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1. INTRODUCTION 
The Specialists' Meeting on "Gas-Cooled Reactor Core and High Temperature 

Instrumentation" was held at the Beech Hill Hotel, Windermere in England on June 
15-17 1982. 

The meeting was sponsored by the IAEA on the recommendation of the International 
Working Group on Gas Cooled Reactors and was hosted by the Windscale Nuclear Power 
Development Laboratories of the UKAEA. 

The meeting was attended by 43 participants from Belgium, France, Federal 
Republic of Germany, Japan, United Kingdom of Great Britain and Northern 
Ireland and the United States of America. 

The objective of the meeting was to provide a forum, both formal and 
informal, for the exchange and discussion of technical information relating to 
instrumentation being used or under development for the measurement of core 
parameters, neutron flux, temperature, coolant flow etc in gas cooled reactors. 

The meeting was opened by the Chairman, Mr R R Gailie on behalf of the 
UKAEA and by Mr J Kupitz on behalf of the IAEA. 

The technical part of the meeting was divided into five subject sessions-.-

(A) Temperature Measurement 
(E) Neutron Detection Instrumentation 
{O HTP. Instrumentation - General 
(D) Gas Analysis and Failed Fuel Detection 
(E) Coolant Mass Flow and Leak Detection 

A total of twenty-five papers were presented by the participants on behalf 
of their organizations during the meeting, and an opportunity for open discussion 
of the paper topic followed each presentation. 

A programme of the neeting and list of participants are given in appendices 
to this report. The papers presented will be entered into the international 
Nuciear Information System (INIS). 

2. SUMMARY OF MEETING 
2A. Session I: Temperature Measurement 

Chairman: Mr I Wilson 

The meeting considered seven papers at this session. Five of the papers discussed 
the problems of making measurements of temperature with thermocouples in a reactor 
environment at high temperature. The further two papers described the technique 
of noise thermometry which offered an alternative route for high temperature 
measurement that overcame many of the problems associated with thermocouple measure
ments but having an alternate set of problems, which were described. 

Paper 1 presented by C Rodriguez described the approach to HTGR cor'e outlet 
temperature measurement in the Peach Bottom prototype reactor and the 330 MWe 
reactor at For St Vrain. The Fort St Vrain reactor which has been generating 
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electricity since December 1976 has permanently installed thermocouples which are 
inconel sheathed, magnesium oxide insulated with Geminol wire. The sheath dia
meter is 6.35 mm with a wall thickness of 1.02 mm. The design of the reactor 
allows these fixed thermocouples to be calibrated against traversing thermocouples 
and checks have indicated that the installed thermocouples are reading within 
+ 2°C of the traversing thermocouple. Discussion revealed that the installed 
thermocouples operated at 800°C with checks being made every 3 months. It was 
intended to use small diameter replaceable thermocouples, inserted into guide 
tubes, in a larger design of reactor. The use of acoustic thermometry was also 
being considered. 

Paper 2 was presented by Dr-Ing G E Kaiser. 

The paper discussed the problems of temperature instrumentation of THTR. He 
described the decision tree which lead to sensors being categorised 
- to the level of safety and availability 
- as measuring gas or structure temperature 
- as replaceable or non replaceable 
- as being pssitioned inside or outside the liner. 

Following these categories, we find 8 groups of temperature measurement 
sensors, whose details were shown in slides from the site of THTR 300: 

(1) Hot Gas Temperature SG inlet 
(2) Cold Gas temperature SG outlet 
(3) Hot Gas temperature Core outlet 
(4) Metallic structure temperature 
(5) Graphite structure temperature 
(6) rCRV structure temperature 
(7) Gas temperature in metallic structures 
(8) Gas temperature in graphite structures. 

All 9afety or operational related sensors are replaceable. Non replaceable 
sensors only serve for calibration and design verification. It was noted that 
'hot-spots' were not a problem in TKTRs and these temperatures could be 
estimated from replaceable thermocouples once systematics had been measured. 
However, if material property changes occurred (eg graphite conductivity) th ere 
could be a problem. 

Dr Kaiser also described the routing of thermocouple lines through the PCRV which 
required a high pressure seal. The unit which used glass seals was viable under 
fault conditions and had been tested for vibration failure. 
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Paper 3 presented by P J Gentry discussed the problems of using chromel/alumel 
and nicrosil/nisil thermocouples to measure temperatures in systems with large 
thermal gradients. A series of experiments were described and their analyses 
using the computer program TWIST. Errors were due to insulation degradation 
caused by some part of the thermocouple route passing through a region of high 
temperature. Typically for the experimental conditions examined, errors of up 
to 200 C had been measured when 15 metres of the thermocouple cable was at 
1000°C. 

