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The release of fission products from AGR fuel failures and the way in
which the signals from such failures must be detected against the back-
ground signal from uranium contamination of the fuel is considered.

Theoretical assessments of failure detection are used to show the
limitations of the existing Electrostatic Wire Precipitator Burst Can
Detection system (BCD) and how its operating parameters can be optimised.

Two promising alternative methods, the 'split count' technique and the
use of iodine measurements, are described.

The results of a detailed study of the mechanical and electronic
performance of the present BCD trolleys are given. The limited experience
of detection and location of two fuel failures in CAGR using conventional
and alternative methods is reviewed. The larger failure was detected and
located using the conventional BCD equipment with a high confidence level.
It is shown that smaller failures may not be easy to detect and locate
using the current BCD equipment, and the second smaller failure probably
remained in the reactor for about a year before it was discharged.

The split count technique used with modified BCD equipment was able to
detect the smaller failure after careful Inspection of the data.



1. INTRODUCTION

It has been established from the study of over 150 fuel failures in
the Windscale AGR that three categories of fission products are emitted in
significant quantities while the failures are in the reactor. One of
these, radioactive caesium, deposits readily on circuit surfaces and,
because of the 30 year half-life of the isotope caesium-137, the continued
occurrence of fuel failures will result in an increasing exposure rate in
CAGR boilers throughout operating life.

The need to limit caesium release from conventional fuel failures is a
major incentive to detect, locate and remove individual fuel failures as
quickly as possible. The caesium released from a fuel failure cannot be
used to detect its presence because its ready deposition on surfaces pro-
hibits the build-up of high concentrations in the coolant and thereafter
results in its virtually total deposition on any pipe used to sample the
coolant. By contrast, the fission product rare gases emitted by failures
do not deposit at all. These present the most obvious method of detecting
the presence of a fuel failure and have been used for this purpose in all
gas cooled reactors from the earliest Magnox designs.

The third category of released fission products are the isotopes of
iodine. Levels of iodine-131 at the station boundary resulting from
coolant leakage are the major environmental consequences of normal
operation with a failure present. The deposition behaviour of iodine is
intermediate between caesium and the rare gases. Deposition does occur and
is important in controlling the levels of iodine in the coolant but it is
sufficiently slow to enable iodine to be readily detected at the end of
sampling pipes. It presents a promising alternative to the rare gases as a
means of locating fuel failures.

Whatever method is used to detect fuel failures, the signal due to the
failure must be detected against a background signal due to uranium con-
tamination on the fuel elements in the reactor core. It is at once clear
that any detection system will be potentially much less sensitive at a CAGR
than at Windscale AGR since a CAGR may contain twelve times as many
contamination bearing fuel pins as does Windscale AGR.

The equipment provided on CAGRs for the detection and location of
failures is known as the Burst Can Detection gear (BCD). This makes use of
the fission product rare gas release from the failure and, in order to dis-
criminate against other radioactive gases not originating from fission
which are plentiful in the coolant, it uses the well established wire pre-
cipitator technique. In this method, a sample flow of coolant gas is
continuously drawn through a chamber, held at a large positive potential,
which has an earthed wire passing through it. Rare gas atoms decaying in
the chamber create ionised daughters which are attracted to the wire and
adhere to it. The wire is periodically drawn into a second chamber where,
if the daughter is radioactive, its {3-decay can be detected with a thin
phosphor and PM tube. This system, while discriminating very well against
isotopes that do not have active daughters, such as argon-41, oxygen-19 and
nitrogen-16, also fails to respond to many of the fission product rare
gases because they too have stable daughters.

Whereas the operation of the precipitator, described above, is very
similar to that used in all. the Magnox stations, the system used on CAGRs
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to sample coolant gas is much more rudimentary than the Magnox systems»
The CAGR sampling system is split into two distinct parts. There is a bulk
coolant sampling system, in which gas from any one of the boiler units may
be drawn through to the precipitator. This system is left running continu-
ously and its purpose is to DETECT the onset of fuel failures» There is
also the single channel failed fuel LOCATION system where gas from indi-
vidual standpipes can be sampled via a fixed half coupling and passed into
a precipitator. Currently each standpipe is sequentially coupled by hand.
The precipitator is contained in a mobile self-contained unit, the 'BCD
trolley', which is used for both bulk and single channel sampling. The
trolleys are of a standard design on all CAGRs.

