
III
IN9B00154

5s
IGC-193

1997

Technical Report on
Continuous Environmental

Radiation Monitoring Network at Kalpakkam

M Sonwysji. R Mathiyamu. 6 S Pr»kasb, V Meenakshitundermm » V Fajegopa/

GOVERNMENT OF tr«DlA Of ATOMC ENERGY

INDIRA GANDHI CENTRE FOR ATOMIC RESEARCH KALMKKAM



IGC-193
1997

GOVERNMENT OF INDIA
DEPARTMENT OF ATOMIC ENERGY

TECHNICAL REPORT
ON

CONTINUOUS ENVIRONMENTAL RADIATION MONITORING
NETWORK AT KALPAKKAM

K.M. Somayaji, R. Mathiyarasu, G.S. Prakash,
V. Meenakshisundaram & V. Rajagopal

TNDIRA GANDHI CENTRE FOR ATOMIC RESEARCH
KALPAKKAM-603 102
TAMIL NADU, INDIA



ABSTRACT

The report highlights our experience in the design and installation of
monitoring stations as part of continuous environmental radiation
monitoring network around the periphery of the nuclear complex at
Kalpakkam.

Five monitoring stations, one each in South-West sector (Main Gate I) and
South-South West (Main Gate II) and the others in North sector (HASL &
ESG) and in North-West sector (WIP) have been set up. Two independent
detector systems, based on High Pressure Ionisation Chamber (HPIC) and
energy compensated GM have been installed at each of these locations and
the data has been logged continuously using a data logger. The data so
gathered at each monitoring station is retrieved every week by means of a
hand held terminal (HHT) with a built-in non-volatile memory and
transferred to an IBM PC-AT for data analysis and archival.

The report discusses in depth the design and developmental efforts
undertaken to set up the network, starting from the basic detectors. The
work involved the design of suitable electrometer circuits for measuring the
low levels of current from HPICs, and the subsequent study of the
performance of the highly sensitive preamplifier under diurnal variations of
ambient conditions. The report includes, in detail the design aspects and
fabrication details of low current measuring electrometer circuits.

The inadequacy of normal calibration procedures for large geometry
detectors such as HPICs and large GMs used here are brought out. The two
calibration procedures specifically cited in the literature for such
applications, namely, shadow-shield and free-field methods are discussed in
detail. The method was employed for accurate calibration of all the
detectors used in the network and the comparative results obtained are
presented and discussed.

A study based on the response of the instrument for small variation above
the normal background by subjecting it to multi-level exposures is reported.
This study helped in evaluating the performance of the instrument for short
term, sma'i). excesses in exposure rates due to routine releases of effluents in
a nuclear facility.

Development work on the above system started in 1991 and the network is
in operation since Jan 1993. The results of the various studies with the data
obtained from these systems are presented in the report. The two systems at
each location show good agreement among themselves and correlate well
with t'ae observed wind direction. The report presents results of the various
correlation studies along with typical data sets gathered at the monitoring
stations as illustrative examples.



The standard deviation analysis technique was adopted to analyse the data
obtained, and the excess dose contribution due to 41Ar was inferred thereby.
The report discusses the various components that contribute to detector
responses during environmental monitoring at a particular location and the
technique of separating the contribution due to gaseous radioactive effluents
from the nuclear facility.

Problems encountered in processing data from Main Gate-I location due to
an inherently high background radiation there are noted and the methods
adopted for analysis of such data are discussed. Based on these
investigations, suitable criteria for locating the monitoring stations,
applicable to Kalpakkam site are suggested.

Further, the results of a detailed comparison study carried out with the "state
of art" instrument, "Gamma Tracer" (Genitron make), made available to us
for evaluation purposes, are presented.
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TECHNICAL REPORT ON
CONTINUOUS ENVIRONMENTAL RADIATION MONITORING NETWORK AT

KALPAKKAM

K.M.Somayaji, R.Mathiyarasu, G.S.Prakash, V.M.Sundaram and V.Rajagopal

1. INTRODUCTION

During the operation of nuclear power plants, controlled quantities of radionuclides are
released to the environment. The most significant source of gaseous activity released
from the power reactors at Madras Atomic Power Station (MAPS) at Kalpakkam
during normal operation, is 4lAr, which can lead to significant dose rates at ground
level under certain atmospheric conditions.

Small perturbations in ambient radiation exposures due to both natural and man made
contributions have become a matter of intense study in the recent years. Such sources
include routine and accidental releases from nuclear facilities. It is important to
thoroughly understand the temporal variation in the ambient radiation due to natural
causes alone, since the normal fluctuations are frequently larger than the man made
perturbations which are of concern in the context of accidental releases of
radioactivity.

The identification of a sudden entry of smaller amounts of artificial radionuclides with
a reasonable level of detection, in the presence of natural fluctuations calls for accurate
methods. It is important to develop detectors and instrument methods with capability to
accurately measure such low contributions in the presence of a large and not
necessarily constant background.

The release rate and the total quantity of the release from the nuclear facility are so
restricted that the annual dose commitment to the general public residing at the site
boundary (1.6 km distance) is well within the regulatory limits.

Maximum allowable discharges of fission and activation gases for compliance with
regulations are determined by using theoretical models to calculate external radiation
levels, at die boundary of each site. These models, though formulated to be
conservative, need field verification. It is therefore necessary to continuously and
independently monitor the area around the power station, to verify and ensure that the
radiation doses are within the prescribed limits. The release rate is constantly
'.nonkored using stack radiation monitors or through instantaneous sampling of the
effluents and the total quantity of release per day and per month are evaluated. To
ensure that the release is within permissible limits and to provide data necessary to
check the validity of the theoretical models an accurate measurement network at the
periphery of the site is considered mandatory.

Further, in the initial phase of an accident condition, the first indication of the severity
of an emergency situation might come from actual measurements in the environment
of the plant itself. This necessitates the use of installed radiation monitors around the
station at various distances/locations. These installed monitors situated around a
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nuclear site continuously look for any abnormal increase in the background radiation
level, characteristic of an emergency situation.

This report discusses the installation of such a Continuous Environmental Radiation
Monitoring Network (CERMN) at Kalpakkam. Details regarding the locations,
detectors used, electronics and data logging procedures are given in Section 2. Section
3 discusses the various design considerations of electrometer circuits for HPICs. It also
gives the details regarding commercially available ICs for this purpose and presents the
circuit design and performance aspects. Section 4 presents in detail the method of
optimum radiation geometry calibration technique, which was employed for calibrating
the detectors used in CERMN at Kalpakkam. Methods of data analysis are explained in
Section 5. The summary of the data gathered, the methods of analysis used and the
study of the temporal variations in exposure rates, with their implication with respect
to determining plume exposure are presented in section 6. An interesting observation at
Main Gate I, where the detectors responded to Thorium laden lorry parked nearby for
an extended period of time, is presented in Section 6.2.6. The complete data gathered
at various locations is given in section 6.4. The results of a multi-level exposure
response study is presented in section 7.

Further, a completely self contained gamma measurement device (Gamma Tracer)
with in-built high voltage module, data logger and communication interface is now
becoming available. This device does not need any preparatory work to be done before
field installation as it does not need any external power source. The performance study
with the Gamma Tracer, "a state of art" dose logging system, is presented in Section 8.
Data obtained with it was compared with that obtained with HPIC and GM based
systems. The specifications of Gamma Tracer are given in Annexure 5.

A brief discussion on the environmental background radiation, the inherent problems
of measurement, radon contributions, washout and the limits of measurement accuracy
is given in Annexuie 1.

High pressure ionisation chambers have been widely used world wide (Spiers et al,
1981) to make accurate Gamma-ray measurements due to natural background and in
particular, stock effluent releases within the boundary of a nuclear facility. However,
they are usually large and they need precision electrometer amplifiers to measure the
extremely low currents generated for normal backgrounds. Special larger dimension,
energy compensated GM counters have also been in use for this purpose. The GMs can
be made '.o have acceptable gamma-ray response and the simpler pulse-counting
circuitry associated with it makes it more reliable and easier to use.

An accurate measurement of the dose through these in-situ monitors would give an
initial idea of the source terra in case of an unplanned event and also the direction of
the sr/read of the plume with respect to the release point. The information about the
environmental radiation levels as measured by these detectors coupled with real time
mei eorological information regarding wind speed and direction would indicate the
preliminary status regarding the nature and extent of the spread of the plume.



2. RADIATION MONITORING NETWORK

2.1 TYPICAL DETECTORS

High pressure Argon filled ionisation chambers (HPIC) have been widely used in
many countries, (Beck et al, 1972) for continuous and reliable estimation of the
environmental exposure rate in general and the accurate estimation of the increase in
exposure due to gaseous effluents from nuclear facilities in particular.

It is known that pressurised ionisation chambers have better isotropic response as
compared to GMs. Further, it has been reported that the HPICs measure exposure more
accurately than the energy compensated GM based instruments (Burgess, 1985). The
accurate estimation of environmental dose rates requires a knowledge of the detector's
response to the environmental radiation field actually encountered at the specified
location.

The results of the various intercomparison study among HPICs and energy
compensated GMs have shown that the response of these two systems to a normal
natural radiation field may differ more than 30% (Arvela, 1988). These studies have
also reported that the response to a Cs-137 fall-out radiation field was seen to differ by
about 6%. Sensitive Geiger counters and HPICs have been utilised to obtain highly
accurate data regarding the gamma radiation levels in Finland, which occurred after the
Chernobyl accident(Arvela, 1988). Literature cites instances where the HPICs and
GMs have been used for continuous environmental monitoring. For example, they
have been used in a network in France (Bouchez, 1989). A ring of 16 HPICs employed
at a radius of 1.6 kms, all connected to a central computer form the network around
Illinois nuclear facility (Blackburn, 1989). The nation wide environmental monitoring
system in Finland is based on a network of 250 stations. GM counters along with other
radiation detectors have been used in this network, (Toivonen et al, 1995).

2.2 DETAILS REGARDING CERMN AT KALPAKKAM

It was planned to install, study and evaluate the field performance of two continuous
environmental radiation detectors, namely, a HPIC and an energy compensated GM at
each of the selected monitoring stations around Kalpakkam. The normal background
radiation levels vary as much as from 100 nGy/h (10 uR/h) to about 500 nGy/h (50
|iR/h) from place to place. Accurate estimation of environmental exposure rates from
a few tenths to several hundred nGy/h (jxR/h) under conditions ranging from normal
and routine releases to unplanned incidents is mandatory. Thus, it is important to
develop the capability to estimate accurately the small contribution due to the routine
41Ar releases from the reactor at MAPS. The long term operation of the above system
is expected to give a thorough insight into the environmental exposure rates normally
encountered, around the site and also build up an archive of data which can be used for
validation of dispersion codes; at a later date.



With the above objectives in mind, an environmental radiation monitoring network
comprising seven monitoring stations situated at operationally convenient locations
within the site, was planned. The locations of these stations are given below and are
shown in Fig. 1. The sector data and distance from the MAPS stack are as follows.

1. Main Gate I Sector South West ( 1.6 km )
2. Main Gate II Sector South- South West ( 1.6 km )
3. HASL Sector North ( 2.0 km)
4. WIPI Sector North West ( 0.6 km )
5. ESG Sector North ( 1.6 km)
6. CWMF Sector North (1.5 km)
7. WIP II Sector North West ( 1.5 km )

These locations were decided on the basis of average annual wind rose for the site. An
average annual wind rose obtained from data over a period from 1990-95 is shown in
Fig. 2. The locations of the stations are also shown in the figure. It is observed that
during an year the wind is mostly from South. Accordingly, it may be observed that
three stations CWMF (1.5 km), HASL (2.0 km), and ESG (1.6 km) have been located
in the North sector at different distances from the MAPS stack. It is to be noted that the
wind is towards HASL, CWMF & ESG for 13.5% and towards Maingate I & II for
16.2% of the time.

The detectors in each of these locations are housed in a FRP cabin with adequate
provisions for ventilation. These cabins are anchored on to concrete pedestals. A
typical station looks like the one shown in Fig. 3. At each monitoring station,
continuous and simultaneous measurement is done using two types of detectors.