The sense of the error induced was such that the measured temperature was moved 
towards the coil temperature. The thermocouple measurement returned to normal 
when th. cable was removed from the high temperature zone. Mr Gentry noted the 
difficulty of using the TWIST program to predict thermocouple systematics without 
a detailed knowledge of the whole thermocouple environment and a knowledge of the 
insulation resistivity of the thermocouple in question. Insulation resistivity 
was extremely variable in the thermocouples examined. It was noted that, with 
improved quality control and thermocouple handling, this variability could be 
significantly reduced. No long term changes in property had been detected, and 
diffusion did not appear to be a problem with these thermocouples. Transient 
errors lasting 15 minutes after changes in temperature could have been due to 
changes in crystal structure. 

M Kendal presented Paper 4 which describes a series of experiments in a WAGR loop 
in which mainly chromel/alumel thermocouples both irradiated and unirradiated had 
been used to monitor temperatures approaching 1300°C. The experiments were only 
of short duration lasting approximately 20 minutes but of the 61 thermocouples 
used only one possible failure was observed. During the experiment thermocouple 
loop resistance and insulation resistance were also monitored and care was taken 
to ensure that the effect of the applied voltage had decayed before the next 
temperature measurement was made. 

Measurement errors of up to 50°C due to temperature gradient effects were observed 
on gas inlet thermocouples as expected from the TWIST analysis. No direct 
estimate is available of the errors on the high temperature thermocouples but the 
consistent results from the chromel/alumel and so;ne nicrosil/nisil thermocouples 
suggest that the error was small. 

Paper 5 presented by A Thurlbeck described the prolem of monitoring the tempera
ture in the severe environment at the centre of a WAGR fuel pin. The design 
was required to monitor up to 1538°C and to provide a pressure seal between the 
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fuel and coolant gas. W-26% Re/W-3% Re leads were linked to Cr/Al junctions 
within the can and the Cr/Al wires lead through the can end cap and out of pile. 

A number of thermocouple and pin failures occurred with this design some due to 
the oxidation of Ta, Mo, and Nb used to protect the thermocouple. Nevertheless 
the design operated satisfactorily for up to 727 days. Thermocouple accuracy 
continued to be a problem due to decalibration caused by transmutation of the 
R e 1 8 7 to O s 1 8 8 . 

Mr Thurlbeck described a modified design suitable for installation in a Commercial 
AGR which overcomes the major pin failure problems of the WAGR design. 

Papers 6 and 7 on temperature measurement by noise thermometry were presented by 
Mr M C Decreton and Prof. Dr R Hecker respectively. As an introduction to his 
paper Prof. Dr R Hecker introduced interesting information on the decalibration 
of NiCr/Ni thermocouples in HTR. These thermocouples had been irradiated in a low 
thermal flux (5x10^ cm - s"1) at a temperature of 950°C for between 8 months and 
2 years. Recalibration of these thermocouples in varying temperature gradients, 
revealed discrepancies of up to 4.8% at 960°C due to inhomogeneities in the 
thermocouple cable and absolute errors of up to 6%. 

Mr Decreton described the history of noise thermometry. He stated that since the 
mean square noise voltage from an electrical resistor depends linearly on the 
absolute temperature and the resistance only, being independent of resistor 
material and structure, the method does not suffer the decalibration problems of 
thermocouples. However the noise voltages developed by practical resistors are 
small and much development effort has been devoted to minimising the noise 
contributions from the effects of the sensor leads and the measuring circuitry. 
As in most methods the resistance must also be measured and the out-of-pile 
equipment required is -ubstantial. Mr Decreton described his technique which 
eliminates the need for resistance measurements by measuring both the rms voltage 
and current. A description of the 3 mi diameter thermometer probes being developed 
was given. Mr Decreton believed there to be no fundametal reason why a prcbe 
1.5 mm diameter could not be developed. 

Noise thermometry being a stochastic effect requires finite integration times 
to eliminate statistical error. Typically Mr Decreton's technique required 40 
sees to achieve an accuracy of 0.5% between 1000 and 1800°K in a laboratory 
environment. Every measurement is to some extent an experiment not easily suited 
to a process environment. Prof. Hecker described the development of a combined 
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thermocouple and noise thermometer which allows in-situ reealibration of the 
thermocouple by the noise thermometer. The system had been show to work effectively 
or. plant in environments which were extreniely noisy electrically. The system had 
applications in monitoring nuclear process heat, but would be equally useful in 
nor. nuclear environments where precision temperature measurements are required. 

2B. Session 2: Neutron Detection Instrumentation 
Chairman: Mr D S Hiorns 

Three papers were presented in this session. 