This paper will review how well the measured behaviour of the CA6R BCD
system can be predicted and how such analyses can be applied to choosing
optimum parameters for operation of conventional BCD and for assessing the
merits of modified forms of BCD such as the 'split-count* method or
radically different detection methods such as the use of iodine isotopes.

Whatever developments take place, the precipitator technique is likely
to remain as the basis of one of the detection methods. Therefore the
mechanical and electronic performance of the BCD trolley will be a very
important matter. A study of trolley performance has been carried out.

Two conventional failures (Hinkley Point B R4KO5 and R4Q11) have been
detected and discharged. Such existing evidence is reviewed and
predictions made for future improvements.

2. THEORETICAL TREATMENT OF FAILURE DETECTION

2.1 Introduction

Theoretical studies of failure detection methods designed to optimise
performance or compare different methods can be carried out provided both
the signal due to the failure and the background due to contamination can
be correctly calculated. In this section the calculational method is
explained and its ability to predict failure signals is demonstrated.
Thereafter some theoretical predictions of ways in which improved detection
and location of failures can be achieved are enumerated.

2.2 Fission Product Release from Failures and Contamination

Fission products escaping into the coolant from a fuel failure must
first have spent time diffusing from their place of birth to the surface of
the U02 fuel before they can become free in the can interspace. Further
time nay be involved in the subsequent release from the interspace, through
the failure site to the coolant. The first stage, in the UCL, can involve
several complex processes depending on the temperature and burn-up of the
fuel. It has been extensively studied principally with the objective of
calculating the pressure build-up in the fuel can due to the release of

- 3 -



stable fission product gases to the can interspace. Much less is known
about the release of fission products from U02 in failed pins where there
is the possibility of coolant interaction. In addition only limited
studies have been made of possible mechanisms involved in the subsequent
hold-up of fission products before their release from the interspace to the
coolant. Thus at present it is not possible to predict with confidence the
magnitude of the hold up which will take place. However, its overall
effect on the amounts of fission products released from a failure can be
obtained by sampling the coolant for the rare gas fission products and
fission product iodine and determining the amounts of each isotope present
by high resolution gamma spectrometry. Measurements at the time of the
Hinkley Point B failure R4KO5 show that in this case the release-to-birth
ratio of the rare gases varied approximately as \ - 1 (Figure 1). As the
results of theoretical assessments of failure detection depend strongly on
the assumptions made about the release-to-birth ratio (R/3) f*om the fuel,
most of the studies discussed in this paper have examined the effect of a
weak and a strong A.-dependence » The former (R/B a \~*^) ±s the weakest
dependence that would be expected with some form of diffusion through fuel
grains as the only hold-up mechanism affecting the rare gas release. The
strong A.-dependence chosen (R/B a X."3/2) is that measured from a Windscale
ÀGR failure.

The release of fission products from contamination is assumed to be by
direct recoil into the coolant so that the release-to-birth ratio should be
independent o? the half-life of the fission product. This has been demon-
strated for rare gases by measurements made early in reactor life at
Hinkley Point B (Figure 2) when contamination was the only source term.

2.3 Basic Nuclear Data

Fission product yields, decay schemes and half-lives of the fission
products and their daughters are all sufficiently well known. It is a very
important point in analysing the performance of the conventional BCD system
that not all the rare gas fission products have radioactive daughters.
Those which do, and which therefore are able to contribute to the precipi-
tator signal are indicated in Figures 1 and 2. It should be noted that the
longest lived rare gas to have an active daughter is Kr-88 (half-life 2.8
hours). .

2.4 Mixing in the Circuit

When a failure occurs, incomplete gas mixing between the failure site
and the BCD sampling position in that channel may lead to significant vari-
ations in sampling efficiency depending on the relative orientation of the
BCD pipe and the failed pin.

