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Abstract

Due to the far-reaching consequencies of the Chernobyl accident,
the IAEA formally approved and adopted a convention on the
assisstance in the case of a nuclear accident and another convention on
the early notification in case of a nuclear accident. Along the same line,
many countries made provisions to enable the continuous measurement
of the environmental radiation field and radioactivity in air, water,
earth... etc.

These facilities are very useful in the early notification about
approaching airborn radioactive materials released to the environment
as a result of a nuclear accident.

In Egypt, the environmental radioactivity monitoring program
involved the establishment of a gamma-field and gross (3 -monitoring
system consisting of stations housing the appropriate sensors, distributed
in sites carefully chosen all over the country and connected to a central
station, in the network directorate, used for data processing and display
of results.

In the present work, a general description of the first phase of the
environmental radioactivity monitoring system is given together with the
main problems encountered during its establishment.

* Present Adress: Arab Atomic Energy Agency, P.O. Box 402, 1004 Tunis.

** Present adress: Civil Defence Directorate, State of Kuwit.
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1- Introduction

In late April 1986 a major nuclear accident took place in the fourth
unit of the nuclear power station in Chernobyl,USSR. The accident was
officially declared after a few days of its occurance. Actually, that
declaration came 70 hours after an alarm signal was recorded by an
environmental radioactivity monitoring network in a nuclear power
station in Sweden.

Due to the far reaching consequencies of the accident at
Chernobyl,the IAEA General Conference formally approved a
convention on the assisstance in the case of a nuclear accident or a
radiological emergency(1986) and another convention on the early
notification of a nuclear accident (1987). Moreover , attempts were
made to improve radiation monitoring capabilities and exchange of
information both on the national and international levels.

In many countries programs concerned with the evaluation of the
environmental radioactivity in air, water, soil, and various elements of
the food chain are regularly carried out. Moreover, beta and gamma
field radioactivity continuous monitoring networks are also established
and operated in many countries in order to afford a means of
monitoring any air contamination and to ensure the early warning of
the competent authorities in case of emergency. The main objectives is
to enable the continuous assessment of the impact of radioactivity on
the health of the public and on the integrity of the environment (1).

In Egypt, the environmental radioactivity monitoring program
consists of two parts that are carried out in parallel by two different
groups in the EAEA. The first part involves a radioactivity monitoring
programme in soils, waters and plants carried out by the central
environmental radioactivity monitoring laboratory CLERMIT (2). The
second part involves the establishment of a gross P- and y -field
monitoring network consisting of a series of individual radioactivity
monitoring stations that are distributed country wide in key sites and
connected to a central station used for data processing, display of results
and control of the performance parameters of the stations. Thus the
direction and radiation intensity of any radioactive cloud or air current
could be evaluated.

Environmental radioactivity monitoring networks in air are usually
constructed on a national level. However the performance of the
monitoring systems is much better improved if the national network of
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one country is compounded with the neighbouring networks in a more
elaborate regional network which in turn could be connected to other
regional networks forming a global ERM network. This improves the
system of early notification of major nuclear accidents as well as any
other minor accident occuring somewhere in any given country.
Consequently, it has been suggested by the AAEA, a few years ago, to
establish the extended environmental radiation monitoring and early
warning network of the Arab countries (3), breifly treated in the
following.

The Arab world is rather widespread. It extends from Morocco in
the west to Iraq in the east and from Syria in the north to Somalia in the
south consequently, it would be rather difficult to establish a single
network to cover all that area.

Based on the fact that each contry in the arab region is supposed to
establish its local Radiation Monitoring Network, it was suggeted to have
the national networks of the different countries of the arab world
divided into four regional networks, the northern, southern, eastern and
western regions which are in turn connected to a main central station of
the Arab Countries Network. Table 1 shows the countries belonging to
each region. Each region has a central station in one of the countries of
that region. The centrel stations of the four regions are then connected
to the main central station thus forming The Interrgional ERM network
of the Arab world (3).

The interregional network of the Arab countries could be easly
connected, through the main station, to the Global environmental
Monitoring Network.

The main objective of the latter is to regularly provide information
on radioactivity in the environment from as many countries as possible,
particularly in case of a major release and to help countries that donot
have such monitoring systems to do so. In addition, as a central
organization, it can help in imporoving the quality and compatibility of
data generated by different countries, through regular intercomparisons
and standerdization of the calibration and measurement procedures.

The present report deals, in its first section, with the general
description of the network and its components and the general
distribution of the stations all over the country and the climatic
conditions in which these stations are located. This is followed by
testing, calibration and operation of the network, and the problems
encountered in that phase of work .
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Table 1 :
National and Regional Environmental Radioactivity
Monitoring Network of the Arab World and Their

Interrelation With International Organizations

National
ERMOS
& Labs.

