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THE WAGR
CONCLUDING
EXPERIMENTS

The prototype Advanced Gas-cooled Reactor at Windscale —WAGR —first went critical in 1962, and for
the following 18 years its operational life as a research and development reactor was very successful. On
3 April 1981 the plant, its work completed, was formally shut down by Sir Francis Tombs and ceased
normal power operation. However, early in 1980 the UKAEA, CEGB and SSEB jointly began planning a
series of special experiments in WAGR, of which most were to be performed during the few weeks
immediately following the formal shutdown. R.E. Mrowicki, C.P. Greef, J.H. Leng and M. Kendal

explain

The UKAEA, CEGB and SSEB, in technical and financial col-

laboration, designed an experimental programme aimed at

securing further information to support the Safety Cases of
the commercial AGRs operated by the generating boards.

Thus, tests were proposed to:

i. examine the behaviour of fuel elements when subjected to
temperatures approaching the melting point of the
stainless steel fuel pin cladding (about 1 370°C);

il. check the physical models and computer codes used in
fault studies; and

iii. embrace a range of fission product release and transport
measurements.

The project, which became known as the WAGR Concluding

Experiments, was successfully completed over the period 3

April to 24 June last year.

To be of any subsequent value, some of the experiments
had to extend test conditions beyond limits previously en-
countered in WAGR. As such, a number of safety issues were
raised, and the proposed solutions to these problems were sub-
jected to the stringent safety criteria which were adopted
throughout the operational life of WAGR. In addition the
Nuclear Installations Inspectorate were kept fully informed
both during the planning and safety clearance stage and
during the execution of the experiments.

The range of experiments within the programme may be
summarized as follows.

(a) Four WAGR fuel stringers were subjected to either a flow
or power induced temperature transient up to a peak pin clad
temperature of about 1 300°C. These experiments were per-
formed in one of the experimental loops installed in WAGR.

(b) The reactor core was subjected to rapid reactivity ramps
and flow changes from a variety of initial conditions.

(¢) Four fuel stringers, previously discharged from the reactor
because of fuel pin failures, were re-irradiated under various
conditions and the fission product release was measured.
These experiments were performed during the latter months
of operation before formal shut-down.

(d) The transport properties of fission product iodine in the
form of methyl iodide, together with the behaviour of simu-
lated aerosols, was investigated under different plant con-
ditions.

Mr Mrowicki works for British Nuclear Fuels Ltd at Windscale, and
Mr Greef at the CEGB Berkeley Nuclear Laboratories. Messrs Leng
and Kendal are at the UKAEA Windscale Nuclear Power
Development Laboratories.

A more detailed article describing the experiments is appearing in
the BNES Journal.

Data acquisition

A fast data collection and display system was essential to
monitor those experiments in which rapid changes in power,
coolant flow and temperature were involved. The data logger
equipment used for a number of years on WAGR, although
capable of monitoring two thousand analogue reactor inputs
in a cycle time of ninety seconds, was too slow and therefore it
was necessary to construct a new much faster system, based on
already existing PDP 11/20 computers.

By employing two scan controllers, each driving a maxi-
mum of one hundred relays and controlling a pair of digital
voltmeters, a logger unit was devised which was capable of
scanning four hundred data points at the rate of one hundred
points per second. Rapid rates of data collection were required
during the core experiments, so reactor data points were
limited to 112 so that the desired cycle time of about one
second could be achieved. In the loop experiments a different
problem arose because of the high temperatures to be
measured. There was some doubt concerning both the
durability and accuracy of the chromel-alumel, stainless steel
sheathed, mineral-insulated thermocouples mounted in the ex-
perimental fuel stringers, and so it was arranged for these
thermocouples to be monitored for both loop and insulation
resistances. Time had to be allowed for the conductors to
discharge after each resistance measurement and as a conse-
quence some reduction in scanning time was inevitable. Never-
theless the acceptable cycle time of about two and a half
seconds was achieved for the 41 data points used in these ex-
periments. For all experiments double density floppy discs
were used to store data for later analysis.

The software provided for the PDP 11/20 was devised to
control two main functions. The first, under direct interrupt
control, performed the processes of data collection, recording
and alarm checking. The second, a BASIC interpreter pro-
gram, supported two BASIC partitions each driving a display
unit, one showing the essential information for operational
control of the experiments and the other showing more infor-
mation of interest to the experimentalists. With this equip-
ment it was possible to provide different displays readily
tailored to suit a particular experiment without unacceptable
investment in programming effort.