After leaving the channel the gas is assumed to enter uhe adjacent
boiler unit. Lack of mixing of the coolant from the channels on the first
pass into the boilers may lead to variations in the magnitude of the signal
at the bulk sampling point. This will be most significant for the short-
lived gases and is likely to be worse at Hartlepool and Heysham where the
BCD sampling point is in the top duct, i.e. before any mixing can take
place in the boiler.
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It is usual to assume that once the coolant reaches the lower plenum
it is completely mixed and thereafter fission products from a failure are
uniformly distributed among all the channels. In practice mixing is
unlikely to be as good as this, but the simplification is adequate for
long-lived fission gases which are recirculated many times and irrelevant
for those gases whose half-lives are so short that build-up in the coolant
due to recirculation is negligible. Calculational errors due to this
approximation are likely to be most significant for fission gases with
intermediate half-lives (i.e. the order of 30 seconds).

2.5 Deposition in the Circuit

No deposition of rare gases takes place but for iodine deposition on
circuit surfaces is the most important factor in determining the build-up
of iodine in the coolant and the degree of spatial variation in iodine
levels which exists when a failure is present. Calculations of the
behaviour of iodine isotopes have assumed that iodine iv < AGR will behave
in a similar manner to that found in Windscale AGR, i.e that in the event
of failure, deposition on reactor surfaces ensures that the concentration
of iodine-131 in the gas from the channel containing the failure exceeds
that from other channels by a factor which averages 30. It will be seen
later that experience with the Hinkley failure 4KO5 demonstrates this
assumption to be valid.

2.6 Transit Times

Various characteristic times are needed in calculating signals from
failures. These include the coolant circulation time (T4), the sampling
pipe transit times (Tl, T2) and, for the BCD system, the transit time
through the precipitator (T3).

The mass of coolant circulating is not known accurately since some of
the gas is stagnant in graphite pores and elsewhere, and this leads to
uncertainties in the coolant circulation time (T4 ~ 30 ± 10s for Hinkley
Point B). This affects the contribution to the signal from the shorter
lived isotopes but is not very critical in the overall calculation.

The transit time for the sampling pipework on individual channels (Tl)
is about 60 s at Hinkley Point B for a flow rate of 0.9 g s"1, but varia-
tions in the flow rate for individual BCD trolleys lead to uncertainties in
the transit times. The bulk coolant sampling line transit time (T2) is
much longer at Hinkley Point B (~ 300 s). Both of these transit times need
to be known accurately. They significantly affect the short-lived isotopes
Xe-139 (half life - 40s) and Kr-90 (half life » 32s) which can contribute
up to 25% of the signal. The bulk transit time is sufficiently long to
affect the amounts of Kr-89 (half life 3.2 min) reaching the trolley.

In principle, the time the sample gas spends in the precipitator unit
(T3) can be calculated easily from the precipitator volume (~ 30 s).
However, the accuracy of this estimate depends on the amount of dead space
and streaming in the unit.

For the BCD system three further times are required. These are the
soak time (T5) the snatch time (T6) and the count time (T7). These are
respectively the time the precipitator wire spends in the precipitator, in
transit to the counting chamber and in the counting chamber itself. They
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affect the relative contributions of the active daughter products and are
all known to sufficient accuracy.

2.7 Computation of Signals from Fuel Failures

Figure 3 shows a comparison of reactor measurements when the failure
R4R05 was present in the reactor with the results of computer calcu-
lations. The trolley was operated at a number of soak/count times
producing a significant variation in the composition of the rare gas
daughter products contributing to the signal. It is seen that the agree-
ment is good.

It is not possible to determine from BCD measurements alone many of
the parameters required to describe the system, however various parameter
combinations can be chosen that reasonably reproduce the behaviour. There
are also independent measurements that can be used as a check. For
instance» measurements of the concentration of rare gases in the coolant
have given an indication of the mass of uranium contamination in the core,
and this value gives a good comparison with BCD results if a reasonable
value for the precipitator efficiency is assumed.