The detectors are,

1. High Pressure Ionisation Chamber (HPIC) and

2. Energy compensated Halogen Quenched Geiger Muller Counter (GM).

The detailed specifications of these detectors are given in the Annexure 2. Fig. 4 shows
the schematic of the system installed in each monitoring station. The signals from the
two detectors through their respective electronics are logged in a data logger.

7«3 CERMN-Df;tectors & Electronics

The HPIC used is LND 512 of M/s LND, USA. It is a 25 cm diameter, steel walled
spherical chrjnber filled with Argon to a pressure of 25 atmospheres. The ionisation
current produced in HPIC. even in fields characteristic; of environmental levels
(approx. 30 to 200 nGy/h) is several orders of magnitude larger than the currents
produced by inherent chamber radioactivity, insulator stresses and electrometer
leakages Thus, systems based on HPICs allow very precise measurements to be made.
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Fig. 3. Environmental Monitoring Station



Fig. 4. Schematic of systems
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Commercial monitoring system based on spherical ionisation chamber is designed to
measure exposure rate from 10 nGy/h to 100 mGy/h.

The wall thickness is about 3 mm and the ionisation current is collected by a spherical
electrode held at the centre by means of a thin aluminium rod. The central collecting

Fig. 5 High Pressurised Ionisation Chamber (HPIC)
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electrode which is connected to the inner sphere is surrounded by a guard electrode and
the outermost electrode is connected to the shell which is maintained at a high
potential. The centre electrode is completely isolated from the chamber high voltage by
a ceramic insulator which has a minimum resistance of 1016 ohms. The schematic
diagram and the energy response of the HPIC are given in Fig. 5. The response of
HPIC is nearly flat and energy independent above 200 keV. The walls play
significantly lesser role because a large fraction of ionisation arises from gamma-ray
absorption in the high pressure gas (Decampo et al, 1972).

The chamber sensitivity is 25 femtoamp/(10 nGy/h), (one femtoamp=10'15Amp).
Measurement of such low ionisation currents calls for special techniques in the design
of suitable electrometer preamplifiers. Two types of preamplifier circuits for
converting the femto amperes current from these detectors to voltage, based on
different ICs and devices have been designed, installed and field tested. These are,

1. temperature compensated electrometer circuit using low leakage current
MOSFETs and

2. electrometer circuit based on high performance operational amplifiers like
OP128L (Burr-Brown), AD 515L (Analog Devices) and ICH 85OOA (Intersil).

The preamplifier assembly is small and light enough to be attached directly on the ion
chamber without causing mechanical stress on the connector. The conversion factor is
so adjusted by a proper selection of feedback resistor in the preamplifier circuit to
provide a sensitivity of about 25 mV/(10 nGy/h). The electrometer output is one of the
analogue inputs to the data logger. A time constant of 50 seconds is selected. The
preamplifier based on ICH 8500A has a stability of better than 10 femtoamp for
ambient temperature varying from about 15°C to 35°C. Thus, with a good preamplifier
design, we can detect on an hourly basis changes as small as 5 nGy/h (0.5 jiR/h). The
effect of packaging the HPIC in a thin walled aluminium housing is reported to be
minimal (Decampo et al, 1972). Comprehensive design aspects and performance
report of these preamplifier circuits are discussed in Section 3.

Systems based on energy compensated, halogen quenched GM counters (ECIL type
i-1005), which have acceptable energy response between 50 keV and 2 MeV have
been used with simple pulse counting circuitry. Instruments with significant directional
dependence like 'the long GMs used here may need a further correction when it is used
to measure environmental radiation. It has physical dimensions of 400mm length and
diameter of 40 mm. It has a plateau length of 100 volts and an operating voltage of 500
volts. The shielded background (with 40 mm lead) is given by the manufacturers as
400 cpm.

The response per unit dose of GMs is enhanced at low energies relative to a calibration
at about lMeV because of the increased interaction probability at lower energies. The
GM tube is made energy independent above 100 keV by adopting compensation
'techniques using copper and perforated lead wrap-around (Barclay, 1986). The use of

filters greatly reduces the over response at low energies. The shielding



introduced by the filters for energy compensation is sufficient to eliminate any
contribution from beta radiation. A flat response of better than ± 20% over a range of
50 keV to 1.3 MeV is often quoted for such energy compensated devices.

Functionally, GM tubes offer a large electronic output signal when an ionising
radiation discharges the gas admixture of the device. The monitoring system based on
GM is designed around commercially available GM type 1-1005 of ECIL. The
electronics provides the required high voltage to the GM tube and the pulse
amplification and shaping. The GM pulses in TTL format is counted through the
digital input channel of a data logger.

2.4 DATA LOGGING PROCEDURES

The extremely low current from the HPIC duly converted to voltage in the preamplifier
mentioned above and the digital pulses from the GM system are logged in real time in
a data logger. The data logger has six analogue input channels and a digital input
channel with a storage capacity of 4000 samples in each channel. Each analogue input
channel is sampled every 240 msec and digitised. The digitised data is averaged over
six minutes intervals and these six-minute averages are stored in memory along with
real time date, hour read from a built-in battery backed up real time clock. The
averaging time can be pre-selected from 1 to 60 minutes. The data logger has a battery
backed-up memory to retain the memory contents in case of power outages. It also
keeps a log of the power outages with the help of a watch dog timer facility. A
reference channel with a standard voltage input continuously checks for proper
operation of the data logger. The complete specifications of the data logger used are
given in Annexure 3.

The data logger installed in the field monitoring station acquires data continuously and
stores the logged data. The memory available is sufficient for about a fortnight when
the averaging time is selected as six minutes. This data is retrieved regularly by a hand
held terminal (PSION make) and transferred to the computer for further analysis and
archiving The raw data of six-minute averages can be integrated over any desired
period oi time and further processed. The specifications for the PSION data terminal
are given in Annexure 4.
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3. DESIGN ASPECTS OF ELECTROMETER CIRCUITS FOR HIGH
PRESSURISED IONISATION CHAMBERS

3.1 INTRODUCTION

This section discusses the design considerations and fabrication details of extremely
low current measurement electrometer preamplifier circuits. Circuits based on low
leakage MOSFETs and commercially available specialised electrometer ICs like
OP 128L, ICH 8500A, AD 515L are given. The performance of these preamplifier
circuits with constant current input is discussed. Shortcomings in the performance are
noted and possible methods to improve the same have been suggested.

Circuits based on MOSFETs and three specific ICs mentioned above have been
incorporated as preamplifiers in three HPICs and used in the field continuously. This
section also presents the typical data obtained from such measurements and discusses
the resolution obtained and adequacy of the accuracy achieved.

3.2. DESIGN CONSIDERATIONS

The sensitivity of the HPIC detectors, though high compared to air filled ionisation
chambers which are at normal atmospheric pressure, is still low from the viewpoint of
the design of a reliable, low drift electrometer preamplifier suitable for continuous
operation under field conditions. Typically, for an increase of 5 nGy/h in the radiation
level the ionisation current generated in these detectors would increase by 10x10"
Amp(lOfemtoAmp).

To obtain high performance from the preamplifier some stringent requirements like
long term stability with temperature & time and precision in the measurement of
extremely low currents from HPIC are to be ensured. This calls for usage of specially
selected components along with special design and fabrication techniques. Moreover,
the circuit assembly must be immune to diurnal variations of temperature and
humidity, the general features of any site but especially true of a coastal site like

' Traditionally, low current electrometer amplifiers have been designed on the basis of
electrometer tubes which were later replaced by low leakage MOSFETs (Negro et al,
1974). With the advent of electrometer ICs, specially designed for low current
measurements like AD 515L of Analog Devices, OP 128L of Burr Brown and
ICH85O0A of Intersil, there is a wider choice now available to the electronic designer.

In (he design of low current measuring circuit, the standard IR drop method is used
where the voltage drop across a known resistance R is measured. This resistance is in
the feedback loop of the amplifier circuit. This paper describes the design aspects for a
MOSFET based electrometer circuit and preamplifier circuits b;ised on the above
mentioned IC<> along with selection criterion for components. It also highlights the
fabrication and assembly techniques to be followed to obtain the opiimum performance

11



achievable with easily available components. In addition, methods of improving the
performance have also been highlighted.

3.3. PREAMPLIFIER CIRCUIT BASED ON MOSFETS:

3.3.1 DESIGN CONSIDERATIONS

The MOSFET used is a P channel Enhancement mode device, type 3N 165 P of
Intersil. The MOSFET is used as a current controlled temperature dependent element
which compensates the entire circuit for temperature variations. MOSFETS with
inherently low leakage currents were selected and thoroughly cleaned with Freon and
subjected to a heat treatment at 150°C for a few hours. Leakage currents were
measured using Keithley electrometer (Model 6IOC) and only those MOSFETS with
leakage currents of the order of lxlO"14 Amps were selected. The MOSFET is operated
in its temperature invariant drain current region. This is found by first studying its turn-
on characteristics at two different temperatures. Fig. 6 shows typical turn-on
characteristic curves obtained at two different temperature as well as the "Q" point at
which the temperature coefficient is nearly zero.

Fig. 6 MOSFET turn-on characteristic curves
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Further, tb.e temperature invariant ilQ" point was confirmed by setting the drain current
at this specific value and monitoring its variation with temperature. Table 1 gives the
variatio n of drain current when the device is subjected to an increase of temperature
from2 5oCto60°C.
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TABLE 1
Variation of drain current with temperature

ID(at25°C)
300.1 uA

399.3 uA

499.8 uA

600.4 uA

640.7 uA

660.6 U.A

681.1 jiA

694.5 uA

* 700.9 UA

• 701.1 jiA

721.2 uA

741.3 uA

760.6 uA

ID(at60°C)

301.0 MA

400.1 uA

500.5 uA

601.0 uA

641.1 |IA

660.8 uA

681.2 uA

694.8 uA

701.1 uA

700.9 uA

721.0 UA

741.0 uA

760.4 uA

MD

0.9 uA

0.8 uA

0.7 uA

0.6 uA

0.4 uA

0.2 uA

0.1 uA

0.3 U.A

0.2 uA

-0.2 uA

-0.2 uA

-0.3 uA

-0.2 uA

It was confirmed, by both the above methods that the "Q" point can be set around
700fiA ( marked by asterisks) which is the temperature invariant point.

It is necessary that the device be operated at lower power dissipation levels to avoid
self heali ng effects. Thus the only voltage applied to the MOSFET in the circuit would
be the Vgs which was set around 5 volts. The contribution to gate leakage current
increases with power dissipation of the MOSFET and in order to obtain low leakage
current the dissipation is kept less than 4mW. This leaves out the leakage across the
device package which can be significant under certain conditions and hence design
efforts are needed to minimise this. One of the ways this is achieved is by operating the
IViOSFET at zero gai.e-to-drain voltage.

3.3.2. ELECTROMETER CIRCUIT

Fig. 7 gives the electrometer circuit based on low leakage current MOSFETs. Here, the
MOSFET is biased by means of Rl and R2 at the "Q" point determined by the above
method. The first stage with Rf-- 5xl0n Ohms is followed by an amplifier of gain 2, so
that the overall current to voltage conversion factor is equivalent to that obtainable
from a resistor of value lxlO12 Ohms. The output of the preamplifier is e0 = IinRf
For Rf =1012 Ohms and input current of 22 femtoamps, the output voltage is 22 mV.
Such low voltages and currents are easily measurable by the electrometer circuit. The
only prerequisite would be that the drift of the amplifier must less than 22 mV which
corresponds to 22 fAmps which when connected to HPICs referred above, would
correspond to 10 nGy/h.

13
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By fine adjusting the MOSFET drain current with bias resistor Rl & R2 a controlled
amount of positive or negative temperature dependence can be introduced into the
circuit. An operational amplifier OP 07 has been used inside the feedback loop since it
has very low offset voltage arid drift. The 1 Mohm resistor at the input is to protect the
MOSFET from any voltage transients.

Some of the salient characteristic features of the circuit to be noted during component
selection are discussed below.

Any changes in positive voltage regulator due to ambient temperature variation, would
reflect as output drift. Hence the positive voltage is derived from a very stable voltage
source such AD 581L which has a drift with temperature of 5 ppm/°C or about
+2.25mV for a temperature range of 25°C to 70°C. Changes in the negative regulator
do not affect the output as much because these changes are attenuated by the
MOSFET's voltage gain. The biasing and the decoupling network resistors have to be
necessarily metal film types since any variation in their values due to temperature
would adversely effect the performance of the circuit. The output voltage drift with
temperature was tested for different types of resistors and eventually 100 PPM metal
film resistors were selected and used. Ideally, 10 PPM or 15 PPM metal film resistors
would be the right choice.