Because many of the experiments could not be repeated,
back-up to the computer driven system was included by using
a multiplexed digital recording system onto an instrumenta-
tion tape recorder, sampling approximately half of the
available data points. As this unit was connected directly to
the data points and its sampling rate was faster than the com-
puter driven system, it was able to record in finer time steps
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ﬂg. 1: Sketch of a WAGR fuel element

in addition to providing the redundancy required. Finally a
six pen chart recorder was employed to give a display of up to
six points of selected data as considered appropriate during
each experiment.

High fuel-clad temperature tests

These tests were included in the programme with the objective
of supporting the CAGR safety case by adding to the evidence
that the fuel pins retain coolable geometry at transient peak
can temperatures encountered for the most severe credible
CAGR fault transients. The fuel elements used were of
current WAGR design consisting of a cluster of nine fuel pins
supported in a single ring around a central graphite tube and
enclosed within a graphite sleeve (see Fig. 1). The fuel pins
consisted of annular fuel pellets of uranium dioxide contained
in a stainless steel tube (nominally 1-52 cm diameter and 0-038
cm wall thickness) having a ribbed external surface to im-
prove heat transfer properties. The WAGR fuel element is
smaller than the 36 pin CAGR counterpart but the general
design and individual pin designs are similar.

In WAGR a fuel stringer consists of four fuel elements sup-

ported on a central tie rod or tube (see Figure 2), which is con-
nected to an upper plug section. This comprises a neutron
shield plug, outlet passages for the coolant gas, a gag valve to
control coolant flow, a biological shield plug and a closure
unit to seal the complete stringer in the reactor primary con-
tainment. Four such fuel stringers were tested to a high peak
fuel clad temperature in flow or power induced transient, as
detailed below.
Experiment 1 was a new purpose built stringer equipped with
many thermocouples to measure coolant gas and fuel clad
temperatures and containing fuel pins of standard enrichment
(3-5 per cent).

Experiment 2 was a similar stringer to Experiment 1 hut the
fuel pins in element 3 were enriched to 9 per cent to increase
the rating, and all fuel was omitted from element 4 to reduce
the coolant gas outlet temperature.
Experiments 3 and 4 were stringers which had been irradiated
previously in the WAGR core, for other experimental pur-
poses, to burn-ups of 5 000 megawatt-days per tonne and
15 000 MWD/T respectively. Each contained fuel pins of
standard WAGR enrichment with a limited number of gas
and fuel clad thermocouples. As the purpose of the ex-
periments was to raise peak pin clad temperature to near
melting point (about 1 370°C) there was some risk that local
melting of the clad could occur and result in significant fis-
sion product release. It was decided therefore, to perform the
experiments within one of the six loop circuits available on
WAGR to minimize the extent of any possible internal con-
tamination of the plant. Each loop utilises a reactor fuel
channel containing a separate pressure tube connected to an
independent cooling circuit. Thus a loop provided irradiation
space which could be operated under different coolant
pressures and temperatures from the main core. To minimize
the amount of fission product iodine available for release in
the event of severe clad failure, total irradiation time of each
stringer in the experiments was limited to four full power
equivalent hours. The two previously irradiated stringers had
been discharged from the reactor earlier in the year to allow
the iodine content of the fuel to decay to a very small value
before re-irradiation.

To use a loop at very high temperature one difficulty had to
be overcome. The coolant gas outlet temperature from a
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WAGR fuel stringer operating at the

abnormal peak clad temperature of
1 300°C would be more than 900°C
and considerably higher than the
maximum (700°C) allowable in a loop
to guarantee the integrity of the -1300-
pressure tube. The problem was solved
by introducing a secondary or bypass
coolant flow dividing from the main
flow through escape holes at the base
of the stringer. This flow bypassed the
fuel but mixed with and cooled the - 1100,

—1200-

.o

main stringer flow as it emerged from 5
the stringer gas ports before it <
impinged on the loop pressure tube. To _1000%
make this feasible the loop had to be -

modified to generate sufficient bypass
flow from the available pumping
capacity. As a consequence, the ir-
radiated liner or partition tube of the
loop had to be discharged and replaced
by a new tube of larger dimensions. A
special remotely operated milling
machine was built and developed for
the task of increasing the effective
dimensions of the loop pressure tube
internal features to accept the new
larger liner tube.