Regional
ERMON

f The Env. Rad.̂ l
Monlt Network

or The Arab
Countries

International
Organizations Of

E.R.M. SYS-
TEMS

Libanon
Syria
Jordan
Iraq
Egypt
Palestine

Yemen
Sudan
Somalia
Giboti

Kuwait
Qatar
UAE
Bahrain
Saudi Arabia
Oman

Libya
Algeria
Tunisia
Morocco
Mouritania

Northern
Network

.(C.S.: Jordan)

Southern
Network
(C.S.: Sudan)

^Eastern
Network

(C. S.: S.A)
j

f Western

Network

(C. S.: Libya)

Head quarters

of the ERMON

of the Arab

Countries

Global Environ-

mental Radiation

Monitoring Network

GERMON

(WHO/UNEP. IAEA)

(C. S. = Control Station)

2- Environmental Radioactivity Monitoring Network
(Ermon)

A - General Description:

The system is an integrated y - field and radioactivity monitoring
network designed to interconnect several monitoring stations in a
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unified system. The system offers a highly flexible facility for gathering
radiological environmental data. It also incorporates a facility for
controlling the measuring system parameters.

The first part of the network consists of a series of gamma field
dose rate measuring stations ,consisting of Eberline's ERM-2 units
placed in different sites all over the country and connected via public
telephon lines, through the appropriate modems,to the main network
directorate in Cairo. Figure 1 shows the general outlines of the network
structure and its elements. The network is also capable of accomodating
hardwire connections to stations rather close to the central station. For
very remote sites radiotelemetry could be applied to transfere signals to
the nearest telephon station.The software used could also accomodate
data from Beta aerosol monitors , radioactivity monitors in aquatic
systems in addition to different chemical pollution monitors.

1) Gamma field monitoring Stations:

The remote environmental radiation monitoring stations consist of a
relatively large enough metallic shaded enclosure that is very firmly
fixed in the station site provided with a telephon line terminal and an
electric current source. The shaded enclossure is provided with an
electric fan to keep the inside temperature lower than the high ambient
temperature in summer time. In the shaded enclosure is placed the
Eberline's model ERM-2 monitor which is a rugged self contained
measurement system designed to give continuous on-line quantitative
assessment of environmental gamma field exposure levels.

Each ERM-2 monitor is comprised of model HP-270 energy
compensated halogen quenched Gamma detector coupled to a data
aquisition microcomputer with built in detector high voltage power
supply and a signal conditioning circuitary in the form of a single
channel analyzer enabling to support a large variety of detectors to
perform radioactivity measurements of any type. The pulses generated
in the GM tube ,after being processed by the low gain amplifier, are
transmitted to a multipurpose discriminator which can be used either for
gross counting, as in case of gamma ray detection, being set at low
discrimination level, or as a single channel analyser having certain
adjustable widths "windows" for beta or alpha detection. The output
pulses after the descriminator, are then counted by the sealer:

The ERM-2 units have all its electronic and other sensing elements
enclosed completely in a humidity proof box which also protects the
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sensitive parts in the station from fine sand particles that can penetrate
into the microprocessor.

In case of any power interruption or failure, the necessary power is
provided by a rechargeable battery that is capable of supporting the
ERM-2 data acquisition electronics for approximately 48 hours. The
units also incorporate a surge suppression and noise filtering circuitary
for the incoming 220 VAc power line.

The remote stations are linked to the central computer by telephon
lines through telephon modem connections. An internal replaceable
battery supports the functions of the telephon modem, for
approximately ten hours, in case of AC electric power line failure. If the
communications to the central computer station is lost, the remote
stations in the field continue to operate independantly, logging and
storing data points from hours to days depending on the mode of
operation. The recorded data could be retreived either when
communications are again reestablished or directly from the ERM-2
compuer in the field. The ERM-2 stores at least 1500 of the most recent
data points in its central memory which can be locally displayed either
by a printer or a portable computer..This is approximately 15 days
worth of data if normal 15 minutes measuring intervals are used. Figure
2 shows the wiring diagram of all the components in a monitoring
station. Figure 3 shows the unit components enclosed in a humidity and
particulates proof box in the monitoring stations.

2) Central computer station :

A high performance central computer with a fast and efficient
program that provides all communications and visual displays of data is
used in the network central station, in the National Centre of Nuclear
Safety and Radiation Control. The computer special software used
enables two-way communication with the remote stations and provides
visual displays of the results after processing of the incoming radiation
data. The software also provides the possibility of controlling the
different working parameters of the remote stations.