Before connecting the preamplifier to the HPIC, the performance of the preamplifier
was field tested under ambient conditions, with constant current as input. The
preamplifier output voltage was continuously logged in a data logger built around 8 bit
ADC thus giving a resolution of 20mV. Fig. 8 shows the performance of the MOSFET
preamplifier circuit where the variation of output voltage is shown. The variation or
drift due to diurnal temperature fluctuation was about + 40mV. Methods of reducing
this further are discussed later in this report.

Fig. 8 MOSFET preamplifier performance
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3.4. PREAMPLIFIER WITH ELECTROMETER ICs

3.4.1 DESIGN CONSIDERATIONS

A primary consideration in high impedance system design is to place the preamplifier
circuit as close to the signal source as possible. This minimises current leakage path,
noise pick up and capacitive loading. The use of guarding technique is essential to
realise the potential of ultra low input current of OP 128L. The case of the IC is
brought out separately to pin No. 8 so that the case can also be connected to the guard
potential. This technique virtually eliminates potential leakage paths across the
package insulation, provides a noise shield for the sensitive circuitry and reduces
common mode input capacitance to about 0.2 pF in addition to reducing the leakage
currents that may otherwise exist between the other pins and the inputs. An important
requirement for achieving and maintaining low leakage currents is the maintenance of
absolute cleanliness of circuit board and the critical components like Hi-Meg resistors.
The preamplifier circuit is assembled in a small glass epoxy printed circuit board
(PCB).

As with all junction FET input devices, the temperature of the device during operation
is important and the input bias current is sensitive to temperature fluctuations.
Therefore every effort should be made to minimise device operating temperature. Over
the operating temperature range, the input bias currents of the ICs except ICH 8500A
closely follow a characteristic of doubling every 10°C rise in temperature. The IC ICH
8500A however, is claimed by its manufacturers to have a constant bias current up to
about 85°C and this was corroborated by our studies reported in section 3.4.6. Since the
internal power consumption contributes the largest component of self heating, the IC is
operated under reduced power supply voltage of + 6V and - 6V.

System performance can be easily degraded by unclean package, humidity or
contaminfition on the device. The critical components like Hi-Meg resistors and circuit
input terminals must be guarded against contamination from finger prints, dust,
moisture etc. Conventional static protection procedures are recommended to be
follow f;d when handling such precision electrometer circuit elements.

3.4.7; ELECTROMETER ICs AVAILABLE

Nowadays, specialised FET input operational amplifiers with very high input
impedance characteristics, ideally designed for electrometer applications are available
ivi the maxket. These are AD 515L (Analog Devices), OP 128L (Burr Brown) and ICH
6500A (IntersilV

Some of the salient features of these ICs relevant to our application are taken from
their respective data sheets and compared in Table-2.
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TABLE 2
Comparison of salient specifications of Electrometer ICs

Bias current Variation with
temperature

Input offset voltage variation
with temperature

Commonmode input
impedance

AD515L

75f A Doubles
every 10°C

1.0mV-25mV/°C

1015 ohms

OP128LM

40fA Doubles
every 10°C

0.14mV-5mV/°C

1015 ohms

ICH8500A

1 Of A Constant
upto 85°C

0.5mV- 5mV/°C

—

3.4.3. ELECTROMETER CIRCUIT:

Electrometer preamplifiers were wired with AD 515L, OP 128L and ICH 8500A and
their performance studied. The circuit diagrams of preamps based on these ICs are
shown in Fig. 9. It is the same conventional current to voltage converter circuit
referred to earlier in this report. It has 1 Meg at the input for protection and a feed back
capacitor to set the response time. The feed back resistor used is lxlO12 Ohms glass
type Victoreen make resistor. The time constant of the circuit is approximately the
product of the feedback capacitance Cf and the feedback resistor Rf. For instance, the
time constant of the circuit shown in Fig. 9 is 100 seconds. Fig 10 shows the
performance of circuits based on OP 128L with constant current as input. The variation

Fig. 10 OP128L based circuit performance
1.62

1.5
20 22 24 25 26 27

Time (Dale I

28 29 30

shown by the OP 128L was around ± 30 mV. This value was derived from continuous
data collected for a period 11 days. Though this variation is small enough it can be
further reduced if the preamplifier circuit is hermetically sealed.
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3.4.4. APPLICATION OF ELECTROMETERS TO HPICs:

The electrometers designed above were specifically developed for use with the HPICs
and were coupled to the HPIC model 512 of M/s LND. The HPIC has a sensitivity of
about 2.74x10"14 amps per 10 nGy/h and the signal electrode to shell resistance is
greater than 10i4Ohms.

In addition to long term stability and effect of ambient conditions on the performance,
a large range of problems inherent in instrumentation like stray inputs due to insulator
leakages and electronics noise also affect the response of an instrument. These
extraneous factors, though ideally must be eliminated have to be at least assessed
properly if the environmental gamma-ray dose is to be deduced to a high accuracy
from the instrument readings.

The electrometer PCB was made small enough so as to be able to mount directly over
the HPIC neck thus reducing the chances of dust and moisture effecting the circuit
performance. The complete preamplifier assembly is cleaned thoroughly in a solvent
such as freon and carefully assembled so that the high insulation of High Meg resistor
(1x10 Ohm-Victoreen make) and the input end of the preamplifier are maintained.
The input to the amplifier from the HPIC is directly connected through a stiff silvered
plated wire. The normally recommended teflon stand-off for use in low current
applications, has not been used in this case as it becomes another source for gradual
degradation due to moisture settling. The wires at the input must be rigid and vibration
free. The extremely high insulation at the Triaxial connector of the HPIC is to be
ensured during the normal operation of the preamplifier.

The electrometer circuit is housed in a small metallic box, which must ideally be
hermetically sealed which could not be done due to some operational reasons.
However, the preamplifier housing has been internally insulated to minimise the
temperature rise due to effects of the environmental temperature rise under solar
insulati.cn. The preamplifier and the HPIC are housed in Aluminium instrument boxes.
Preamplifiers based on MOSFET circuit and OP 128L were wired and assembled on
two different HPICs and their performance studied over extended periods. These
systems were operated continuously and the hourly averaged values derived from
about 240 readings taken in an hour.

3.4.5 TYPICAL DATA

Fi|j. 11 shows r,he typical hourly averaged output, in volts, from a MOSFET and OP
12 8L circuits for a period of ten days. Fig. 12 shows the corresponding response in
exposure rate.

The data ah own above is from measurements done at a field monitoring station about
1.5 krn frc m the stack point. The increase in the exposure rate have been confirmed to
be that dae to effluent release from the stack by the analysis of wind direction and by
i-he standard deviation analysis methods. This has also been verified by comparing
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simultaneous measurements made in different directions from the stack. It is seen from
the above figures that the HPIC response is very good and an accuracy of 10 nGy/h is
easily achieved.

Fig. 11 Typical output of MOFET and OP128L circuits
(Hourly average)

n IS IV 21] 21 22 2i 24 25 26

Fig. 12 Typical response of circuits in exposure rate
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The dynaraic range of the instrument and its ability to respond quickly to large changes
in environmental radiation levels are evident in Fig. 12. The fast and accurate response
of f.b^ system is an important characteristic that is useful in distinguishing increases
&'<*'* to plume releases. It has been possible to estimate the background radiation levels
'cO an accuracy of the order of 10 nGy/h. The reasons for not obtaining an order of
magnitude better accuracy that the HPICs are capable of giving and achieved by other
workers in this field abroad, are highlighted below and the remedial measures
indicated.
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The HPICs are being used in a coastal site with large diurnal variation of temperature
and humidity. The temperature variation in a day typically could be of the order of
15°C and the diurnal variation in relative humidity could be of the order of 25%.
Maintenance of extremely high insulation at the connector of HPIC and preamplifier
system is very important. It is obvious that a hermetical sealing, if provided to the
preamplifier system would improve the long term stability to a large extent.

The use of 10 PPM resistors in the biasing network in MOSFET electrometer would
greatly enhance the performance of the MOSFET preamplifier circuit.

3.4.6 TEMPERATURE DEPENDENCE OF ICs

The temperature dependence of the ICs used in the electrometer circuit was evaluated.
For this purpose two HPIC systems were selected. The selected HPIC electronics was
based on OP-128L and ICH-8500A. The systems were kept inside a closed,
temperature controlled chamber. Output voltage of the preamplifier was averaged
every minute and was logged along with the temperature inside the chamber. The
results obtained are summarised below.

HPIC with OP-128L

Temperature lise 30 to 60°C in 30 minutes
Temperature maintained 58 to 61 °C for 30 minutes
Preamplifier output change 0.28 to 0.50 volts.
Temperature coefficient of output voltage 7.30 mV/°C
The coefficient corresponds to less than 3.7 nGy/h/°C

HPIC with ICH-8500A

Temperature rise 30 to 55°C in 30 minutes
Temperature maintained 55 to 60°C for 90 minutes
Preamplifier output change 0.20 to 0.22 volts.
Temperature coefficient of output voltage 0.65 mV/°C
The. coefficient corresponds to less than 0.3 nGy/h/°C

3.4.6.1 CONCLUSION

The. variation with temperature for OP 128L is more than two orders greater than that
for ICH 8500A. For a typical 10° rise in ambient temperature ICH-8500A based
system output would increase by 3 nGy/h whereas OP-128L based system would
increase by 37 nGy/h. However, during data analysis the slow variation in output due
<x> diurnal temperature variations could be easily distinguished in comparison to fast
variations shown by effluent contributions.

Further, vvnen the HPIC instrument box (with OP-128L) was covered with thermocole
on all sides, the temperature coefficient of variation decreased to 3.3 mV/°C
corresponding to approximately 1.7 nGy/h. As such, thermocole was later used inside
all the instrument boxes to thermally isolate the preamplifier box.
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3.5. SUMMARY

The design consideration and construction details of two types of electrometer
amplifier circuits, based on low leakage MOSFET and commercially available
electrometer ICs have been described in this section. Steps to improve further, the
performance of the electrometer amplifiers have been highlighted. Typical response
data obtained with HPICs incorporating the above electrometer amplifiers have been
presented. Both the types of circuits have been tested under field condition for
extended periods up to about five years and found to function well with reliability.
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4. CALIBRATION OF HPICs AND GMs FOR ENVIRONMENTAL
MONITORING

4.1. INTRODUCTION

Measurements of gamma background exposure/dose rate coming from natural and
artificial radioactive isotopes are made under very different and variable environmental
condition. Calibration of the measuring equipment must take into account the complex
character of gamma background energy spectrum, i.e. photon energy up to 3 MeV, in
addition to any directional dependence of the instrument response.

Some salient features of the detectors like large size and high sensitivity along with the
need for extreme stability of the associated electronics call for special care in
instrumentation design and also in calibration techniques and procedures.

The requirement that the position of the source with respect to the detector should be
similar to the actual measuring conditions, is rather difficult to execute as the
measuring geometry under field conditions vary greatly. However, it is recommended
that efforts must be taken to reduce the contributions due to scattered radiation. The
distance of the source to the detector should be at least 5 - 7 times the larger dimension
of the detector (NCRP 112, 1991)

As may be expected from the nature of the contributing radionuclides, the energy
distribution of environmental gamma radiation is complex. The high energy parts of
the spectrum arise from the 1.46 MeV gamma rays from 40K, the 1.76 MeV gamma
rays of 2I4Bi in the 238U chain and 2.32 MeV gamma rays of 2O8T1 in the 232Th chain. A
typical spectrum of environmental gamma radiation in terms of exposure rate at 1 m
above ground, is shown in Fig. 13, as determined by Beck, the mean energy, weighted
by exposure, is approximately 1 MeV. Environmental gamma ray dose rates vary

226iGamma spectrum of environmental radiation & Ra

o
0.05 0.10 0.25 0.5 1

Gamma ray energy bands (MeV)
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considerably from place to place, with outdoor levels depending upon the radioactivity
in rock and soil. This figure also gives the spectrum for a 226Ra source which is
discussed later.