Paper 8, presented by Dr Goodings described a specification for neutron detectors 
required for the WAGR concluding experiments. This specification, especially the 
working range of nearly 4 decades, could best be met by gas ion fission chambers 
operating in the "Campbelling"mode. Since this mode exploited the stochastic 
nature of neutron interactions it parallels and shares some of the problems of 
interference and unwanted noise encountered in the noise thermometry techniques 
discussed in the previous session. The design and build of the detector system 
proved in operation '.o match closely the physics requirements, reflecting the 
good state of understanding of their operation based on extensive experience in 
AGRs. Interference problems, were reduced by the use of a new (in 1979) instrument 
cable, Trilaminex. 2 of the 9 detectors had failed probably due to stringer 
engineering difficulties, but the rest had continued to work rn the Campbell mode 
and had provided the results required. 

Dr Goodings explained that no problems were experienced of carbon dioxide leaking 
into the fission chamber and experience with similar devices showed no diffusion 
of reactor gas through the stainless steel walls of the unit, characteristics 
remaining stable over many years. Time domain reflectrometry successfully located 
the failures in instrument cables but he warned that when aoplied 1 mm thermocouple 
cables, high attenuation markedly reduced the sensitivity of the technique. PENA 
monitors had been considered but such self-powered detectors usually suffered 
from too slow a response or otherwise had problems with electrical leakage currents 
when called on to operate over a large range. 

Paper 9 presented by Dr Hecker also describes neutron detector design for a 
specific application, that of flux mapping in a large HTR, for which self-
powered neutron detectors were investigated. The power range demanded here was 
not large (5 - 100%) but operation at high temperature ( >500°C) was the main 
difficulty. Improved performance at approaching 750°C was achieved by careful 
cleaning and construction techniques to minimise parasitic electrical currents. 
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Moving outside the core because of the need to avoid the highest temperatures 
and therefore fluxes meant adopting a large area to achieve acceptable sensitivity. 
Both cobalt and gadolinium emitters were investigated in the thermal column of 
FRJ-1 MERLIN at Jtllich, and the latter proved to be especially suitable. 

In discussion, Dr Hecker said that the parasitic currents shown in Fig 8 were 
not reproducible at different times; the main point was that they were small 
« 1%). Fig 7 depicted the rapid response following a ' scram' from a flux 

13 level of 10 nv, showing that high "j£ -fields after a shut down presented no 
problems. 

In paper 10 presented by Dr Neef, the way in which near-core detectors in a 
pebble-bed HTR could be used to recognise in-core perturbations, especially those 
caused by spurious rod movements and fuel misloadings. A method which combines 
the axially averaged power information provided by the outlet gas thermocouples 
with the upper core information provided by fast neutron detectors installed in 
the top reflector has been studied theoretically. Calculations and measurements 
on the critical facility KAHTER further showed that flux measurements in the side 
reflector respond to axial distortions without radial attenuation, and can 
detect azimuthal and axial perturbations. A flux mapping computer program ZELT 
has been developed to synthesise 3D fluxes from all the near-core instrumentation, 
and was reasonable related to the KAHTER data. 

Dr Neef said no work had been done yet to prove the method in a power reactor. 
A simple theory/measurement comparison had not been provided because the coverage 
of measurements was insufficient to represent azimuthal variation without the 
assistance of a flux model. Also insertion of a control rod into ne critical 
facility reduced fluxes to a level too low for useful measurement. It was suggested 
that random error would render flux mapping difficult, but Dr Hecker explained 
that detection of large perturbations only had been attempted so far, and the 
ultimately desirable accuracy was yet to be determined. 

Moisture monitors to provide a reactor trip in the event of SG tube failure are 
likely to be based on the present FSV dew point device but probably of commercial 
design (EG & G). At the end of the presentation the author outlined proposals 
for an improved control room design including VDU disolays with touch sensitive 
screens and the incorporation of alarm analysis techniques. 

The paper also described the special instrumentation used on FSV to investigate 
the thermo-mechanical oscillations of the graphite columns, observed during the 
commissioning phase. This equipment included fission thermocouples (now thought 
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only useful to detect rapid power changes), microphones, sensitive accelerometers, 
and displacement transducers. 

In the ensuing discussion the author gave details of the provisions for fission 
product monitoring (on-line with the exception of iodine and tritium) and 
coolant ane\ysis. The current technique for monitoring for small water leaks 
(important for graphite corrosion) which are below the threshold of a dew point 
instrument (0.5 vpm) is to measure CO/CO2 levels using a gas chromotograph 
(1 per 10 mins). 