Experiment 1 - 500-
Fifteen thermocouples were installed in
this stringer to measure fuel pin clad
temperature. Nine of these (three
Nicrosil/Nisil and six Chromel/
Alumel) were located in element 3 and
the remaining six (all Chromel/Alumel) 1 2
in element 2 (see Fig. 2). The cladding
thermocouples were inserted into
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each fuel element, fitted for the purpose

Fig. 3: Experiment No. 1—New fuel, flow transient

with thick walled cladding (0-178 cm). The external dimen-
sions of the thick wall pins were identical to the standard pins
and the enrichment was increased to give the same linear
power rating.

An orifice plate coolant flow meter was also fitted to this
stringer together with a WAGR gag, or stringer flow control
valve, which was mechanised and could be operated remotely
from a control point sited in the main reactor control room.
Prior to loading in the loop the stringer was tested under low
temperature isothermal conditions in a dynamic test rig, the
internal geometry of which matched that of the revised loop
system.

During dynamic testing the stringer flow meter was
calibrated and the split between the primary and bypass
coolant flows was determined against position or degree of
closure of the gag valve. Further testing under isothermal
conditions and in ‘“‘mini’’ transients to pin clad peak
temperatures of about 700°C continued after the stringer was
loaded to the loop.

The experimental plan was to raise the peak cladding
temperature of the stringer from a normal value of 750-800°C
to 1 320°C at full power by reducing the coolant flow. The
performance of the stringer in this transient had been
predicted by the Berkeley and Windscale laboratories using
the codes WELCOME for modelling the loop geometry and
flow conditions, HOTSPOT for the heat transfer processes
within the fuel pin cluster assembly and HEATRAN for the
evaluation of the cladding hot spots caused by end flux peak-
ing and the geometrical disturbances of the braces, anti-
stacking grooves and any significant bowing of the fuel pins.

It was found during commissioning that the gag valve tended
to continue closing at the higher temperatures when the
mechanical drive was switched off because of thermal ex-
pansion of the gag shaft. It was decided that the transient
would be continuous, would last 18 to 20 minutes, and would
be terminated, by insertion of the control rods at fast speed,
when peak clad temperature was reached. In this manner the
experiment was completed successfully on 8 May.

Large cross-pin temperature gradients (over 100°C) had
been predicted at the higher temperatures and there had been
some concern that the differential thermal expansion of the
cladding so arising might cause significant radial fuel pin
bowing relative to the small clearance (6-7 mm) between the
pin and the central graphite spine. Should a pin bow suf-
ficiently to touch neighbouring graphite components a local
cladding hot spot could occur at the point of contact increas-
ing the clad temperature by a further 100°C or so. Therefore
for the first loop experiment the peak target clad temperature
of 1 320°C was evaluated on the assumption that a standard
fuel pin in element 3 (the hottest region) had bowed to touch
the central graphite tube. This assumed temperature was
calculated during the transient by the computer using
measured cladding temperatures of the thick wall in-
strumented pins and a model developed during the heat
transfer prediction work.

Fig. 3 shows graphs of various temperatures measured
during the experiment. All the thermocouples operated suc-
cessfully during the transient and afterwards on return to
normal temperatures. Extra instrumentation had been incor-
porated into the loop circuit for the high temperature ex-
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periments to detect and measure any released radioactivity.
This includes two sets of burst cartridge detection gear
(BCDG) and continuous gamma spectrometry monitoring
krypton-89 to assist in the detection of can failure and
magnesium-56 as an indication of any clad melting. On safety
grounds the criterion for premature termination of the experi-
ment was based on previous experience of fuel failures in the
loops, and was set at 1 000 times the normal background
BCDG signal. In the event there was no indication of even
minor pin failure during the transient.

