. The accumulated total acti-
vity is 45 mCi maximum (i.e. for R/B = 10"2), with a dose rate
of about 20 mrem/h at contact of the (unshielded)purification
unit. Roughly the same dosis can be expected for R/B = 10‘5,
but by-passing T5.



J.le3a2.
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Leakse.

Contamination from escaping sweep loop activity has
been investigated for two cases (see figure 19) :

A. Failure in the gas return line at the inlet to the glove box
system (Leak 1). The escaping active gas dilutes into the
secondary containment atmosphere which is then sucked into
the reactor building off-gas system (''ventilation non-recy-
clable').

B. Failure between gas mixing panel and purification unit (inlet
line) where no secondary containment is provided (Leak 2).
The loop depressurizes into the reactor building, with potential
contamination of the working areas by escaping activitye.

Results :

The calculations have been supported by a number
of laboratory tests which were carried out during the 'cold" run
of the loop, using realistic lengths and diameters of tubing and
measuring mainly leak flow rates and depressurization times for
different leak sizes.

All calculations are based on 5 kW fission power
in the swept fuel zone and R/B = 10”2,

Case A.
Leak 1 brings about the following phenomena

- time to drain the entire loop overpressure sec 200
- total possible activity escaping into the

glove box Ci 23
- resulting specific activity in the glove box

atmosphere (assuming homogeneous dilution) mCi/cm3 0,0L45
- flow rate from glove box to reactor stack cm3/sec 1100
- time for one complete glove box air exchange min 8

- resulting total specific activity in reactor

stack ‘PCi/cmB 1,5){10“3
- resulting weighed specific activity in

reactor stack )uCi/cm3 5 x 1072,
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For the assessment of the '"weighed" activity, short-lived isotopes
are disregarded, and only the following are taken into account :
Kr87, Kr88 + Rb88, 1131, 1132, I133, I134, I135, The high level
alarm of the gaseous gamma monitor in the stack is set to

5 x 107 Ci/cm3 and would thus be largely exceeded. However,
iodine is unlikely to appear out-of-pile at the same R/B rate

as noble gases. Measurements taken suggest an apparent escape
rate for iodine between 0,1 and 1% of the R/B for noble gases.
Under such circumstances (i.e. R/B = 10"2 for noble gases and
10~% for halogens) the weighed specific activity in the reactor
stack would be about :

1,1 x 107> yCi/cm3
(mainly Kr87. Kr88-Rb88), i.e. still bring about a transient

"high gamma®“ alarm at the stack. Due to the limited duration,
this is considered to be acceptable.

Case B (leak 2).

Here, the potential hazard is characterized by flow
inversion ard direct escape of active gas from the in-pile section
via the inlet line (FI7, V4O). Immediate flow inversion has been
confirmed by the out-of~pile tests (see fig. 19), but calculations
show that the loop would probably be completely depressurized
through the leak before any active gas reaches the failure point.
This is due to the large volume of inactive gas occupying the
upper part of the rig tube (thimble), as well as to volume ratios
and flow sections in the out-pile portion. However, for safety
reasons, complete mixing of active gas into the upper part of
the thimble in the moment of flow inversion has been assumed, and
the resultiing escape rates were calculated. The results are
resumed as follows :

- time to drain the entire loop overpressure,

assuming a leak equivalent to a @ 1 mm hole sec 190
assumirg a leak equivalent to a @ 3 mm hole sec 23
- the total possible activity escaping into the
reactor building
assuming complete dilution with the non-active
gas in the upper part of the rig, 1 mm hole Ci 3,8
3 mm hole Ci 14
-~ contaminaiion ot the upper part of the reactor
building (50 and 6%h figor) 1 mm hole ecmeB 2,5.107%

3 mm hole pCi/cm3 9,3.10"%
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Again the '"weighed!" contamination would be much
smaller, i.e. in the 10~2 eCi/cm3 range, but still largely
in excess of the admissible short~time exposure concentrati
of . :

1,2.1077 wCi/cm’ (I.CoPuR.).

Practically, this event would call for a reacto
shutdown and evacuation of the reactor building upon alarms
from local gas and dust activity monitors. However, conside
the remote probability of the accident conditions (simulta-
neously : full power, full R/B, complete mixing, important
leak) this risk has been accepted.

Note that the I131 concentrations remain below
under all assumptions. '

3.hok. Gas Sampling and R/B Calculations.*
Following up the total sweep gas activity and

measuring R/B throughout the irradiation give the best image of
fuel particles behaviour during testing. The release rate of an

isotope can be correlated to its specific activity in the sweep
b :
y 0,693 V
AS = 5,8,10% . p. ==L . T D.T
S e ° o o o D . T L]

where
Ag = specific activity of the isotope considered in

a gas sample taken (ECi/cmB)
P = total fission power of the swept fuel zone

at time of gas sampling (kW)
Y = isotope fission yield (%)
r = R/B -
D = sweep gas