Paper 13 presented by Dr N Wakayama outlined the current instrumentation develop
ment for the Japanese VHTR (50 MWt). High temperature fission chambers using 
an isolated cathode and two ceramic/metal seals protected from the high pressure 
at a high temperature by a double vessel structure have been developed. These 
enable good common mode rejection and high signal/noise ratio. Devices have been 
operating at 600°C since 1978 and for periods of **• 500 hrs at 800°C to simulate 
accident conditions. Used in pulse and Campbelling modes, they provide a range of 
20 - 6 x 10 n cm sec~^. Compensated ion chambers operating up.to 400°C are also 
described. 

High temperature thermocouples (1000 - 1350°C) using multi-strand W-Re conductors 
20 have been developed. These provide accurate (2%) measurement up to/%/5 x 10 nvt 

above which nuclear transmutation causes increased drifts. Pt-Mo alloys have been 
investigated to provide better stability and obtained an accuracy of 0.8% for 
3000 hours at 1200°C. 

Oxidation was a problem but the experimental result shows that this can be overcome 
by a tantalum sheath which will act as an oxygen getter. The design and development 
program for a high sensitivity fuel failure detection system for coated particle 
fuel (CPF) was also described. 

2C. Session 3: HTR Instrumentation - General 
Chairman: Dr R Hecker 

This session discussed seven papers covering a wide range of topics including the 
measurement of primary coolant temperature, pressure ana moisture content together 
with neutron flux monitoring and the design of reactor protection systems. General 
papers were presented by both the US and Japan, the first covering recent experience 
with the instrumentation systems on Fort St Vrain and plans for a future 22^0 MW(t) 
reactor. The second outlined a range of df--c1opments for the proposed Experimental 
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Very High Temperature Gas Cooled Reactor (VHTR). The remaining papers detailed 
recent German developments for a 500 MW(t) process heat HTR (PNP500) proposed for 
the gasification of coal to synthetic natural gas and experience obtained on 
operating the experimental reactor AVR and the prototype THTR. 

Paper 11, presented by Dr-Ing G E Kaiser detailed the installation of safety/ 
safety related sensors, and particularly signal transmitters, in ways to protect 
them from the harsh environmental conditions that can be encountered under accident 
conditions. The installations described have been designed to satisfy the require
ments of a large number of safety guides eg IAEA D3, D8 and IEEE279. Techniques 
for the installation of a pressure transmitter were used to provide the principal 
examples. Installations on plant both with and without secondary containment are 
described, in the latter case it is proposed to integrate the transmitter into an 
extension of the PCRV through the concrete wall. This extension incorporates the 
transmitter and all necessary piping, isolation valves etc. 

Paper 12 presented by Dr C Rodrigues considered the evolution of HTGR instrumenta
tion in the USA to meet the requirements of a 2240 MW(t) reactor. Compared with 
Fort St Vrain (FSV) the larger core necessitates the incorporation of in-core 
detectors (12 proposed) to provide neutron flux mapping. Initially SPND's 
were considered but were rejected, because of high thermo-exectric currents, in 
favour of a Toshiba high temperature (1000°C) fission chamber. Initial sensitivity 
tests (satisfactory) have been performed in a TRIGA reactor and these are to be 
followed by operating tests in FSV. 

Outlet thermocouple installations similar to FSV are presently proposed but the 
increased number of measurement locations makes the ultrasonic thermometer 
increasingly attractive (see Paper 1). A simple total helium flow measurement is 
porposed with a &p measurement across the restriction between the steam generator 
cavity and the circulator input. Discussion revealed that an accuracy of "v>5% 
at 25% is expected. 

In discussion further design details of the fission chambers were provided. 
These utilise current amplifiers matched to the cable impedance (33-**•). The 
800°C ceramic/metal seals utilise very thin metal (Co+Fe+Cr) tubes and 98% 
purity AI2O3. 

There was support for the use of Pt-Mo alloys; the oxidisacion problem being 
considered solvable UK experience on CPF also indicated that acceptable failed 
fuel detection sensitivity could be achieved. 
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Paper 14 presented by D E Leithner and B winkenbaeh considered the neutron 
flux and temperature measurement appropriate to a 450 HHe reactor designed as a 
successor to the German THTR 300 MVe prototype. Justification was given for 
utilising a similar instrumentation concept as that developed for the prototype 
for reactors up to 900 Mae ie simple integral measurements for the reactor 
protection system without spatial resolution. Xenon oscillations are claimed to 
be negligible in pebble-bed reactors up to 900 W e with low enrichment fuel and 
changing the axial and radial power profiles, while maintain!"£ normal gas outlet 
temperature has only a small effect on fission product release. It is more 
important to have some control of radial profile to limit the temperature chances 
seen by the steam generators. 

A derailed discussion showed that the range <1& decades) of the proposed neutron 
detection system includes the range of the zero energy experiments. 