The programme of the concluding experiments was ar-
ranged so that the major part of the core transient ex-
periments would be completed immediately after the first
loop experiment. This allowed post irradiation examination
(PIE) of the first loop stringer to be completed before pro-
ceeding to further high temperature experiments. The results
of this PIE showed the fuel elements to be in excellent con-
dition with no evidence of local clad melting, excess oxidation
or severe bowing (see Fig. 4). On this basis it was calculated
that the maximum cladding temperature reached was prob-
ably 1 276°C at a position under a brace on a standard pin in
element 3. The highest clad thermocouple reading recorded,
on a thick wall pin in element 3, was 1 244°C. The outlet
temperature of the coolant gases after mixing of the stringer
and bypass flows was comfortably below the limit of 700°C.
Experiment 2
With the knowledge that no severe pin bowing had resulted
from the first experiment it was decided that such a
phenomenon could be discounted for the second. Whilst the
target temperature remained at 1 320°C, this was now at-

tributed to the hot spot calculated to occur on an element 3
standard pin under the upper brace, due to the brace acting as
a radiant heat shield. This meant raising the cladding
temperature as measured in element 3 some 50°C higher than
that of the first experiment.

It was planned to perform the transient by increasing re-
actor power (as in a reactivity fault) at a constant rate of
about 3 MW per minute over a period of approximately twen-
ty minutes, commencing at 30 per cent power. During the
transient the coolant gas mass flow was kept constant at a
level chosen to achieve the target peak cladding temperature
just before full power was reached. The measured peak clad-
ding temperature was expected to rise at the rate of about
40°C per minute. In practice it was necessary to open the gag
continuously during the transient to maintain a constant
coolant mass flow rate in order to compensate for the rising
coolant flow resistance (as gas density decreased with rising
temperature) and for the thermal expansion movement of the
gag towards the closed position already described.

The preparation and testing for this stringer was similar to
that of the first and on § June the experiment was completed
as planned. The graphs at Fig. 5 show various measured clad
temperatures, together with the estimated peak clad
temperature, determined during the transient. The latter
temperature ultimately reached 1 340°C and the maximum
measured clad temperature recorded was 1 290°C. As with
the first experiment no thermocouple failures occurred during
or after the transient and there was no_instrument indication
of pin failure. PIE later showed that the fuel elements, like
those of the first experiment, remained in excellent condition.
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ing a flow-meter, modified gag with
remote drive mechanism, and thermo-
couples to measure the mixed coolant
gas outlet temperature. Finally the fuel
section thermocouples had to be re-
threaded through the new plug, sealed
at the closure unit and attached to ap-
propriate connectors. This was a dif-
ficult handling task when dealing with
irradiated components but was accom-
plished successfully for both stringers
without the loss of any thermocouples,
thus making the proposed plan a
reality.

Experiment 3 was completed suc-
cessfully on 12 June in a coolant flow
transient lasting twelve minutes. No
thermocouple failed and there was no
evidence of an increase in BCD signal
during the transient. The maximum pin
clad measured temperatures reached
were 1 192°C (element 3) and 1 082°C
(element 2), compared with 1 198°C
and 1 076°C reached at corresponding
fuel pin positions in Experiment 1.
Thus an estimated peak clad
temperature on a standard pin (element
3) within the range 1 270-1 280°C was
obtained.

The performance of the stringer
during and after the transient, as
monitored by the clad and coolant gas
temperature readings, demonstrated
that the fuel elements retained their in-
tegrity and coolable properties. When
the stringer was returned to low

Rods
inserted

Fig. 5: Experiment No. 2—New fuel, power transient

temperature after the experiment both
the BCDG and krypton-89 monitor

Experiments 3 and 4

Over the last few years of the reactor’s operation a series of
experimental stringers had been irradiated to monitor the
change in heat transfer coefficient caused by deposition from
coolants of various compositions. Each of these stringers had
been equipped with four pin cladding thermocouples,
mounted by insertion in thick walled pins, as well as thermo-
couples to measure inlet and outlet gas coolant temperatures.
Fortunately two of these stringers having both suitable burn-
ups and a full set of serviceable thermocouples were still
available, to extend the range of the high temperature ex-
periments to irradiated fuel stringers. The determination of
an experimental plan for these stringers provoked con-
siderable discussion. In particular it was clear that the limited
number of cladding thermocouples compared with the
number available in the previous experiments would cause
greater uncertainties in determining the peak clad
temperature. Also, whilst no bowing had occurred to the
previously unirradiated fuel pins, it was still thought that this
remote possibility could not be ruled out for irradiated pins.
It was agreed finally that the reasonable decision would be to
repeat the first type of experiment on both the irradiated
stringers by matching their measured clad temperature to the
temperatures attained at corresponding thermocouple
positions in the earlier experiment.