3. THE PREDICTION AND OPTIMISATION OF FUEL FAILURE SIGNALS

3.1 Introduction

Whatever failure detection system is considered, the onset of a
failure must be detected by an increase in the BCD signal which is so large
that it is unlikely to be due to the random fluctuations of the background
signal from uranium contamination, due to such causes as flow variations or
the random nature of radioactive decay. In the subsequent single channel
survey the variations in level of contamination from channel to channel
will be a very significant contribution to the background signal above
which the failure channel must be identified.

Optimisation of failure detection and location consists of finding
ways of either increasing the increment of signal due to the failure or
lowering the amount of noise against which it has to be detected.

The stringency of the criterion used as an appropriate 'action level*
depends on the frequency of false alarms which can be tolerated, which in
turn depends on the nature of the 'action' which follows. For single
channel surveys, a much lower action level can be set if channels thus
identified are only to be noted for further observation than if they were
to be discharged. These 'identified' channels are monitored throughout
their residence, particularly when rises in bulk BCD activity occur. An
example given in section 5.3 of this report shows how channel 4Q11 at
Hinkley Point B was noted as a 'failure suspect1 when it deviated by 2.1a
from the split-count line. It should be noted that for a survey of 300
channels with normally distributed signals, and containing no failures,
approximately 7 channels would be expected to be greater than the 2a level
and approximately 2 channels greater than the 2.5a level.

3.2 Optimum Use of the Bulk BCD System

When a fuel failure occurs the fractional increase in the concen-
trations of noble gas fission products in the gas entering each boiler unit
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will be greatest for the long lived isotopes (this is because the rare
gases released from fuel failures are deficient in short-lived isotopes).
Consequently to detect a fuel failure the BCD system should be used in such
a manner that the maximum possible fraction of the signal is from the
longest lived noble gas isotopes. This can be done by several methods.

a) Increase the transit time from the source to the precipitator.
b) Increase the transit time through the precipitator.
c) Increase the soak time.
d) Increase the count time.

With the design of BCD system used on CAGR at present (a) and (b) are
both achieved by reducing the sample gas flow rate and (c) and (d) are
achieved by increasing the combined soak/count time. Figure 4 shows how
the minimum detectable failure size for the bulk system at Hinkley Point B
varies as a function of flow rate for several soak/count times, calculated
assuming a release-to-birth ratio a \"3/2 for gases released from the
failure and assuming that the noise is due only to normal statistical
fluctuations in the radioactive decay of daughter atoms on the wire. The
maximum sensitivity occurs at about 5 x 10~5 kg s"1; at lower flow rates
then this the count rate for the longest lived isotopes is sig-nificantly
less so the. accuracy of measurement is reduced. There is not much
advantage to be gained at Hinkley Point B by reducing the flow rate below
the normal value of 9 x 10"*1* kg s"1 but any improvement in sensi-tivity by
altering the flow rate will only be gained by reducing the flow. The
advantage of an increased soak/count time is obvious from Figure 4.

In addition to detecting failures, the bulk BCD system offers,
potentially, a method of rapidly obtaining a partial location of a fuel
failure. At Hinkley Point B a higher BCD signal in one of the 12 boiler
units would indicate that the fuel failure was in one of the 26 channels in
the corresponding region of the core. The results of some calculations
presented in Table 1 for which it was assumed optimistically that a single
boiler unit receives all the gas from a channel containing a large failure
(R/B for Xe-133 = 1 ) , it is clear that if the fractional release of rare
gas isotopes has a strong \-dependence (R/B a \~3/2) the difference between
the BCD signal from the boiler unit containing the failure and that from
the others will at best be quite small.

TABLE 1

Bulk BCD Signals Using the BCD Trolley in the Normal Mode at
the Normal Gas Sample Rate

BCD Signal Ratio

(Boiler unit corresponding to failure)/
(Other Boiler Unit)

(Boiler unit after failure)/

(Boiler unit before failure)

R/Bo\"1/2

1.29

175

R/Ba\"3/2

1.03

4.0
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A small failure or a reduction in the flow rate to increase the
transit time aimed at increasing sensitivity for detection would further
reduce the difference.

3.3 Optimisation of the Single Channel BCD System

Surveys using the single channel BCD system can be initiated for two
reasons: to locate a failure which has been detected by the bulk BCD
system or, in a more speculative manner, to build up information about
individual channel signals, to monitor suspect channels and even to iden-
tify directly failures which have escaped detection on the bulk system.