In order to evaluate the response of the detectors to environmental gamma radiation, it
is necessary to know the response of the instrument to the radiation from a standard
source (usually 137Cs or 60Co), the energy dependence of the instrument and the
spectrum of the environmental gamma radiation.

The dose rate at the position of the detector should have been determined, either from a
previous measurement using a secondary-standard dosimeter whose response is known
and whose calibration is traceable, or from information provided on the source
certificate.

4.2. CHOICE OF THE CALIBRATION SOURCE

The activity of the gamma reference source used for calibration must be properly
chosen so that it gives dose rates at the detector as close as practicable to the dose rates
of the environmental gamma radiation to be measured. This is often limited by the
another requirement to provide higher doses suitable for a secondary standard
instrument of lower sensitivity. It may be necessary to determine the variation of
response with dose rate by varying the source-detector distance. However, owing to
inherent difficulties in standardising measurement of low dose rates, the energy
dependence tests are more conveniently carried out at dose rates near the maximum
measurable by the instrument under test.

4.2.1 CALIBRATION REFERENCE STANDARDS

Calibration of measuring equipment must take into account the complex character of
gamma background energy spectrum, i.e. photon energy of up to 3 MeV. In many
normal sites it can be assumed that the spectrum of the environmental gamma radiation
to be measured is similar to the spectrum shown earlier in Fig. 13. The gamma
reference source should simulate as well as possible the spectrum of the radiation to be
measured. It is interesting to note from same figure that the spectrum from a Ra
source is similar to that of natural environmental gamma radiation. Therefore, although
not considered as a standard ISO reference source, the 226Ra is an useful reference
source which can be used for calibration of detectors whose variation of response with
energy is small.

Trie instrument response is measured at range of photon energies and normalised to
unity for the radiation from the standard source. Calibration with a 226Ra source is not
sufficient in itself because its energy spectrum is not a complete match for that of
environmental gamma radiation, (Spiers et al, 1981). It is reported that calibration of
the instruments used for measurement of environmental gamma background dose rates
have r een done using point reference sources of 226Ra and 131I (Jagielak et al, 1974).
The choice of these sources is reported to be due to the accepted assumption that the
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energy spectrum of the natural gamma background is equivalent to one of which 70%
is made up of the gamma spectrum of 226Ra (0.5mm Pt) and 30% of that of 131I.

4.3. CALIBRATION PROCEDURE

This section discusses the various uncertainties and problems in the measurement of
low level environmental radiation and highlights the need for suitable calibration
procedures to be adopted for accurate estimation of gamma doses. Criteria for the
selection of calibration sources are explained. The results were validated by taking
measurements in unknown fields and the accuracy of the detector responses were
estimated.

The calibration of environmental monitors is associated with several problems. It may
be noted here that environmental radiation is widely measured with sensitive dose rate
meters using high pressure ionisation chambers (HPICs) and special GMs. These are
capable of measuring exposure rates as low as 5 nGy/h. As the actual measurement
would be done covering a range of low radiation intensities, detectors are designed to
have high sensitivities. Due to this requirement, the detectors are usually large, making
it imperative but often difficult to obtain proper radiation geometry in a calibration set-
up.

4.3.1. CONVENTIONAL METHOD

The instrument is first exposed without the radiation source to give background
reading RB. The; instrument is then exposed to radiation source and the reading is given
by Rs. If Ds is the absorbed dose rate from the calibration source at the reference
position of the detector, the response to the calibration gamma radiation may be
calculated as follows.

KS=(RS-RB)/DS

Tnis method will eliminate contributions from cosmic radiation and environmental
gamma lidiation in the calibration room and from the internal background of the
detector. The latter however, is negligible for pressurised ionisation chambers, (Spiers
F.W, BCRU Report).

The above method is applicable if the scattered radiation from the source is negligible,
(less than 5%). Where significant scattered radiation is present a proper radiation
geometry is '.o be ensured. An often cited methods are the "Shadow Shield" method
and the "Frf;e Field" method which are explained in 4.3.3.2

4.3.2 OF f IMUM RADIATION GEOMETRY

Typically, HPICs are about 250 mm diameter and GMs are about 400 mm long. Two
standard calibration procedures, named above, shadow shield and free field methods
h?<ve been adopted and the calibration done using three different sources and a number
of source-detector distances in order to study the response linearity with dose. The
results of the calibration done for four HPICs and five GMs which are being used in
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the monitoring network cited above have been discussed. For an ideal source to
detector geometry, the natural background and scatter contribution from surrounding
structures like walls, ceilings or any materials become significant and these have to be
corrected when high instrument accuracy is demanded.

Calibration field covering a range of low dose rates should be established in order to
measure the linearity of the detector response over a wide range. Lastly, the different
detector types such as ionisation chambers, GMs and scintillators can show varying
energy responses and these have to be studied and corrected if meaningful data is to be
extracted out of the field measurements. It is in this context that accurate calibration
procedures and a check on the constancy of the gamma calibration values over a period
of time gain importance along with long term stability of the instrument response.

4.3.3. CALIBRATION METHODS

The exposure rate meters were calibrated by placing them in known radiation fields
produced by traceable standard gamma sources. The present series of calibration
experiments were carried out with 226Ra, Pt Ir (lOmg) ± 2% produced and certified by
the Radiochemical Centre, Amersham, UK, 137Cs (2.61mCi ± 5%), and 60Co (2.47mCi
± 10%) sources produced and certified by BRIT, Bombay.

4.3.3.1 CALIBRATION SET-UP

The normal method of calibration where the response of the detector is derived from
two measurements, one with source and the other corresponding to the background
reading is !vnown to be adequate only if the scattered radiation from the source is
negligible as mentioned before. Contribution from scattered radiation becomes
significant when large size detectors are calibrated in an optimum geometry. In such
cases alternate and more accurate methods need to be followed. Two widely reported,
practic?J procedures especially suitable for large detectors like HPICs and GMs are the
shadovv shield and the free field method. The distance from source to the detector is
ensured to be at leasl ten times the larger dimension of the detector.

4.33.2 SHADOW-SHIELD SET-UP

Iri this method, one measurement is done with the source present and another with a
"shadow" Shield thickness of 20 cm of lead to prevent the photons from reaching
detector 'directly. Subtraction of the latter from the first measurement allows response
of the detector to the primary radiation alone to be determined. The source is placed far
eno'jgh from the detectors on open ground, to ensure a nearly parallel beam of uniform
intensity over the entire detector. The source-detector distances are usually from 3 to
10 meters. The source and the detector are placed at the same height (lm) above the
ground. Schematic of the experimental set-up is shown in Fig. 14. The measured
response is then a sum of natural background (A) and radiation from the source which
is made up of primary gamma rays (P) and the scatter components (S). The scatter
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components are contributions from secondary gamma rays scattered off the walls,
floors and include air shine components.

Fig. 14 Shadow shield calibration set-up

\ /

Source Detector

To determine the response due to the primary rays alone, a lead shield of adequate
thickness and lateral dimension to absorb the primary beam is placed directly in the
path of primary beam between the source and the detector. Thus the radiation from the
source is prevented from directly reaching the detector. The lead acts like a "shadow
shield". The difference between the shielded and the unshielded measurements is
predominantly the response from the source primaries. However, care is to be taken so
as not to under- or over- shadow the source. Further, the shield material should not be
positioned too close to either the source or the detector as it would either distort the
ionisation field or it may contribute fluorescent X- rays.

4.3.3.3 FREE FIELD SET-UP

This is a geometry which is more easily obtained on a flat ground out of doors with
source and detector placed at the same height (1 m) above ground. The arrangement is
shown in Fig. 15. The response at the detector in this case would be due to the natural
background (A), the primary beam from the source (P), the scattered components from
the ground surface (G), and the build- up in air (S). The albedo figures for different

Fig. 15 Free field calibration set-up

Source Detector
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geometries as derived from Chilton & Huddlesten formula for the differential dose
albedo for gamma rays on concrete were used in the calculations (Chilton, 1963).
Albedo data thus derived for 137Cs, 60Co and 226Ra sources are shown in Fig. 16. The
air scattered component at the detector as given by Botter (1981) is used in the present
calculations. The build-up in air as a percentage of the direct dose rate from 226Ra,

Cs and Co point sources and as a function of source to detector distance is shown
in Fig. 17.

The calculated albedo and air build-up correction factors for the three sources for the
various distances relevant to the present study are presented in Table 3. Also given in
this table are the calculated exposure rates and the nominal values to be expected at
each distance after applying the above corrections.

TABLE-3

Nominal (corrected) dose rates for different distances and sources

Source

226Ra

irCs

60Co

Distance
(m)
4

5

6

8

10

12

3

5

8

10

12

3

4

5

8

10

12

Doserate
(nGy/h)

5141.0

3265.4

225.10

124.70

78.63

53.79

90.30

31.90

12.10

7.60

5.20

349.80

195.45

124.24

47.55

30.02

20.57

Ground
albedo (%)

9.2

10.3

11.0

12.2

12.8

13.1

9.7

13.0

14.8

15.0

14.8

5.9

7.7

8.8

11.2

12.3

12.6

Air build
up (%)

3.0

3.7

4.3

5.9

7.3

8.9

3.0

4.9

8.0

9.0

11.8

1.6

2.3

2.8

4.5

5.6

6.8

Nominal doserate
(nGy/h)

5768.20

3722.50

259.54

147.27

94.43

65.63

101.80

37.60

14.90

9.50

6.60

376.00

215.00

138.65

55.21

35.40

24.56
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4.3.4 EXPERIMENTAL CALIBRATION PROCEDURE

The shadow-shield and free-field calibrations were carried out in an open terrace
facility with floor dimensions of 10 m by 15 m. Measurements were taken at discrete
source-to-detector distances ranging from 3 to 12 meters to obtain different dose rates
with the same source. The lead shield was placed at the mid-point between the source
and the detector. The source, the centre of the lead-shield and the detector were at a
height of lm above the floor and were aligned.

In shadow-shield method, two readings were obtained, one with shield and other
without shield. Each reading was the average of ten successive observations. This was
done for different source-detector distances corresponding to different field strengths.
The difference between the above two readings would give the response of the detector
for that field. The calibration factor for the detector was deduced from the fitted
regression curve.

In free-field method two readings were taken, one with source and the other without
source. The difference of the two readings were taken and this corresponds to the
nominal dose rates as given in Table 3 cited earlier. The calibration factor was deduced
as explained earlier.

Five HPICs and four GMs were calibrated with I37Cs, 60Co and 226Ra sources. The
source strengths were verified by secondary standard method using Condenser-R
meters. Care was taken to perform the calibration when there was no interference from
41 Ar releases from MAPS.

4.4 RESULTS AND DISCUSSIONS

A typical data set obtained with a HPIC for three sources for various distances is given
in Table 4. Also shown are the sensitivity and the regression values. A typical response
observed for a HPIC for various dose rates obtained using 226Ra during shadow-shield
experiment is plotted in Fig. 18.

Detailed calibration procedures were adopted for the five HPICs and the four GMs and
the sensitivity values along with the standard deviations obtained for each of the
sources are given in Table 5.