However, before the irradiated stringers could be used for
high temperature experiments in the loop, it was necessary to
detach the fuel section of each stringer from its original plug
section without damaging the thermocouples. This fuel was
then attached to the special plug section of one of the earlier

commenced to give a low signal
reaching eventually no more than twice background, in-
dicating that a very small clad failure had occurred.

The loop programme was completed by the testing of
Experiment 4 on 17 June in a flow transient lasting nineteen
minutes. The cladding thermocouples survived the test and
gave maximum measured temperatures in element 2 of
1 116°C (outward facing) and 1 110°C (inward facing). These
compared with 1076°C and 1 119°C in like positions in
Experiment 1 giving an estimated peak cladding temperature
on a standard pin (in element 3) of 1 270°C-1 280°C. The
performance of the stringer and the absence of any BCD
signal during the experiment again showed that the fuel
elements had not undergone any damage due to this high
temperature transient. Some time after the completion of the
transient a measurable rise in magnesium-56 activity in the
loop was noted. This is believed to be due to either deposit or
oxide which had spalled off the fuel pins.

During its previous irradiation in the reactor the heat
transfer characteristics of this stringer had been monitored by
observing cladding and coolant gas temperatures. Appreci-
able decreases in heat transfer coefficient caused by carbon
deposition had been observed on the element 2 pins. The ex-
pected heat transfer coefficients were observed in the loop
when the stringer was first loaded. Attempts were made to
remove the deposit by a short pre-experiment irradiation
period at a maximum clad temperature of 800°C (limited to
one hour to minimise fission product iodine production) but
this was not successful. However it was judged that the
deposit would be burnt off during the transient at high clad-
ding temperature and the experiment was planned on that
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performed by tripping the main cir-
culators. As the series of experiments
could be performed only once, as wide
a range of conditions as possible was
covered. In order to monitor possible
spatial variations in neutron flux
response, especially in the faster tran-
sients, extra nuclear instrumentation in
the form of nine special ion chambers
contained in three non-fuelled stringers
were loaded to strategic positions in the
reactor core.

As already described arrangements
were made for the fast recording and
display of all relevant data and CEGB
representatives installed equipment to
monitor data from one of the heat ex-
changers. There was a small possibility
that the three most severe reactivity
ramps could induce some fuel pin
failures and therefore these ex-
periments were left to the end of the
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Small reactivity perturbation
experiment

The aim of these experiments was,
mainly, to determine the fuel
temperature coefficient for the WAGR
core. Twelve such experiments were
performed at different power and
coolant flow levels, by withdrawing the
control rods over a given period of
seconds, holding for a further short
period and then returning the rods to
the initial position. These tests, as did
many others later, demonstrated the
stabilising effect of the negative
temperature feed-back.
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Fast start-up experiments

Initially tests were performed in a reac-
tor core having a standard, ie sym-
metric, radial power distribution, and
were intended to simulate a postulated
CAGR fast start-up fault. They were

L8O

200 20

Fig. 6 (top): Subcritical symmetric start-up transient;

Asymmetric start-up transient

initiated by the withdrawal of the con-
trol rods at fast speed over a given
number of seconds, (ie adding reactivity

Fig. 7 (bottom):

basis. Analysis of the experimental data has shown that in-
deed much of the deposit was removed by the time that peak
temperatures in the transient were attained.

Core transients

The CAGR safety case is based upon reactor fault studies
employing sophisticated theoretical models, in particular, the
programs KINAGRAX and SKARK. There was no direct ex-
perimental evidence to validate these calculation techniques in
predicting the progress of either the extremely fast or very
large amplitude transients appropriate to fault conditions.
The objective in WAGR was to perform reactivity and flow
excursion experiments of a larger amplitude than was
reasonable in an operating CAGR and check the agreement
between experimental and predicted results from the CAGR
model.

Principally the tests were directed at the dynamic response
of the reactor core to positive reactivity changes capable of
causing large amplitude ramps, often with rapid rates of
change. The majority of the tests consisted of reactivity ad-
ditions from different initial conditions, imposed by move-
ment of a bank of control rods. Some experiments with large

at 260 mN min'*, holding the rods withdrawn for another short
period and then re-inserting. Thirteen of these experiments
were performed, ten commencing from a power level of 50 kW
(about 2 mN shut-down); one from 1 kW (about 100 mN shut-
down) and two from 200 W (about 540 mN shut-down).