Used in either mode the optimisation is far from simple. If there
were no background signal from contamination, the ratio of the concen-
trations of rare gas isotopes in the channel containing the failure and in
a 'clean' channel would depend only on the magnitude of the radioactive
half-life of the isotope compared with the reactor coolant circulation time
which is typically 30 s. In such a situation, to locate a fuel failure,
the maximum possible contribution should be from the shortest lived
isotopes. In reality, there is a background signal and it is propor-
tionately richer in shorter lived isotopes. The effect of the background
depends upon \-dependence of the fractional release rate of the inert gas
isotopes and on the size of the failure. For a weak \-dependence
(R/B a \~1/2) the trolley should be used with a normal flow rate and middle
range cycle times giving a greater contribution from shorter lived isotopes
such as Kr-90 (half-life 32 s). Such failures should be relatively easy to
locate with normal BCD operation.

When the \-dependence is strong (R/B a \ ~ 3 / 2 ) , the contribution to the
gas concentration in 'clean' channels from background contamination will
exceed that from a large failure (R/B for Xe-133 = 1) for all isotopes
except krypton-88 (half-life 2.8h) and in the 'dirty channel' for all
isotopes except krypton-88 and xenon-138 (half-life 14.2 min). For smaller
failures the background contribution may be dominant for all channels and
all isotopes, and yet such failures might be large from the point of view
of iodine-131 and caesium-137 release rates. In these circumstances it is
suggested that the system could best be operated under conditions which
enhance the contribution to the signal from the longest lived isotopes.
This can be done by reducing the sample flow rate through the trolley.
There is also an advantage in taking the mean of several successive
measurements at each channel or in increasing the cycle time. However, all
these steps would introduce a penalty in terns of the total time taken for
a survey, unless modifications were made to the sampling procedure.

The location of failures with strong X-dependence, particularly small
ones, appears to be one of the major difficulties predicted for the BCD
system. In the next section two methods, which may be of value in locating
this type of failure, are reviewed.

3.4 The Split-Count Technique

In the split-count method, gas is sampled from each channel and the
solid daughters of the rare gas fission products are collected on the pre-
cipitator wire, as usual. When the wire is subsequently counted the
counting time is divided into two parts (A and B). The difference between
the number of radioactive decays measured in the two periods (A-B) and

- 8 -



and either the sum of the two counts (A + B) or the second (B) count are
plotted against each other on a graph. In the absence of a failure there
should be a linear relationship between the (A-B) count which contains
short-lived Isotopes and the (A+B) or (B) signal which is mainly due to
long-lived isotopes. A fuel failure would give rise to a point somewhat
below this line due to the greater amount of long-lived gases. The method
therefore uses 'spectral' information to distinguish a failure channel from
channels whose contamination signal may be as large or larger.

The method was developed at WAGR where it was successful in detecting
failures which could not be detected by conventional BCD methods. The
technique would appear to be particularly effective when the range of
normal contamination signals is very large which was the case at WAGR.

3.5 The Use of Iodine Measurements to Detect and Locate Fuel Failures

Experience at Windscale AGR and at Hinkley Point B has shown that
fission product iodine is readily detected in gas sampled through long
steel sample pipes. Measurements of iodine-131 concentration in reactor
gas are made routinely each day at each reactor at Hinkley Point B. It is
therefore possible in principle to use iodine measurements to detect
failures. Iodine-131 is the most limiting fission product isotope from the
point of view of release to the environment, and using that isotope to
detect and locate failures is, therefore, aesthetically satisfying. There
would be no possibility of a failure which released large quantities of
iodine-131 remaining undetected or unlocated.