The sensitivity v alues obtained for the five HPICs for the three sources are presented
in Fig. 19. Fig. 20 shows the same data normalised to 137Cs. Similar data obtained for
GMs are shown in Figs. 21 and 22. The detectors show adequate energy independence.
However, the response at lower energies need to be estimated. From Figs. 19 and 21, it
is obvious that the calibration factors differ over a wide range of values for different
detectors. Hence, whenever estimation of environmental radiation is needed to be done
accurate!} , the calibration factor for the particular detector in use must be used.
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TABLE 4
Typical response (Volts) data for a HPIC

Source

Distance
(metres)

3

4

5

6

8

10

12

Sensitivity
mV/(nGy/rO

STD ERR

R2 value

'"Cs

ss

1.074

0.631

0.409

0.196

0.137

1.22

±0.03

0.9900

FF

1.251

0.734

0.486

0.238

0.146

1.25

±0.03

0.9946

225Ra

SS

3.595

2.453

1.328

1.047

0.547

1.10

±0.02

0.9937

FF

4.102

2.878

1.566

1.047

0.696

1.10

±0.01

0.9995

SS

3.503

2.246

1.528

0.560

0.339

1.06

±0.04

0.9821

FF

3.878

2.490

1.731

0.641

0.398

1.08

±0.04

0.9854

4.0

I™
i

1.0

0.0

Fig. 18 HPIC calibration response
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TABLE-5

Calibration factors for HPICs & GMs

Detector

HPIC-1

HPIC-2

HPIC-3

HPIC-4

HPIC-5

GM-A

GM-R

OM-C

GM-D

Method

SS

FF

SS

FF

SS

FF

SS

FF

SS

FF

SS

FF

SS

FF

SS

FF

SS

FF

Sensitivity *
226Ra

08.70 ±0.14

08.80±0.11

11.00 ±0.20

11.00 ±0.10

09.80 1 0.20

09.90 ±0.10

12.90 ±0.20

13.00 ±0.20

18.80 ±0.30

19.40 ±0.30

19.97 ±0.12

19.62 ±0.08

20.1010.10

19.66 ±0.06

27.08 ±0.22

26.20 ± 0.21

20.50 ±0.31

20.06 ±0.27

137Cs

09.10 ±0.30

09.30 ±0.10

12.20 ±0.30

12.50 ±0 .30

11.40 + 0.20

11.80 ±0.20

14.40 ± 0.20

14.30 + 0.10

20.50 ±0.10

21.70 ±0 .30

19.1410.19

18.90 ±0.13

18.70 ±0.21

18.4210.18

23.94 ±0.09

23.37 ±0.07

19.7210.12

19.40 ±0.08

60Co

09.70 ±0.10

09.60 ±0.10

10.60 ±0.40

10.80 ±0.40

11.8010.10

11.90 ±0.10

15.30 ±0.20

15.1010.10

21.50 ±0.30

22.00 ±0.10

24.43 ±0.12

24.05 ±0.08

20.7511.07

20.68 ± 0.99

31.91 ±0.12

31.28 ±0.06

24.57 ±0.19

24.20 ±0.13

* HPICs - mV/(io nGy/h) GMs - (Counts/ 100s)/(i0nGy/h)
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Fig. 19 HPIC sensitivity
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Fig. 20 HPIC sensitivity normalised to 137Cs (662 keV)
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Fig. 21 GM sensitivity
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Fig. 22 GM sensitivity normalised to 137Cs (662 keV)
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To study the accuracy of the calibration factors obtained by the above methods three
HPICs and three GMs from the above were randomly selected and all of them were
placed simultaneously in a "unknown" radiation field created by the 226Ra source. The
measurements were taken for three source-to-detector distances. The "unknown"
radiation fields were estimated from the detector outputs knowing the calibration
factors derived earlier for each of these detectors. These estimated doses were finally
compared against the actual calculated dose at those distances. The result of such an
exercise is shown in Table 6 and the deviation in the observed values as percentage of
the actual expected value is plotted in Fig. 23.

TABLE- 6
Validation results

Expected Dose Rate
(nGy/h) 1917 1164 783

| Measured Dose Rate (nGy/h)

HPIC-1 | 1932

HPIC-3

HPIC-4

GM-A

GM-B

GM-C

2186

1920

2075

1959

1839

1139

1308

1146

1176

1139

1168

775

883

784

838

758

740

It is seer! that all the detectors, except for HPIC-3 show a good agreement (± 10%)
with the expected dose rates.
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Fig. 23 Calibration accuracy
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4.5 CONSTANCY CHECKS

A rapid check for constancy of gamma-ray response can be made conveniently by
using a small source of a long lived radionuclide in some standard geometry in relation
to the detector. A 0.5 MBq (~10|iCi) 226Ra source at 1 metre will give a convenient
dose rate of the same order as the environmental gamma radiation.

Any deviation observed in the calibration would indicate the need for a re-check of the
system and a recalibration if needed. The possible sources which would contribute to
the discrepancy would be the lack of constancy of the gas pressure in the HPIC, a
deterioration in the insulation resistance of certain critical components in the HPIC
electrometer circuit and the stability of the gas composition in GMs.

4.6 SUMMARY

Detectors like HPICs and GMs which are part of the environmental monitoring
network at Kalpakkam, were calibrated with different standard sources. The
conventional single, short distance calibration values seem to be in error atleast by
15%. The large size of the above detectors calls for accurate and suitable radiation
geometry for the calibration set-up. Calibration experiments were carried out for all the
detectors under iree-field and shadow-shield arrangement.

Accurate and consistent calibration factors were arrived at, for each of the detectors.
The validation experiments, where the measured "unknown" radiation field was
compared with the actual values gave excellent results. Among the same type detectors
the response variation was of the order of 30%. Thus, there is a need for pre-calibrating
various detectors used in environmental monitoring when the data obtained is to be
used for accurate estimation of the various contributing factors. It is equally important
to standardise calibration procedures for such detectors, especially when doses due to
effluent releases from power plants are to be accurately estimated and compared with
measurements done with other types of detectors or compared with theoretical model
'estimates. Both the shadow shield and free field methods adopted here have the same
sensitivity for a system.
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5. METHODS OF DATA ANALYSIS

The data as logged in the data logger consists of six minute averages of the voltage
signals from the HPIC preamplifier and the pulses from the GM electronics. The six
minute averaged data is and the hourly averages and the standard deviations of the ten
readings in an hour are derived. Since background is not constant in time, a plume
exposure is more readily identified by its characteristic short term variability than by
the mere fact that a rise in the exposure rate is observed for a few hours.

Following is an introduction to the various data analysis needs and the procedures
adopted to achieve the same. Section 6 deals with the actual analysis of the data
gathered at various locations.

5.1 CORRELATION AMONG TWO DETECTOR SYSTEMS

It is imperative that the two independent environmental radiation measuring
instruments set-up in each of the monitoring stations should show identical responses
to the stack effluent release. An agreement among the trends of the responses of the
two detectors was looked for and the results are discussed in section 6.1.

5.2 CORRELATION OF DATA WITH WIND DIRECTION

The environmental radiation measured at a monitoring station at any location has two
components, one from the natural background over which is superimposed a
component due to routine 41Ar release from the power reactors stack at MAPS,
Kalpakkam. 4)A arises from the neutron activation of 40Ar present in the cooling air
(1% of air) passed between the steel pressure vessel and the concrete biological shield
of the reactor. The 4IAr produced has a half life of 1.83 hours and emits a 1.29 MeV
gamma at 99.2% of its disintegrations. Scanning the exposure rate data shows that a
small cor.tribution from plume overlaps a larger but not necessarily constant
background. The plurne contribution is easily characterised by a few rapidly varying
and easUy identifi?ible perturbations above a slowly varying component. These
perturbations are caused primarily by fluctuations in wind speed and direction and they
also depend upon the distance of the monitoring station from the stack. Further
verification that a particular perturbation is due to the plume from a particular release
point can be obtained by correlating the data with wind direction and wind speed. Such
a verification method is discussed in detail in the following sections.

5 3 STANDARD DEVIATION ANALYSIS - METHOD & ITS IMPORTANCE

The validity of data gathered at any monitoring station would depend upon, as
discussed earlier, a) the correlation between the responses from the multiple detector
systems installed and b) the correlation of data with wind direction. An accurate
estir-aation of the exposure rate due to 4lAr contributions would call for more refined
techniques since the gross background signal would contain contributions from a
number of environmental sources in addition to that due to stack effluents.
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The detection of possible increases of a few tens of nGy/h due to gaseous effluents
from a nuclear facility, superimposed on a background of the order of 500 - 1000
nGy/h which is not necessarily constant calls for highly reliable, sensitive and accurate
methods capable of unambiguously discriminating between contributions due to the
plume and other sources. Techniques for analysis are available whereby increase in
exposure rate due to gaseous effluents can be uniquely distinguished from variations in
ambient background. These methods are based on certain characteristics like different
time variations of the signal which itself provides the necessary selectivity.

It is also well known that the background environmental radiation includes
components with characteristic time scales of fluctuations ranging from less than an
hour to as high as days, months and even seasons, (HASL-290). The standard deviation
analysis technique has been known to be very appropriate for accurate analysis of such
data with different time response components (Thie., 1973).

5.3.1 SHORT TERM VARIATIONS IN BACKGROUND EXPOSURE RATES

Variations in plume exposure rate due to changes in wind speed, direction and
atmospheric turbulence occur over time scales of a minute or less. The exposure rate
may show sharp peaks during sudden downpours, corresponding to washout of radon
daughters from the atmosphere. Fig. 24 shows typical GM data obtained at Main Gate
monitoring station wherein an increase due to plume exposure is seen superimposed on
a top of a larger but not necessarily constant background. The maximum value is found
to vary from 700 nGy/h. to 1150 nGy/h superimposed over a general background of

Fig. 24 Typical GM response to natural radiation and 41Ar plume dose
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'•loom 550 nGy/h. In particular, the short time scales of the response of the detector to
the plume, during 6th to 8th and 12th to 15th may be noted. The absence of any peaks
during 9th to 11th and 16th to 18th is also to be observed. The statistical properties of the
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fluctuations would not be constant over the period of time displayed. Such a rapidly
varying component would show corresponding sharp peaks in the standard deviation
plot. The method in which a time varying component can be extracted from the total
signal fluctuations by virtue of some selective characteristics is explained in the
following sections.

5.3.2 LONG TERM VARIATIONS IN BACKGROUND EXPOSURE RATES

Normally, Radon and its daughter products present in the atmosphere contribute little
to the gamma ray dose rate above ground though it forms significant part of terrestrial
contribution. Variations in terrestrial radiation exposure rates due to changes in soil
moisture, radon emanation from the soil and radon daughter washout from the
atmosphere occur over time periods of a few days to a few hours. Changes in cosmic
ray intensity produce variations over longer times (Gogolak C.V. et al, 1974). Fig. 25
shows a selected typical data set obtained with GM & HPIC taken over an extended
period of time. There is no contribution from 4I Ar effluent. The long time scales of the
order of days involved in the normal variations in the environmental radiation can be
clearly seen. Such a signal would not show significant peaks in the standard deviation
values. The difference in the values obtained with the two detectors is due to their
slightly varying energy response.

Fig. 25 Typical response of HPIC & GM to natural background radiation
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5.3.3 IDENTIFICATION OF ARGON-41 PEAKS BY STANDARD DEVIATION
METHOD

The signal gathered by any detector would include faster and slower time scale
contributions. Due to the differing time scales of various contributions to the
instrument output, the standard deviation of natural background differs from that
computed for periods with contributions from the plume by an order of magnitude.
Such a technique where characteristics of the various contributions themselves provide
for selectivity is used in extracting the required information from the composite signal.
This method is elaborated below.

The radioactive plume from the stack causes short term exposures lasting only a few
hours in each sector, depending upon the wind direction at that time. Even with this
extended time duration, during which the plume is towards a particular sector, the
response of the detectors would still show continuous perturbations. These
perturbations are due to continuously changing wind speeds and changes in directions
with in a given sector and continuously fluctuating turbulence.

The data gathered can be processed to obtain the standard deviation of hourly values.
The standard deviation values are checked and if it is sufficiently high compared to the
value for the normal background, that hour is labelled as one with a plume
contribution. A search is then made during nearby earlier hours where the standard
deviations are low enough to assume that they represent background only. The average
exposure rate derived from these previous hours is then subtracted from the exposure
rate of the plume to give an integral exposure for that hour. These concepts are clearly
shown in Fig. 26. Significant standard deviation peaks during 6th to 8th and 12th to 15th

can be observed. These peaks correspond to large signal excursions during the

Fig. 26 GM data with standard deviation
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corresponding period. The absence of signal and standard deviation peaks during 9lh to
11th and 16lh to 18th also is to be noted. Thus the 4lAr peaks can be unambiguously
identified and the excess dose data estimated.

The background values do not need to be estimated over long periods of time for
accurately inferring the plume contributions. The actual exposure from the 41Ar plume
can be accurately estimated knowing background data immediately before and after
each plume passage. Hence it becomes very important first to correctly identify and
separate the plume contribution from the continuous data and the standard deviation
method of analysis merits consideration in this context. The long term drift of the
electronics, though must be as low as possible is not a major constraint when this
method of analysis of data is employed to infer the excess dose due to 41Ar. This
method has the added advantage that it can be adopted to analyse data from monitoring
stations with inherently high background as is typical of certain locations at
Kalpakkam.
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6. DATA ANALYSIS

The various methods and techniques of data analysis outlined in section 5 are,

a) correlation study among the responses of the two detectors at the same location,

b) correlation of data with wind direction

c) the standard deviation (STD) analysis technique for identification of 41Ar peaks
and estimation of the excess dose due to 41 Ar alone.