The two plant limitations controlling these experiments
were reactor doubling times and heat exchanger performance.
The first was determined by the installed instrumentation
which limited reactor period to a minimum of two seconds.
The second limit involved rapid rates of heat insertion to the
heat exchangers causing water expansion in the drums leading
to rising levels and consequent risk of water transfer to the
superheater section. Drum water level swing therefore was
limited to eighteen inches which in practice allowed peak
power levels as high as 80 MW which were adequate for
testing the reactor codes.

The most severe transient, starting at a power level of 200
W, is shown graphically at Fig 6. The reactor went critical

*The nile is a unit of reactivity, IN corresponding to a reactivity of
102, In indicating reactivity changes it is usual to use the smaller unit,
the millinile (mN), equal to a change in reactivity of 10,
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Fig. 8: Reactivity ramp at power

after 115 seconds of rapid rod withdrawal, achieved a
minimum doubling time of 2-2 seconds and a clad
temperature rate of change of 13°C sec” before reaching a
peak power level of 80 MW. The graph shows clearly the
tendency of the reactor to shut itself down as the fuel
temperature rises.

To conclude these tests similar transients were performed in
a core having a large side to side flux or power gradient
(asymmetric core) because such cores pose a more severe test
for modelling. The core was made asymmetric by fully in-
serting five control rods on one side, leaving eight control
rods fully out, and operating the remaining five as a bank to
give the required reactivity ramp. The latter had a rate of reac-
tivity release at fast rod withdrawal speed of about 160 mN
min’', approximately half that available in the symmetric core
tests. Power was distributed in the four quadrants of the
asymmetric core in the proportions 35 per cent: 23 per cent:
11 per cent: 31 per cent with individual channel power ratios
of up to 6.

Fig 7 illustrates the most severe asymmetric transient which
resulted in a minimum doubling time of 5-5 seconds. The
graph also shows that the two thermal columns A and B, on
opposite sides of the core, whilst having absolute flux levels
differing by a factor of three, showed a similar response to
the transient in terms of percentage rate of change of flux per
minute.

Reactivity ramps at power

In order to demonstrate the validity of the computer codes
close to postulated CAGR fault situations, it was necessary
for these tests to achieve as high a power and average clad
temperature as possible above the normal WAGR operating
conditions of 100 MW and 700°C. The criterion limiting the
transients arose from the need, on economic grounds, to en-
sure with a reasonable degree of confidence that only a few
(one or two) pins might fail in the transient. This requirement
was imposed because on completion of the programme any
failed fuel would have to be located, discharged and bottled

before storage in the Windscale ponds. Certain calculations
indicated that fuel/clad interaction due to thermal expansion,
rather than excess internal pressure might prove to be a pos-
sible cause of failure in WAGR if the power significantly ex-
ceeded 130 MW at an average peak clad temperature of
900°C (absolute peak temperature, 1 040°C). These levels
were taken therefore as the limit for the transient. However,
the core was first subjected to a transient of 130 MW at an
average peak clad temperature of 800°C, when the increased
clad strain due to lower thermal expansion of the clad would
be more than compensated by higher clad ductility at 800°C.
The final test at 130 MW and 900°C could then be performed
without imposing any additional strain on the clad due to
fuel/clad interaction.

The final transient is graphed at Fig. 8. A full survey for
failed fuel in the core, using the reactor BCDG, was made
after these experiments with the result that one stringer was
detected to contain a failed pin. The history of the stringer
suggests that the failure was probably due to excess fission
product gas pressure rather than fuel/clad interaction.

Fission product measurements

The fate of fission products released as a result of a small hole
developing in the cladding of a fuel pin during normal opera-
tion, or released as the result of local clad melting consequent
to a fault, is of considerable interest in safety studies. Most of
the released material either plates out on cool surfaces within
the circuit, is trapped in the filters or is deposited as dust par-
ticles at various points around the circuit. Several experiments
were performed to improve the accuracy of the data on such
effects.

Four fuel stringers previously discharged because they had
developed small pin failures were reloaded into the reactor,
only one such stringer being in the reactor at any one time. In
the case of the first two stringers the caesium release was
monitored by mounting steel specimens in the gas stream
above the fuel and withdrawing the stringer from time to time
to measure the caesium activity on the steel specimens. lodine
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