Papers 15 and 1? presented by Dr H G Spiilekothen outlined the current 
German plans for the instrumentation and protection systems of the proposed 
500 MW»t) Prototype Nuclear Process Heat Reactor, PNP 50C. This plant will 
have a gas outlet temperature of 980 C and is intended for the gasification of 
coal to natural gas. The first paper detailed the proposed neutron flux and 
outlet temperature instrumentation. Two diverse sets of power rst:.zt flux 
instruments are proposed to satisfy safety requirements. The first system is 
installed between the side reflector and the thermal shield at four azimuthal 
positions. At each position, six equally spaced large area self powered 
detectors are axially distributed. SNPD's were chosen because, at the time there 
were no high temperature fission chambers available. The second, diverse, system 
if- installed in the pre-stressed concrete vessel, directly below the liner and 
consists of four boron lined ionisation chambers with a sesitivity of 10 A/nv. 
Additional pulse and AC fission chambers are providea for start-up and intermediate 
range measurements. Gas outlet temperature is to be measured by <v 20 exchangeable 

2 NiCr-Ni and PtRh-Pt thermocouples (ie 1 thermocouple per m core section). 

Inconel 800 sheaths are to be utilised. It is claimed that these will give adequate 
measurement of temperature profiles to guarantee the lifetime of heat exchangers. 
In situ calibration is to be performed by noise thermometry (see P6 and P7). 
The second paper described the design of the reactor protection system which 
initiates the engineering safety features. This system has been designed with 
the appropriate degree of diverrity, segregation and immunity to earthquakes, 
flood and human errors etc. It is considered particularly important to prevent 
activity being introduced into consumer gas. An attempt is also being made to 
limit the maximum tritium contamination of the product gas to 10 pCi/g. 
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In addition to the 500 MW reactor a modular design consisting of 170 MW reactors 
(similar to AVR) is considered. This gives design simplications in that no in-core 
absorber rods (only reflector rods) are needed and no decay heat removal is 
necessary, since the plan+s are small enough to dissipate decay heat by conduction. 
Also the diverse instrumentation of the large reactor is no longer considered 
necessary. 

A limited discussion questioned whether it was better to provide a larger reactor 
with redundant heat removal capacity or to go for the small modular system. 

Paper 16 presented by Dr R Wagemann explained the techniques used on the AVR 
15 MW(e) pebble-bed power station to achieve core physics control without in-
core instrumentation. The concept of utilising small, modular, power units 
(see Paper 17 above) has significantly increased the interest in the operational 
experience in this plant, particularly in ensuring safety. The system has alread 
operated for 15 years with ~70% availibility. To obtain an operating license it 
is necessary to ensure that thee conditions are observed:-

(i) average gas outlet tempi 950 C 
Ui) k g f f < 0.995 in cold condition 
(iii) Restriction to a water gas limit of 12% in the streaming out 

into the reactor containment in case of a hypothetical accident 
(iiii) max fuel surface temp 4 1100°C, max fuel centre temp *s 1350°C 

The first two are done by measurement, and some prediction, the third by 
calculation. Of particular importance in the overall assessment are reactivity 
balance and burn-up measurement on discharged fuel eletcants. 

Current limitation in modelling and measurement uncertainties impose a 50°C 
penalty on surface temperature distribution. 

The ensuring discussion raised questions on the permissible operating margins 
and their justification. The economic implication of limited in-core measure
ments, especially on large reactors also appeared to be atopic that had received 
limited attention. 

2D. Session 4: Gas Analysis and Failed Fuel Detection 
Chairman: Dr-Ing G Kaiser 

Five papers were presented at this session. 

Paper 18 presented by Mr F G Brightman described a method for the interpretation 
of data from burst cartridge detection (BCD) equipment. In this, the daughter 
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products of a range of noble gases are deposited onto a wire which is then counted 
for P activity. By isolating the long and short lived portions of this acitivity 
and comparing the difference and the summation of these count rates deviations from 
an identified relationship indicate the presence of failed fuel. Since the release 
of fission products from the fuel is a function of power and temperature, by varying 
both of these parameters the resulting magnitude of the "split count" characterises 
the existence and nature of the failure. 

In discussion Mr Brightman explained briefly the operation of the BCD equipment 
used on AGRs. He went on to explain one example given in the paper where a small 
hole in a WAGR fuel pin was identified by reducing the channel flow to increase 
the fuel temperature which resulted in a change in the split count over a period 
of one hour. He also explained that a decrease in temperature also produces a 
positive signal since Me ratio of the short to long-lived fission products 
released will differ I ifore and after the change. 