By adopting the STD method it was feasible for unambiguous selection of Argon
peaks in the study of data gathered at various monitoring stations at Kalpakkam.

Fig. 27 shows six-minute and the hourly averaged data derived therefrom for a period
of four days. On observation, it is evident that such an averaging would suppress any
random fluctuations and instrument noise contributions.

Fig. 27 Six minute and hourly averaged data
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6.1 CORRELATION AMONG TWO DETECTORS

Fig. 28 shows the response of HPIC and GM based systems installed at HASL for a
period of ten days. While the relative values of GM & HPIC readings slightly differ,
the trends as seen by the two detector systems agree very well and the correlation
between the response of the two detectors is extremely good.

Fig. 28 Correlation among detectors at HASL
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6.2 CORRELATION OF DATA WITH WIND DIRECTION

Th.e data gathered at HASL and Main Gate have been analysed in this section with
pfirticular reference to their correlation with wind direction.

6.2.1 EXPLANATION OF MAIN AND SIDE SECTORS

Because the lar^e mean free path (130 metres) of 41Ar gammas, the detector located in
a particular sector responds to the plume even when the wind is towards the
neighbouring or the side sector with reference to the main sector. This is known to be
significant (May.M.J et at) because gamma dose rate at ground level from a stack
plume is no': merely present when the receptor is immersed in the plume. A dose is also
received w'.ien the plume is travelling in some other sector from the one in which the
detector is located. This effect is particularly important at points close to the stack
where the receptor remains at a nearly constant distance from the plume regardless of
angular s eparation.

Fig. 29 depicts the concept of main and side sectors. The location of a detector
(monitoring station) is shown as "D" and is in the North sector. This detector would
respond when the wind is from South direction / sector. Significant response is also
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observed when the wind is from South-South East and South - South West
(SSE & SSW). Here South is the main sector and SSE & SSW are the side sectofs. In
other words, the detector responds when the wind is towards NNE and NNW, the side
sectors for North.

Fig. 29 Main and side sector concept

N

Frr jm the layout map of environmental monitoring station set-up around Kalpakkam,
Shown earlier in Fig 1, it can be seen that the monitoring station marked as MAIN
GATE I is in the SW sector. The detectors placed in this location would respond to
41 Ar releases from the MAPS stack only when the wind direction is towards SW sector,
i.e. from NE sector. Thus, the winds from NE sector is represented as MAIN
SECTOR for the Main Gate monitoring station as shown in Fig 1. The SIDE
SECTORS refer to the winds from the directions of NNE and ENE and the responses
of the detectors to stack effluents would not be insignificant when winds are from
these side sectors.

By the same logic, for a station at HASL which is in the NORTH sector, winds from
SOUTH would constitute the MAIN SECTOR and the winds from SSE and SSW
would b;i treated as two SIDE SECTORS. The detailed analysis showing the
correlation of exposure rate data with the wind direction follows.

Table-7 shows the location and the main sector, side sector v/ind directions for which
the detector would respond.
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TABLE 7.
Location of monitoring stations and their Main & Side sectors

1.

2.

3. j

4.

5.

6.

7.

8.

Station

Main gate I

Main gate II

HASL

WIPI

ESG

CWMF

EDB

WIP II

Sector
Location

SW

ssw
N

NW

N

N

NNE

NW

Wind direction
Main sector Side sectors

NE

NNE

S

SE

S

s
ssw
SE

NNE & ENE

N&NE

SSE & SSW

SSE & ESE

SSE & SSW

SSE & SSW

S&SW

SSE & ESE

6.2.2 CORRELATION WITH WIND DIRECTION AT MAIN GATE

The following figures shows the dose rate along with the corresponding direction of
wind at the same time. Figs. 30 & 31 show the typical correlation with wind direction,
of GM and HPIC data obtained at Main Gate I. The wind directions which would

Fig. 30 Correlation of GM data (Maingate-I) with wind direction
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contrib ate to an increase in the exposure rates monitored at Main gate are also shown
in th'jSe figures. The main sector and the neighbouring side sector on each side are
shown. The large responses obtained during 21st and 28th Jan 94 are examples of
de '.ecto.1; responding when the wind is from a side sectors. This is further explained
v/ith particular clarity in the next figure. Fig.32 shows significant response peaks
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during a period from 27th to 29th, during which time winds were from NNE
corresponding to side sector SSW for the detector. This is to be expected at Main gate
station as the location of the station, as can be verified in the layout map (Fig 1)
happens to be closer to the dividing line between Main sector SW and side sector
SSW.

Fig. 31 Correlation HPIC data (Maingate-I) with wind direction
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Fig. 32 Correlation with wind direction (expanded)

6.2.3 CORRELATION WITH WIND DIRECTION AT HASL

Figs. 33 & 34 show the correlation of data obtained between responses from GM &
HPIC systems with wind direction at HASL. Spikes in the detector response are seen
whenever the downwind direction corresponds to the direction of the detector location
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vis-a-vis the stack, indicating clearly the expected correlation. It is interesting to
observe that even though HASL station is closer to the centre of the sector, there are
observable peaks on 13th & 20lh due to side sector contributions alone. It is to be noted
that both the detectors show identical side sector responses.

Fig. 33 Correlation of GM data (HASL) with wind direction
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Fig. 34 Correlation HPIC data (HASL) with wind direction
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6.2.4 CORRELATION WITH WIND DIRECTION AT WIP

Fig. 35 shows the response obtained with the GM system at MP. The correlation with
wind during 8th to 16th and 21st to 27th is very clearly seen in the figure. The main
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sector and the side sectors are also shown. The location of the station is on the dividing
line between NW & NNW sectors (Refer Fig. 1). Hence the two sectors SE & SSE can
be considered as main sectors and ESE & S can be considered as side sectors. The
prevalence of wind towards the main and side sectors during 8th to 15th and the
corresponding peaks can be easily identified. Contributions due to side sector ESE
alone can also be noted during 26th and 28th.

Fig. 35 Correlation of GM data (WIP) with wind direction

Maiii I I

11 13 15 17 19 21 23 25 27

6.2.5 CORRELATION OF GLOBAL DATA WITH WIND DIRECTION

Instances were noticed when the wind directions changed with regular periodicity
between two or three preferential directions. This was specifically observed in some
season-.; when sea-breeze and land breeze occurred with predictable periodicity or in
periods were wind directions changed from South-West to North-East monsoons as it
typica ily occurs during the month of October. In such a case, we could expect the
detectors at HASL and Main Gate to respond to these changes simultaneously. With
this j.n view it was considered worthwhile to analyse data from different stations for the
sam<£ period and look for correlation with wind direction.

36 shows the exposure rates observed by GM at HASL, WIP I and Main Gate II
du ring the month (V/ Feb. 96. It can be seen that the detectors located in three different
directions, two o{ them i.e. MGT II & HASL located in diametrically opposite
flections with respect to the stack, respond only when the winds are towards the
respective stations. To elaborate further, it may be noticed that the detector at HASL
shows response during the period from 21st to 26th of the month when the wind
direction was predominantly towards HASL and the detectors at Main Gate has
responded to 41Ar plume during 14th to 20th of the same month when the wind was
towards Mam Gate. It is interesting to note that detector in WIP has shown response
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during 21st to 27th but HASL and WIP have not responded together. This obviously
shows an excellent correlation with wind direction.

Fig, 36 Correlation of global data
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6.2.6 UNUSUAL OCCURRENCES ANALYSED

Given here are two examples, where observed peaks at main gate could not be
explained on the basis of wind direction correlation. Fig. 37 shows a marginal increase
ot 50 nGy ever the background during a period of 8 hours, observed in MainGate I on
6 July 95. The wind was not towards that sector during that period and there was no

Fig. 37 Correlation with source movement
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corresponding increase in standard deviation. So the peak was not obviously due to
Ar. This peak was attributed to some source movement near main gate. Later it was

confirmed that a Thorium laden lorry was parked at the Main Gate during the same
time. Fig 38 shows similar increase, on 27th and 28th Oct 93 but when the wind
direction was towards the Main Gate I. The 41Ar peak is found to be raised on a

Fig. 38 Correlation with source movements (presence of 41Ar)

800 400

700

g 600

©

500

4,00
26 30

pedestal, signal. This pedestal was found to be due to the parking of the lorry. The
duration of the standard deviation peaks on 27th is only during the 4!Ar plume and not
for t'ne complete duration of the lorry parking.

T nus, it was possible to analyse and identify the data peaks of interest by various
correlation studies.

6.3 ANALYSIS * Y STANDARD DEVIATION METHOD

As explained in Sec. 5.3.3 the standard deviation technique of analysis has been
adopted to study the data gathered by the various monitoring stations at Kalpakkam.
The standard deviation of the ten six-minutely averages for each hour is computed and
is used to identify the periods of plume exposure. The results of the study are discussed
below.

Table 8. shows a set of data where the exposure rate and the standard deviation values
are given tor a time span of twelve hours.
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TABLE 8
Exposure rates & corresponding standard deviation values

Time in
Hours

01

02

03

04

05

06

07

08

09

10

11

12

Exposure Rate
(nGy/h)

117

119

118

117

119

127

160

160

220

131

120

117

Standard Deviation
Values (nGy/h)

3.35

2.83

3.56

2.27

3.77

16.20 *

26.60 *

17.90 *

22.40 *

10.20 *

2.05

3.45

The sharp increase in the standard deviation values in tandem with an increase in
exposure ra te from six hours to ten hours is seen in the above set of values and these
are identified in the table by asterisk.

Figs. 39, 40 & 41 show the typical hourly exposure rates with the associated standard
deviation (STD) values measured at Main gate I, Main gate II and HASL respectively.
Fig. 39 (MGT I) shows significant response peaks during the complete period shown
(1st to ll l h Feb. 96). The values range from 800 to 1100 nGy/h. The corresponding
peaks in STD values range from 30 to 200 nGy/h as compared to 10 nGy/h for the
general background. Fig. 40 (MGT II) shows the peaks up to 700 uR/h (GM) & 500
nGy/h (HP1C) during 1st to 15th Feb 96 and correspondingly significant STD peaks.
Trie standard deviation shows peaks up to 200 nGy/h as compared to background
values which ore less than 10 nGy/h. Similarly, Fig. 41 (HASL) shows significant
peaks during ist to 8th and a single peak during 9th to 11 June 96. The peaks are up to

th300 nGy/h avid the STD values show peaks of up to 70 nGy/h. STD value during 9 to
• t h

11 can ea.sily be noted as that for background.

A separate study of the normal range of standard deviation of measured exposure rates
by earji detector during reactor shut down periods would help in determining the
threshold standard deviation values to be set for identifying the plume exposures when
the data processing is done automatically through computers. Such a methodology has
Keen followed in our data analysis.
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Fig. 39 Hourly exposure rate with STD at MGT 1
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Fig. 40 Hourly exposure rate with STD at MGT
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Fig. 41 Hourly exposure rate with STD at HASL
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Preliminary results indicate that the data from GM system with an inherently more
stable pulse electronics and less in-built fluctuation compared to HPICs would be more
suited for gross environmental radiation monitoring applications. However, if the
environment was to become contaminated with artificial products, the changes in the
gamma radiation spectrum would most probably show an increase in the low energy
region, (Jagielak J, 1972). Hence, it is important that energy compensated GMs with
precisely known calibration factors have to be used for evaluating the exposure rates.

The Pressurised Ionisation Chambers, with improved electronics have a capability to
measure background levels to an accuracy of 1 nGy/h. The ionisation chamber
provides very accurate data during periods of low release rates when exposures would
be normally too small for many other systems of detectors. Thus, in addition to
showing the large trends accurately and consistently, it can be used for accurate
evaluation of the excess contribution due to 41Ar.

6.4 DOSE DATA OBTAINED FROM CERMN

Typical monthly and yearly data gathered at various locations is given in Table 9 &
Table 10. The data include the average background values, inferred 41Ar dose and the
data recovery in each month.