There are more fundamental reasons for using iodine concentration
measurements. As has been discussed earlier, fission products released
from fuel failures will tend to have a smaller proportion of short-lived
fission products than will the release from contamination. Consequently,
longer lived isotopes will show a greater fractional increase in
concentration in the event of a fuel failure and hence lead to easier
detection. Iodine-131, 133 and 135 have half-lives longer than those of
the rare gases which contribute to the present BCD signal. Conversely,
recirculation in the reactor of the long lived fission gas isotopes hinders
the location of the failure. It has been found at Windscale AGR that, in
the event of a fuel failure, deposition on reactor surfaces ensures that
the concentration of iodine-131 in the gas from the channel containing the
failure exceeds that from other channels by a factor which averages 30; for
krypton-88, with no deposition, that factor would be about 1.4. Obviously
were this to be generally the case in a CAGR, iodine measurements would
offer a potentially useful method of locating failures. They could also
offer the opportunity of a rapid partial location of the failure using a
bulk sampling scan, which, as has been shown already, appears not to be
promising for rare gases.

4. IMPROVEMENTS TO THE BCD HARDWARE

In order to approach the theoretical performance assumed in section 3
of the existing BCD system it is essential that the mechanical and elec-
tronic performance of the Plessey Mark XI trolleys and their associated
sampling gear be carefully optimised.

An improvement in the accuracy of the signal read out and the ease
with which the measurement is taken can be achieved by replacing the

- 9 -



existing electronics with a new digital electronic system. At present the
pulses from the acintillator photomultipller assembly are integrated on a
capacitor, and the resultant voltage displayed on a meter. It would be
better if the electronics was kept digital so that the pulses could be
counted directly with sealers. It is an important but quite separate con-
sideration that a digital electronics system such as this must be fitted to
the trolleys before they can be used in the split-count mode.

In practice the trolleys are changed fairly frequently both for
routine maintenance and repair, and it is found that there are significant
differences between the BCD signals recorded by different trolleys. This
is a major problem in fuel failure detection. If the bulk BCD trolley is
changed for any reason, the associated change in the bulk BCD signals is an
extra source of noise making the relatively small increases in the signal
due to fuel failures more difficult to detect. These trolley differences
may arise from inherent differences in trolley components or from
differences in their setting up. Signal differences between two trolleys
as large as 40% hâve been reported. Â major part of this variation has
been identified as being due to faulty photomultiplier tubes and to sample
gas flow differences which have been measured to be up to 16% and which
would give signal differences of a similar magnitude. The total gas flow
through the trolley is controlled by an orifice plate, the gas flow through
this plate is a function of the orifice area and the upstream pressure
which is set manually during maintenance. The total gas flow through the
trolley is comprised of the combined sample gas flow and the purge gas
flow; the role of the latter being to prevent sample gas passing directly
from the precipitator chamber to the counting chamber and thus giving a
large background count. Any change in the purge flow causes an equal and
opposite change in the sample flow. Reduction of flow variation between
trolleys would appear to be the most important single improvement that can
be made to the system. This could probably be done with new orifice plates
manufactured to a closer tolerance and with the precipitator pressure care-
fully adjusted.

Other possible causes of variation between trolleys such as variation
in soak/count timing have been shown to be small.

5. FAILED FUEL DETECTION EXPERIENCE ON CAGR

5.1 Introduction

One fuel failure (Hinkley Point B R4K05) has been unambiguously
detected and located using the conventional BCD system. Another stringer
(Hinkley Point B R4Q11) was discharged after considerable investigation by
a variety of detection methods and subsequently shown to contain a manu-
facturing defect. On this basis and the experience gained from five years
of CAGR operation, it is possible to make a number of additional practical
comments about the performance of the conventional BCD system and other
methods.

5.2 Conventional BCD

The way in which the BCD system is operated for both bulk and single
channel BCD varies from station to station. The following experience
relates to Hinkley Point B but it should however be of general relevance.
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On the bulk system at Hlnkley Point B there are twelve sample lines,
one from each boiler unit and each may be individually sampled using a
solenoid valve. If any of these valves leak, a mixed flow of sample gas
will arrive at the precipitator and the sample transit time will be longer.
Sample times may also differ due to differences in sample pipe lengths.
Thus there is the likelihood of significant variations in signal in moving
from one boiler unit to another, Previous operating procedure was to
sequentially sample from each boiler unit. However, as was shown in
section 3 failures will give almost equal BCD signals in each boiler unit
and there is very little possibility of partial location using the boiler
scan method and this procedure has now been discontinued*