Paper 19 was presented by Mr R Hargreaves. He explained that his work concentrated 
on the interpretation of coolant gas ~2f spectrometry data. Results of these 
studies can be used to decide whether failed fuel should be discharged or allowed 
to remain in the reactor. To illustrate this an experiment undertaken on WAGR 
was described. An experimental fuel stringer was subjected to severe power cycling. 
Following the removal of two known failures from this stringer further failures 

135 were expected. On resuming the cycling, the detected levels of Xe and 135mXe 
increased slightly but the ratio increased by a factor 2.5. No change in the BCD 
count was detected. A further cycle produced very much larger changes in the Xe 
levels and a clearly identified BCD signal. 

Further application of o spectrometry was illustrated by the discharge of a 
stringer from WAGR following the discovery of a failed fuel pin. The coolant 
gas was sampled continuously. The activity in the gas continued to decay showing 
that a quantitiy of iodine/xenon had been released from the pin and depo&ited 
in the circuit. On the other hand, an example of a small failure was illustrated 
by a rapid fall off -.: the 1 3 5mXe pulse and a slow decay of 1 3 5 X e . In this case 
no iodine was detected. 

In discussion it was suggested that since both AGP and HTR use oxide fuel the 
release of iodine into the circuit should take a similar chemical form. There was 
general greement that it rapidly plates out in both Dragon and WAGR. The specific 
differences could perhaps be explained by the different temperatures. The release 
from the fuel pin or pellet was perhaps a function of the geometry, but it was 
agreed to compare the WAGR results with the Dragon ones. 
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Paper 21 was presented by Dr A M Harris. He described the operation of the BCD 
equipment, giving the reasons for sampling in this way. He explained that the 
signal given from the contamination of the surface of che fuel was independent of 
half life and suffered nc hold-up. Thus the system had to distinguish between this 
and a fission product leak. This biased the selection of specific fission products 
to the longer lived gases and longer counting times. To illustrate this an 
example of a failed fuel pin in a CAGR was given showing that the specific channel 
could be identified. However this failure is now thought to have been large, and 
a greater sensitivity was sought. 

Using the split count technique another channel showed a signal just outside the 
failure detection criteria. To enhance this signal the coolant flow was changed 
and over a period of time the failure was confirmed. Re-analysis of the original 
data using a new calculation technique produced a signal five standard deviations 
above the background. 

Other techniques of identifying failures have been looked at. The measurement of 
iodine-131 was reported to be possible at Hinkley Point B. The levels in one case 
increased by a factor 5 for a 30% increase in the bulk BCD signal. Single channel 
sampling could also have been used to identify the channel but the problem with 
this technique is the time needed for measurement and analysis. 

Paper 23 was presented by Mr M D Stallard. He summarised the CEGB's experience 
in the measurement of coolant moisture levels in the United Kingdom gas cooled 
reactors, and listed the sources of moisture ingress. Control of moisture levels 
is by dryers in gas by-pass loops, and it is therefore important to continuouslj 
monitor moisture levels, minimisng sampling and transit times. Various systems 
were listed and their performance discussed. The Mirror Dew Point Hygrometer has 
been used most extensively on CEGB reactors. This device does not require 
calibration but, unfortunately, oil leaks cause the mirror to fog and periods 
between cleaning are only one weak at Hinkley Point. 

A specific requirement to give a rapid indication of boiler leaks of various 
magnitudes cuts the choice of detection system. The piezo-electric system has 
given encouraging results over a twelve month period at Hinkley Point. However, 
it is expensive equipment and its main use will be to provide a standard to 
compare other devices to. At Trawsfynydd success has been achieved using Aluminium 
Oxide Hygrometers for boiler leak detections. Work in this field will continue. 
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Following a question, Mr Stallard said that the characteristic frequency of the 
piezo-electric crystal was a function of the weight of the water absorbed by the 
crystal. Later he added that oil contamination was not a problem since this 
would only result in a frequency drift. He was asked to comment on the use of 
these devices as oil detectors. He replied that the levels involved were too 
low and that the moisture would produce a high background. 

Paper 22 was presented by Dr R Nieder. He said that 15 years operational 
experience on AVR had been gained and he briefly explained the principles of 
HTR chemistry. A high standard of helium purity was required, particularly for 
levels of water, air, and fission products. The main sources of the impurities 
were given and the levels typically found in the various types of HTR were 
illustrated, though the ranges varied widely between normal and accidental con
ditions. Specific impurity levels of the AVR were examined and Dr Nieder 
stressed that measurements were required during reactor shut down periods as well 
as operationally. In one instance a water leak had not been seen until the 
reactor was shut down and because of this the Licensing Authority had insisted 
on continuous monitoring of hydrogen. Finally there was a plea for the develop
ment for an all embracing instrument to measure total impurity burdens to give 
on-line information for the operator. 