Though the background values at Maingate and HASL varied within reasonable limits,
the background dose at WIP site showed a steadily increasing trend over the last few-
months of reporting. This may be attributed to storage of thorium waste near WIP site.
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TABLE 9
Monthly dose data at Maingate 1 and Maingate 2

Maingate 1
Bkg

(nGy/h) (HGy)
Data
hours

Maingate 2
Bkg

(nGy/h)
^Ar

(HGy)

Data
hours

1993
Jan
Feb
Mar
Apr
May
Jun
Jul
A u IL
Sep
Oct
Nov
Dec

454.0

437.0

427.0
—

408.0

405.0

583.0

574.0

572.0

571.0

541.0

530.0

21.6
1.3
2.0
...

0.2
1.1

0.00
0.00
0.00
4.5
0.8

21.9

664
249
418

...

324
701
681
648
717
744
583
471

1994
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Ssp
Oci
Nov
Dec

571.0

570.6
574.0
573.0

~.
...

564.0
553.0
556.0

...

535.0
560.0

29.9
5.4
6.3
0.8
...
...

0.4
0.00
0.00

—

17.2
76.0

507
427
656
172
—
...

397
744
270

...

205
729

327.0
333.0

540.0
660.0

720
744

1995
Jan

i Feb

Mar
Apr

JMay__
Jun

Jul
Au.y
Se_g

Oct

Mov
Dec

5?5.0
558.0
'J57.0
554.0
544.0
551.0
549.0
548.0
540.0

—
—

587.0

50.0
17.6
0.6

0.00
0.3
0.2
0.2
0.2
0.1
...
.._

9.8

744
672
299
359
539
595
669
519
340
...
. . .

335

328.0
330.0
363.0
364.0
357.0
358.0
355.0
353.0

—

356.0
366.0

32.4
8.7
3.1

0.00
0.7
2.0
0.1

0.00

...

4.7
10.0

706
340
367

58
241
720
679
495

...

603
443

1996
Jan
Feb
Mar

— — — 363.0
361.0
361.0

7.3
9.7
2.7

486
671
385

Yearly dose data at Maingate 1 and Maingate 2

Avg, Bkg. (nGy/h)

Inferred 41Ar dose (|iGy)

Data hours

Maingate 1

1993 1994 1995

500.5

53.4

6200

568.0

136.0

4107

554.3

79.0

507!

Maingate 2

1993 1994 1995

...

—

...

330.0

120.0

1464

353.0

61.7

5184
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TABLE 10
Monthly dose data at WIP and HASL

WIP
Bkg

(nGy/h)

4 1Ar •

(M-Gy)
Data
Hrs

HASL
Bkg

(nGy/h)

' "Ar
(HGy)

Data
Hrs

1993
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug

Oct
Nov
Dec

180.0
172.0
166.0
166.0

...
218.0
217.0
215.0

...
175.0
155.0

.. .

l o.o
5.7

13.0
7.5
—
1.9
4.8
4.0
—

0.9
1.3
.. .

167
224
74

402
—

119
694
595
...

483
717

...

—
...
...

209.0
212.0
208.0
210.0
204.0
202.0
202.0
200.0
200.0

...

0.00
2.00
1.90
2.90
3.50
2.70
2.10
0.00
0.30
0.00
0.00

489
211
469
272
350
649
714
530
738
602
744

1S>94
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

136.0
140.0
147.0
211.0
206.0
200.0
195.0
197.0
195.0
192.0
178.0
184.0

21.0
27.0
53.0
53.0
18.0
5.7
19

10.0
16.0
0.4
0.9
0.2

628
672
668
595
710
699
738
744
717
284
459
744

200.0
...

200.0
...
—

203.0
211.0
212.0
200.0
200.0
198.0

...

0.00
...

5.20
—
.. .

11.30
0.80
6.10
3.00
1.30
0.60

...

718
...

654
...
...

564
301
693
130
464
494
—

1995
Jan
Feb
Mar
Apr
May
Jun
Jul

Aug_
Se_£
Gee
Nov
Dec

186.0
192.0
203.0
204.0
7.00.0
198.0
200.0
217.0
217.0
217.0
221.0
227.0

6.5
48.0
31.0
24.0 I
3.1
1.0
0.8
1.3

0.00
0.2
4.3
0.2

574
563
289
658
202
245
499
497
163
657
713
659

...
200.0

...

200.0
201.0
203.0
202.0

...

201.0
201.0
201.0
201.0

—
1.20

...

0.00
0.14
0.25
0.21

...

0.30
0.00
0.00
0.00

...
239
—

141
460
720
729

...
169
357
443
218

£996
Jan
Feb
Mar

228.0
230.0
243.0

0.8
19.8
47.0

533
659
440

201.0
202.0
203.0

0.00
0.6
3.0

542
370
726

Yearly dose data at WIP and HASL
r —

Avg. Bkg. (nGy/h)

Inferred 41Ar dose ((.tGy)

Data hours

1993

184.9

39.1

3475

WIP

1994

181.8

207.1

7658

1995

206.8

120.4

5719

1993

205.2

15.4

5768

HASL

1994

203.0

28.3

4018

1995

201.1

7.5

3476
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7. MULTI-LEVEL EXPOSURE RESPONSE STUDY

7.1 INTRODUCTION

The main objective of this study was to enable an assessment to be made of how the
gamma detectors described in this report respond to small, incremental changes in the
exposure rates over the normal environmental levels. Such small incremental changes
would be due to air-borne radioactive effluent release from a nuclear facility.

Similar studies have been made in RISO (Botter J), where an automated source
transport system was constructed to move the source to various irradiation positions
behind different thickness of lead shielding. The capability of environmental monitors
to register small increases of 3% over the background radiation when measured over a
period of 20 minutes was established in the experiment cited above.

7.2 EXPERIMENTAL DETAILS

A slightly different configuration under the free-field set- up was assembled to conduct
similar experiment. The detectors used were HPIC and GM counter. The detector-
source distance was 3 meters and both of them were placed at a height of 1.10 meters.
Lead sheets of dimensions 50X50 mm and thickness 1 mm were prepared and different
exposure rates were simulated by placing a number of them very close to the source
along the source-detector alignment line. The lead sheets were aligned to attenuate
mostly the primary beam. Observations were recorded for different lead thickness as
given in the table below. The average of five observations taken at an interval of 30
seconds for each new lead thickness.

7.3 RESULTS & DISCUSSION

The Table \ 1 shows the lead thickness in mm and the calculated and measured dose
rates obtained with HPIC and GM.

It is found that for the step-type changes used in the experiment the detectors could
measure even less than 10 nGy/h change in the radiation level. Further, the HPIC
measurement repeatability was found to be better (± 3 nGy/h), where as the GM
repeatability was of the order of ± 25 nGy/h.

7.4.. SUMMARY

Trie instruments were subjected to step changes in exposure rates and were found to
reli?bly respond to less than 10 nGy/h changes in the exposure rates. It can be thus
concluded that the instruments would respond to rapid, fluctuating, small changes in
exp osure rates arising from routine plume emissions from nuclear facilities in real time
situations.
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TABLE 11

Multilevel exposure data along with calculated dose

Lead

Thickness

(mm)

25

24

23

22

21

20

19

18

17

16

14

12

10

8

6

4

3

2

1

0

Measured Dose Rate (nGy/h)

HPIC

Average

154.2

168.1

179.4

188.2

195.6

207.9

221.1

235.7

244.2

250.1

285.8

329.7

388.8

453.2

.'532.2

644.2
—

761.8

...

950.1

STD

0.01

0.01

1.4

1.2

0.7

1.4

0.9

1.4

2.1

1.8

0.7

2.9

1.1

2.3

1.3

2.0

—

2.8

—

1.8

GM-D

Average

140.3

145.8

153.5

163.3

163.3

167.4

—

194.7

—

243.5

251.6

303.0

352.5

437.5

520.0

636.0

740.1

807.7

879.5

965.7

STD

6.8

1.7

10.5

9.3

4.4

17.8

—

12.5

—

35.1

14.1

15.5

15.0

23.2

22.3

22.5

16.2

13.5

15.3

21.1

Calculated

Dose Rate

nGy/h

144.0

148.0

154.0

160.0

167.0

174.0

183.0

193.0

205.0

218.0

250.0

291.0

345.0

414.0

504.0

620.0

691.0

771.0

862.0

966.0
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8. PERFORMANCE COMPARISON STUDY WITH GAMMA TRACER

8.1 INTRODUCTION

A self-contained gamma measurement station, based on energy-compensated GM
counters (GAMMA TRACER- Genitron make) was installed at different locations for
varying durations of time and the data gathered was analysed as part of its performance
study. These devices are hermetically sealed and can be placed anywhere in the
outdoor environment. They do not need any external source of power. Up to 12,000
data points can be stored internally and be read into a hand held device using an
infrared transceiver at any time. The measurement cycle can be programmed from 1
min to 2 hours. Each unit is equipped with two GM-tubes, operating independent of
each other. The result normally is given as a mean value based on both detectors. The
specifications for Gamma Tracer are given in Annexure 5.

The gamma dose at the field locations selected varied between 100 nGy/h to
200 fiGy/h. Further, as part of the comparison studies, the Gamma Tracer was installed
in one of the environmental radiation monitoring stations at HASL of SR & HPG. The
objective was to study the performance as well as to compare the data with that
obtained from similar instruments already located there as part of environmental
monitoring network. Following is a brief report of the above studies and the results
obtained with Gamma Tracer in comparison with the continuous monitoring
instruments, mentioned above.

8.2 INSTA LLED LOCATION DETAILS

The study was conducted over a period of 30 days, from 11th July to 11th August 1995.
Listed below are the deta'iis regarding the locations selected, the typical radiation levels
expecterj and any other external sources of contribution.

Comparison Study
Location Rad. field Source
1 .HASL Natural BKG Low background (150-200nGy/h)

41 Ar release from MAPS
Performance Study
1. MAINGA; TEI Natural BKG Moderately high background (1500nGy/h)

No 41 Ar contribution from MAPS
2- RDL Mixed field High dose rate (2000-3000uGy/h)

Near a spent fuel rod
3 • BSl- Natural BKG Low background (120-150nGy/h)

No 41 Ar contribution from MAPS
4. Source room Cobalt-60 High dose rate (550 mGy/h)

One of the four locations cited above, i.e. HASL is equipped with two systems based
ou HPIC and GM to continuously monitor environmental radiation. Both the systems
were calibrated to an accuracy of ±5%. The averaging time of Gamma Tracer was set
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at one hour and the data from HPIC and GM were logged every six minutes and the
hourly average along with standard deviation were derived therefrom.

The first three locations in the above list are all within about 1.8kms from the MAPS
stack, a source of routine release of 41Ar and the location of ESL is at a distance of
about 6km from the stack.

8.3 RESULTS AND DISCUSSION

Fig. 42 shows the response in terms of hourly average obtained with HPIC, GM and
the Gamma Tracer at HASL. Data gathered for about five days is presented in this
figure. It can be seen that the trends in all the data match very well with respect to time
and the response peaks to Argon plume are in good temporal agreement. The
magnitude of the response peaks is found to be smaller for Gamma Tracer as compared

Fig. 42 Comparison of Gamma Tracer data with HPIC & GM data (HASL)
210

20 24 25

to HPIC and GM. Further, the back ground radiation levels as measured by Gamma
Tracer is approximately 160 nGy/h as compared to 200 nGy/h by HPIC and GMs. The
above differences are attributable to the following factors.

1. TTi e Gamma Tracer output is average of measurements taken by two in-built GM
channels. The dose rate readings in these two channels show a difference of up to
7i5 nGy/h.

2. Difference in the energy response of Gamma Tracer, HPIC and GM to the
environmental background radiation.
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Fig 43. shows the complete data collected at HASL with Gamma Tracer and GM
systems for a duration of 14 days, along with their standard deviations. Fig 44. shows
the comparison with HPIC response. The response matching is found to be excellent.
However, it is noted that the fluctuations in the Gamma Tracer response is more
compared to that obtained with HPIC system.