Single channel scans are carried out periodically, the intention being
to detect any small failure in the core that did not increase the bulk
signal significantly. This implies that it is not expected that any
channel will be very far from the main distribution of channels, otherwise
an increase in the bulk signal should have been detected. It is difficult
to locate small failures from one single channel scan as there is no way of
differentiating between failed fuel and high contamination levels using
conventional BCD equipment. However, if the data from one scan is compared
with previous data it may be possible to detect failures by a change in
their relative postion in the distribution. At Hinkley Point B single
channel surveys are compared with previous surveys in an attempt to find
channels that move in the distribution, and channels with consistently high
signals.

Any channels that are found to be consistently high or have changed
significantly from one scan to another are noted, and occasionally the gags
of the noted channels are opened and then closed in an attempt to provoke a
release of fission products from any failure in that channel, with the BCD
trolley sampling from the tested channel. The failure R4Q11 at Hinkley
Point B was verified using this method.

5.3 Split-Count Technique

In September 1978, while Hinkley Point B R4 was operating steadily at
about 900 MW(Th), the split count technique was tested on a sample of 90
channels using a standard CAGR precipitator with a digital counting system
similar to that described in section 4. The results of this survey are
shown in Figure 5. Although only one channel, Qll, fell more than 2a below
the regression line, it was not thought at the time of survey to be a
failure, being only marginally outside the 2a level. With approximately 90
channels being sampled it might be expected that at least one channel would
be outside the 2o~ level. Later on, in two further, small, split-count
surveys Qll behaved normally and it was another year before the 'gag
wagglingT tests on Qll produced sufficient evidence to cause its discharge
as a suspect failure. More recent analysis of the original data taking
changes in reactor conditions into account, has shown that Qll lay up to 5a
from the regression line.

5.4 The Detection and Location of the Hinkley B Failure 4K05

On November 2, 1978 at Hinkley Point B R4 a high BCD signal was
observed after a power cycle. A boiler unit bulk BCD scan showed no boiler
unit with an obviously larger signal than any other unit (as predicted in
section 3.3) and a pile cap survey was started. A high signal level was
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found in channel 4KO5. Thus the failure was detected and located in the
manner intended and with a high confidence as the failure signal was rela-
tively large. The bulk signal had increased by 25% when the alarm was
activated and the single channel survey showed 4K05 to have a count of
25000 while the channel average was about 14000 with a standard deviation
of about 700 (see Figure 6). Gas bottle measurements of the rare gas
released from 4K05 show the failure to have been a large cne in terms of
gas release (the equivalent of about 3% of all the Xenon-133 born in the
UQ, of c single pin w~ being released from the failure).

Split-count measurements made at this time on seven channels including
4KO5 showed that channel to lie up to 15 residual standard deviations from
the regression line. The technique would thus have been able to locate the
failure with a high degree of confidence but not significantly greater than
the conventional method.

It is clear from the iodine measurements taken at the time of 4KO3
that this technique offers great promise. The daily iodine measurements
taken by station staff showed a much larger increase in bulk signal than
was observed on the BCD system. The measurements of iodine in the 4KO5
channel were, on average, over 20 times larger than other measured
channels. No iodine scan of the bulk sample points was possible during the
time this failure was present but the single channel results suggest that
had such a survey been done clear evidence of the sector in which the
failure was located would have been gained.

6. CONCLUSIONS

6.1 The conventional BCD equipment at Hlnkley B was able to detect and
locate the failure 4K05 with a high confidence level. Failures much
smaller than 4K05 may not be easy to detect and locate using the standard
trolley.

6.2 Optimisation of the bulk BCD system for failure detection is achieved
by maximising the signal from krypton-88 (half-life 2.8 hours). Bulk BCD
sampling from individual boiler units after the initial detection of a
failure is unlikely to allow the partial location of failures.

6.3 The split-count technique has produced encouraging results in limited
tests at Hinkley B. More surveys using this technique need to be done
before its worth can be fully evaluated.

6.4 Iodine measurements also appear promit ag for both detection and
location of failures.
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