During discussion it was pointed out that the figures given in the paper for the 
level of impurities in the Dragon circuit were high because of the number of 
injection experiments. The steady state levels were much closer to the ones given 
for Peach Bottom. In reply to a question on how the water leak on AVR had been 
discovered, Dr Nieder said that 30 tonnes of water had been found in the circuit, 
after shut-down. He went on to say that generally the equipment avialable for 
impurity detection was adequate. 

2E. Session 5: Coolant Mass Flow and Leak Detection 
Chairman: Mr C Rodriguez 

The session opened with a paper (No 24) concerned with acoustic techniques to 
monitor the integrity of pipes and to detect leaks. The paper was presented by 
Dr Kaiser in the absence of Dr Herzog. 

The detection of leakages is of particular importance in gas cooled reactors. 
Large leaks must be rapidly detected and automatic counter actions activated to 
ensure safe shut-down of the plant, effective after heat removal and retention of 
radio-active products. The early detection of small leaks may allow the instigation 
of counter measures to avoid plant shut down. 
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For automatic trip circuits it is normal to monitor two physically diverse signals. 
To detect leaks the prime parameters are usually pressure or flow and for the 
diverse signal a physical parameter existing outside the pipe eg pressure, 
temperature , humidity, is chosen. Often it is different to establish the set 
point of the latter. 

As a diverse leak detection method the monitoring of sound created by the time 
leakage offers possibilities. Both air borne and body borne sound hns been 
studied in Germany for this purpose. It was concluded that monitoring of airborne 
sound in the audio range up to 20 KHz can be used to detect leaks against the 
background noise of an operating plant. The method offers the possibility of 
installing and testing the system by simulating the leak acoustically. By suitable 
positioning of the microphones the position of the leak may be localized from a 
study of the relative time lag and amplitude of the microphone signals. 

Monitoring of body borne sound is more sensitive in the case of entire piping 
systems, but under steady state conditions. The monitoring of signal level is 
sufficient for both methods but plant operating transients impose different back
ground noise bands for the the two methods. Thus a practical application may 
a combination of both methods to avoid spurious signals. 

Experiments involving feed water leaks and turbine helium leakage have been 
successfully completed. 

In America ultra sonic monitors are employed as a diverse signal to detect pipe 
leaks. The detectors have been positioned in an attempt to locate any point of 
leakage. Erroneous ultra sonic signals are fairly common but resulting only once 
in a reactor trip. Many changes to the equipment have been made and the method 
is still under development. 

Acoustic methods are under consideration in UK, for example the detection of noise 
via sounding rods to indicate damaged equipment. 

It was the opinion of many delegates that acoustic methods of gas leakage detection 
offered interesting possibilities and that a first aim was perhaps for alarms only 
which could contribute to plant safety. However more research and development was 
necessary before practical and reliable systems could be produced. 

Papers 25 and 26 presented respectively by Dr Ballard and Mr Harrison dealt with 
coolant flow measurement in the instrumented fuel stringers of a Commercial AGR. 
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In AGRs there was a need for accurate coolant flow measurements in selected stringers 
so that the flow characteristic of the fuel stringer adjustable flow controller 
(or gag) could be established. With this knowledge other parameters such as 
channel power, cladding temperatures, fuel irradiation and the effect of progressive 
carbonaceous pin deposits could be derived. The flow measuring device should be 
capable of fitment within the available restrictive space in the stringer and 
development has been necessary to design a system capable of maintaining high 
levels of accuracy .'.a a hostile environment over several years of operation. 

Various devices were considered based upon the principle of dynamic head or 
differential static pressure measurement. Finally a venture device was chosen 
having the best combination of high sensitivity, low parasitic loss and low 
sensitivity to the effects of a corrosive environment and to velocity and temperature 
distributions within the fluid medium. For practical reasons the design of the 
Venturis adopted depart in some respects from the British Standard specification. 
Their performance however determined during calibration, was close to that speci
fication for an unperturbed venturi. 

In practice at Hinkley Point CAGR the use of Venturis has been successful. High 
accuracy and reliability v/as established by careful commissioning. Careful 
analysis of the measurements enabled the theoretical model for channel flow assess
ment to be checked with good agreement. A single gag characteristic applicable to 
all channels was determined, with a measurement accuracy to 2% plus a random 
channel to channel error assessed at 1.3% (gag fully open) to 1.8% (gag fully 
closed). The work has led to plant performance tests which complement and 
corroborate alternative methods of reactor performance assessment derived during 
commissioning. 

3. GENERAL DISCUSSION 

The formal technical presentations occupied most of the meeting and very little 
time remained available for a general end of conference discussion. 