Fig 43 Comparison of Gamma Tracer with GM data
along with STD (HASL)

200

I STD
VJvy-wv^yv^^^
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150 £
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50 S

0
15 17 27 29

Fig. 44 Comparison of Gamma Tracer data with HPIC data
along with STD (HASL)

200

15 17 27 29

The Gamma Tracer when installed in regions of radiation fields of 15')0nG/h
(natural background, Main Gate I), 2420 jiGy/h (spent fuel storage area, RDL,̂  and
578 mGy/h (near 60Co source) could give measurements to an accuracy of ± O.i '^°-
Fig 45 shows the response obtained when it was placed in low background'



environment, such as ESL. The response corresponds to normal background
fluctuations.

Fig. 45 Response of Gamma Tracer to typical natural
background radiation (ESL)

200,

190

8.4 SUMMARY

Gamma Tracer has been evaluated over a range of 100 nGy /h to 5.5 mGy/h. It has
been subjected to different types of radiation fields namely, environmental radiation,
41 Ar plume, mixed radiation field and 60Co field.

The performance of the systems developed in our laboratory is comparable with
Gamj.na Tracer which has been calibrated with accuracy of ± 3%. Since our systems
shov/ed less fluctuations than Gamma Tracer, small variation (10 nGy/h) due
radi oactive effluents could be identified.

Trie performance of the Gamma Tracer has been found to be excellent. It has the
advantage of not needing external mains supply for operation and hence is truly
f portable. It has an in-built data logger which is a distinct advantage. The system is
ideal for use \a an array of mobile stations which can be reconfigured at the desired
time depending upon the predominant wind direction. For example, in a site like
Kalpakkam, during the period from Oct-Feb, the predominant wind direction is from
North, North-North East and North East and the stations can be configured
appropriately during this period in wind favourable sectors like South, South-South
West and .South Wes». for optimum utilisation of the facility.

62



9. CONCLUSIONS

1. The CERMN comprises of five existing monitoring stations with immediate
plans of adding three more similar stations. The monitoring systems are based on
HPICs and energy compensated GMs.

2. Suitable high voltage units, low current measuring circuits and other related
electronics have been developed with locally available components. The
performance of these circuits were tested under field conditions before
incorporating into the system.

3. Since a precise estimation of radiation exposure levels depends on accurate
calibration factor for each of the detectors used, a standard calibration procedure,
which can be adopted to calibrate all the systems to be used in the monitoring
network is necessary to be evolved. A facility to carry out Shadow shield and
Free field calibration was established in the laboratory. Calibration for all the
detectors was done in this facility under both shadow shield and free field
conditions. However, presently free field calibration procedure for routine
calibration of the environmental radiation monitoring systems is being used.

4. Various correlation studies were performed with data gathered at each monitoring
stations. This was necessary to evaluate each of the systems before the long term
data could be relied upon for further analysis / archiving. Typical correlation
studies performed were correlation among the detectors at a single location and
correlations with wind direction. Studies have shown that above correlation were
extremely good and that the data gathered could be considered as very reliable.
The data gathered from the various locations was very satisfactory and it was
analysed and archived.

5. Substantial variations in the plume contributions occur due to the changes in
wind speed, wind direction and atmospheric turbulence. The data analysis
technique based on the standard deviation of the hourly averaged data was
successfully adopted for accurate inference of the excess dose due to 41Ar. In
areas where the general background and its diumal fluctuations are very large, the
low levels of contribution from 41Ar could be masked. The standard deviation
analysis technique is suitable for inferring 41Ar contributions under such
condition.

6. Multi-fevel exposure study showed our systems can measure the background
radiation level variation as small as 10 nGy/h.

7. Gam/.na Tracer comparison study enabled us to obtain a hands-on experience on
the ' state of art" systems used for environmental radiation monitoring. It also
she ved that the performance of our systems is ccmparable to the best available
sys ;ems. From operational view-point, it can be said that it is very convenient to
in? tall monitoring stations based on Gamma Tracer, as it does not need any
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infrastructure like power etc. for installation and the distinct advantage is the ease
with which it can be relocated in a new location if the need arises.

8. It is planned to build up a good, reliable data set by setting up a few more
monitoring stations, ideally located between 1.0 and 1.6 Km from the stacL
where the expected monthly doses are much above the general background.
Specifically, one monitoring station will be set-up in each of the NW and NNW
sector. The new stations have to be established before the other hot facilities in
the centre come into operation and add to the uncertainties in the source term.

9. Exercises are on to make use of the data from the existing monitoring stations in
studies aimed at validation of atmospheric dispersion codes.
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ANNEXURE1

l.ENVIRONMENTAL BACKGROUND RADIATION

1.1 INTRODUCTION

There has been, in recent years a greater interest and anxiety over the level of
background radiation to which man is exposed and particularly in the fraction of the
background dose rate attributable to environmental gamma radiation, whether natural
or man-made origin. The total natural background dose rate to man is usually taken as
about 1 mGy/yr (100 mrad/yr) and is made up of cosmic radiation, internal radiation
and environmental gamma radiation. It is often regarded as a yard stick against which
dose rates from man-made sources are compared; These sources can be releases of
radioactivity from nuclear power plants or X ray sources and radionuclides used in
medicines.

1.2 INHERENT PROBLEMS OF MEASUREMENT

Of particular relevance is the environmental gamma ray dose in the neighbourhood of
a nuclear installation and the possible contribution made to it by the operation of that
installation. However, unless any increment is large compared with the natural level,
when the detection would be easy, it is far from easy to establish whether a significant
departure from what is regarded as natural level has occurred. Hence, the
measurements will be dominated by problems of measuring the natural environmental
gamma radiation itself.

The natural gamma-ray dose rate varies with time and it is always difficult to specify
the exact dose rate at a particular site; It can not be regarded as a fixed, invariable
quantity. Small perturbations in ambient radiation exposure is the result of man made
".ii'd natural sources. These may be particular emissions from nuclear power plants,
fallout Irom atmospheric tests and accidental releases. In order to properly evaluate
and assess these perturbations, it is important to thoroughly understand the temporal
variations in the ambient radiation field due to natural causes alone, since these natural
fluctuations are frequently smaller in magnitude and of larger period than the man
made perturbations of concern.

The measurement of low dose rates associated with environmental gamma radiation,
"g \n the range of 20-150 nGy/h (2-15 uJR/h) is not without difficulties inherent in the
instrumentation. Stray inputs caused by insulation leakages, noise from associated
Circuitry and the effects of diurnal variation of the ambient conditions on the
instrumentation would limit the performance of even a well-designed instrumentation
set-up.

1.3. RADON CONTRIBUTION AND WASHOUT

A small contribution to environmental radiation is made by radon diffusing from the
soil into the atmosphere; in a manner that depends on local meteorological conditions.
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For very precise measurements a filter-paper sample of air may be taken and analysed.
Fluctuations caused by radon and thoron in the air, though considered small in most
cases, may increase significantly for short periods under special atmospheric
circumstances.

Two of the most significant influences on the terrestrial gamma radiation is that of
rain, which causes a reduction in the dose rate due to the reduction in diffusion from
the ground and the effect of general stability or atmospheric turbulence on the
diffusion of radon from the soil. However, the dose rate from
K-40 is not affected by atmospheric stability.

Rainfall is a significant cause for increasing exposure levels which appear in two
forms. One is the detection of Radon daughters which washout from the atmosphere or
Radon gases displaced from the ground. The other is the rain bringing down
particulates from a plume.

To elaborate further, if thunder storm occurs following a period of drought, the short-
lived daughter products that have accumulated on air borne dust particles are washed
out and deposited on the ground. A large increase in the gamma-ray dose following
such an event is likely and though this increase is short lived and follows the decay of
daughter products, 2i4Bi & 214Pb, it is important to be able to identify these peaks while
analysing the data gathered at a monitoring station.

The meteorological conditions at the time of measurement and the direction of wind at
the time of washout with respect to the actual location of the station vis-a-vis the stack,
must be analysed together to separate out the wash out components. However, such an
event is unlikely to add significantly to the long term dose. Some means of measuring
precipitation will assist in the interpretation of data. Monitoring the precipitation and
collecting additional information on the source is important for determining the
constituents of the background increase.

1.4. LIMITS ON MEASUREMENT ACCURACY

The constancy of the gamma-ray calibration, as well as the long term stability of the
instrument 'performance merit careful consideration. Effects of mains fluctuations,
temperature, humidity and variations arising out of counting statistics set the limit for
the detect ion of small changes in dose rate. Lightning can cause sudden transients if
^he instn iment is not properly shielded. High relative humidity can adversely affect the
insulators and high-Meg resistors unless the system is properly sealed.

During the initial selection of a site for installing the environmental radiation detectors,
it is v,yorthwhile to make a survey with a field instrument to ensure that there are no
significant anomalies like large background value areas that might affect the
me? isurements. The choice of the site is also influenced by other considerations such as
the, availability of mains power, adequate security for the instruments and predominant
wind direction as noted from the wind rose for the site.
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From ICRP recommendations (ICRP 61) on maximum annual dose equivalent
allowable, it can be inferred that any increase in the environmental dose rate should not
exceed 1 mGy/y (100 mR/y) above a natural level of 100 mR/y. The discussion in the
previous section on the uncertainties associated with low level measurements puts in
proper perspective the inherent problems in accurately inferring and estimating the
dose contributions due to effluents from a nuclear facility. However, detectors and
instrumentation methods along with data analysis techniques have developed to such
an extent that a reasonable estimate of environmental gamma-ray dose rate can be
deduced with sufficient accuracy for practical purposes even when the short term
plume contributions are small compared to long term fluctuations in radiation
background.
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ANNEXURE 2

ENVIRONMENTAL RADIATION DETECTORS

SPECIFICATIONS:

1. GM DETECTOR: 11005 of M/s ECIL

Cosmic ray Gamma sensitive and Halogen Quenched

Operating Voltage

Plateau Start

Plateau Slope

Shielded Background

Cathode Material

Gas filling

Overall Length

Diameter

500 volts

450+25 volts

12% per 100 Volts

400 cpm (in 40mm Lead)

Stainless Steel

Argon Neon Halogen

400+10mm

40+2mm

2. PRESSURISED lONISATION CHAMBER: LND 512 of M/s LND

Operating Voltage

Diameter

Sensitive Volume

Pressure

Signal electrode to shell
resistance

Gamma Sensitivity

1000 volts

10 inches

8000 cc

19000 Torr (25 atm)

>1013 ohms

27*10"' Amps per
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ANNEXURE 3
SPECIFICATIONS FOR THE DATA LOGGER

1. Number of analogue channels

2. Analogue input voltage

3. Input impedance

4. Measurement resolution

5. Data memory capacity

6. External communication port

7. Communication baud rate
8. Log Interval

9. Real time clock

10. Automatic print interval

11. Print out mode formats

12. Digital display
13. Display modes

14. Input power

15. Operating temperature

16. Data integrity check

7 for user, 1 for self check

0-5 volts D.C

10 Kohms

1 part in 256 (8 bits)

4096 per channel with battery backup

RS 232C Serial port and Opto isolated I/O
(Optional)
600-4800 programmable

1 to 60 minutes selectable

Hardware implementation with battery backup

Programmable 1-99 logs

1. Log status 2. Data with date and time

4 digits, 1 for channel & 3 for data
Scanned data, channel number, Time and Log
number in progress
230 volts a.c, ±10%
10-40°C, ambient temp and dust free
atmosphere
Watch dog facility and one channel to sample
standard known voltage
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ANNEXURE 4

SPECIFICATIONS FOR PSION DATA TERMINAL
PSION ORGANISER II

Memory

Display

Communication Link

Keyboard

Power

Mass-storage devices

Size

Internal RAM 32 KB

Dot matrix character based LCD 32 characters, 2 lines

RS 232C

36 multi-function keys

Alkaline type battery

Data packs (capacity- 2 Nos)

142X78X30 mm
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ANNEXURE 5

SPECIFICATIONS FOR GAMMA TRACER

Detector

Sensitivity

Measuring range

Calibration error

Calibration radiation

Energy dependence

Data storage

Data capacity

Data transmission

Power supply

Size

Weight

Temperature range
Protection mode

2X GM tube
2X 0.2 impulses/sec with 100 nGy/h

lOnSv/htolOmSv/h
±5%
662keV(Cs-137)
±30%(45-1300keV)

1 min to 120 min (selectable)

12,800 measuring points

up to 10m distance by infra-red

Lithium battery (30,000 hrs)

60 mm dia X 665 mm length

950 gm

-20°C to 50°C

Water proof and weather proof
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