However in a short discussion held on the morning of June 17 it was generally 
agreed that the meeting had been both interesting and stimulating. A broad 
picture of current problems and work in gas cooled'reactor instrumentation had 
been presented. It was suggested that another similar meeting should be held 
within the next five years. 
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The meeting high-lighted the differences engendered by helium and carbon dioxide 
coolant gases and raised the suggestion that comparisons between helium and 
carbon dioxide and possibly nitrogen tetra-oxide as being investigated by Russia, 
could prove to be a topic of significant interest for a future meeting. 

PROGRAMME OF PAPERS 

IAEA SPECIALISTS' MEETING ON 

GAS COOLED REACTOR CORE AND HIGH TEMPERATURE INSTRUMENTATION 

WINDEREMERE, ENGLAND, 14-17 JUNE 1982 

TUESDAY 15 JUNE 

Session 1 - Temperature Measurement 

1. Approach to the HTGR core outlet temperature measurement in the US. 
R Fanklin and C Rodriguez. USA 

2. The task and the technique of temperature instrumentation of HTRs. 
G E Kaiser. Germany 

3. TWIST - A computer program to calculate errors due to degradation of 
insulation resistance in mineral insulated thermocouple cables. 
P Burnett and P J Gentry. UK 

4. The use of mineral insulated Chromel/Alumel thermocouples in high 
temperature experiments in WAGR. 
P Burnett, W E Ellis and M Kendal. UK 

5. Fuel temperature measurements in WAGR. 
A Thurlbeck. UK 

6. High temperature measurement by noise thermometry. 
M C Decreton. Belgium 

7. Development work on noise thermometry and improvement of conventional 
thermocouples for applications in nuclear process heat (PNP). 
H Brixy, J Dohmen, P Barbonus. Germany 

Session 2 - Neutron Detection Instrumentation 

8. The wide range in-core neutron measurement system used in the Windscale 
AGR Concluding Experiments. 
A Goodings, J Budd, I Wilson. UK 

9. Large area self powered neutron detectors for neturon flux measurements in 
HTRs - Status of Development Work. 
T Serpekian, H Birxy, R Hecker.G Benninghofen, N Serafin, H G Spillekothen. 
Germany 

10. Detection of flux perturbations in pebble-bed HTGRs by near-core instrumentation. 
R D Neef, W Basse, D E Carlson, P Khob, S Schaal, H Wiihelm, A Stromich. 
Germany 
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WEDNESDAY 16 JUNE 1982 

Session 3 - HTR Instrumentation - General 

11. The instrumentation of an HTR and its environmental conditions. 
G E Kaiser. Germany 

12. Recent evolution of HTR instrumentation in the USA. 
C Rodriguez. USA 

13. Development of experimental VHTR instrumentation. 
N Wakayama, K Ara, H Terada, T Tomoda. Japan 

14. Instrumentation of steam cycle HTGRs upto 900 Mile. 
D Leithner, B Winkenbach. Germany 

15. Core adjacent instrumentation systems for pebble-bed reactors for process 
heat application. 
G Benninghofen, M Serafin, H G Spillekothen, R Pecker, H Brixy, T Serpekian. 
Germany 

16. The AVR pebble-bed reactor. Core physics control without in-core instrumentatioa 
K Druger, R Wagemann, K Wimmers. Germany 

17. Design of reactor protection systems for HTR plants generating electric power 
and process heat. 
B Craemer, H Dahm, H G Spillekothen. Germany 

Session 4 - Gas Analysis and Failed Fuel Detection 

18. The WAGR split-count technique for failed fuel location. 
F G Brightman and B j Szuster. UK 

19. Analysis of fission products in the WAGR coolant by gamma ray spectrometry. 
R Hargreaves and E H Perrott. UK 

20. The detection of failed fuel in CAGR by gamma ray spectrometry. 
A M Harris. UK - WITHDRAWN 

21. Fuel failure detection and location methods in CAGRs. 
A M Harris. UK 

23. The measurement of moisture in nuclear coolant gases - experience and 
new developments. 
M D Stallard and D S Hiorns. UK 

THURSDAY 17 JUNE 1982 

22. Requirements and operational experience with HTR gas analysis. 
R Nieder and K Vey. Germany 
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Session 5 - Co9oiant Mass Flow and Leak Detection 

24. Acoustic system for pipe rupture monitoring and leak detection. 
V Herzog, H Jonas. Germany 

25. Development of a device to measure coolant flow within CAGR instrumented 
fuel stringers. 
T D Ballard, P S Russell. UK 

26. In-core flow measurement and calibration of gags using on-load instrumented 
stringers in a CAGR at Hinkley Point B. 
W E Harrison, D G Abbott, I H Carrick. UK 

END OF MEETING GENERAL DISCUSSION 

A number of delegates visited the Heat Transfer Laboratory and the prototype 
Advanced Gas Cooled Reactor (now being decommissioned) at the UKAEA Nuclear 
Power Development Laboratories at Windscale. 
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