The general specifications of the computer are : ALR Model
80-386 (IBM Compatible) computer, 25 MHz, 2 MB RAM, 1.44 MB
and 1.2 MB Floppy drivers 20 MB Cartridge Driver (Model 8087);
VGA Color monitor. The computer system is powered through 300
Watt UPS.
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Telephone modem

RAWoJ-l' t |

Radiotelemetry

Figure. 1: Elements of the radioactivity monitoring net-
work and means of their connection
(Communications link)

Figure. 2: Overall wiring diagram of the ERM-2 stations:
1 • Shaded enclosure, 2 • Ac power input 3 - Fan thermostat,
4 • Electric fan. 5 • Ac power cord, 6 • Dual outlet surge
suprasor, 7 - Ac/Dc converter, 8 • Ac power cord, 9* ERM-
2 electronic pakage. 10 - GM detector (HP - 270), 11- 1200
Baud telcphon modem, 12 - Modem lopressor. 13 • Tele*
pbon line Input.
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4 CM* door, lnald* vl»w

Figure. 3 : Dustproof case enclosing:
1 • ERM-2 electronic pakage, 2 • ERM-2 cross bracket,

3 • Hand probe,4 - Probe holder, 5- Input cable, 6- Surge
supressor, 7 • 9 v Adapter, 8 • Telephon modem.
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The central computer automatically polls all active monitors in the
system and stores retreived information on a hard disk. While logging is
being performed ,a system-specific high resolution colour map display
is constantly updated with the status and readings of all monitors. A
screen graph of all data can be logged for a specific monitor on any
day. The operator can move a screen pointer to any point during the
day and display the digital reading associated with the selected time
period. The minimum,maximum and average readings for the day are
displayed along with dashed lines ; two standard deviations are plotted
above and below the daily average ,

All changes to the operating parameters are protected by password
controls. Reporting also includes daily or monthly system summary.
Reports are generated both automatically and on request by a manual
command . The central computer can receive data from up to 250
monitors placed in different locations in the country.

The output pulses of the discriminator are normally displayed as
counts. The microprocessor calculates the results in terms of any other
unit selected by the operator : Count rate , rads , Gy,R or Sv.

B - Installation of The Network Elements And Central
Station

As has been indicated before, the first stage involved the placement
of 13 ERM-2 units in different geographical sites all over the country,
then connecting them through the National Telephon Network to the
central computer station in the network directorate. Figure 4 shows the
chosen sites for placing the different stations. It could be observed that
there are 22 sites, along the northern coast and also the eastern borders
i.e. Sinai and Red Sea coast, as well a's along the Nile valley, that are to
be equipped with as many stations as possible to enable the effective
discovery of any probagating radioactive plumes.. Table 2 shows the
types and number of stations planned and those that were actually
mounted by 31 s t of January, 1993 . In some of the sites several types
of stations are to be mounted. Thus ,in addition to the / - field
monitors, 8- aerosol monitors are to be placed in some of the
selected sites. Some radioactivity monitors in water are also planned to
be placed in some coastal sites.
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Figure 4 : DIstiibution of the sites chosen tor the remote monitoring
stations of the radioactivity monitoring network of Egypt.
1 • Salum, 2 • Matrouh, 3 • Dab**, 4 • Alexandria,
5 • Baltlm, 6 - Port Said, 7 • Arisb, 8 Melez, 9 • Ras
El Negev, 10 - Ismailla, 11 - Sues, 12- Tanta, 13 • Zaga-
zig, 14 • Assiut, IS • Aswan. 16 • Horgbada, 17 - Co-
sair, 18 • Banaria. Oasis 19- Mansoura, 20 - Inshas,
21 - Cairo, 22 • Saint, Catherin.
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Table 2 :
Sites and types of the different radioactivity monitoring stations of the

ERMON

Station Site
Serial

No

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Town

Salum
Matrouh

El-Dabaa
Alex.
Baltim

Port Said
Arish

Melez
Ras Negev
Ismailia
Suez

Tanta
Zagazig
Asiut

Aswan
Horghada
Cosair

Baharia
Mansoura

Inshas

Cairo
Saint Cath

Total

Planned
1

2
1
1
3
1
2
2
1
1
2
3
2
1
1
1
1
1
1
1
1
3
1

33

2

1
1

1
1

1

1

1

1
2

10

stations
3

1
1
1
1

1
1

1

7

4

2
1
3
5
2
4
3
1
2
3
5
2
1
1
2
2
1
1
1
2
5
1

50

Mounted
1

1
1
1

1
1

1
1
1

1

1

1

11

2

2

2

Stations
3 4

1
1
1

1
1

1
1
1

1

1

3

13

Alternate
sites

Damietta

Sharm El-
Sheikh.

Taba

Qena,Beni-Swif,

El-Tor

1 - Gamma Monitoring Station in air (ERM-2).

2 - Aerosol Monitoring Stations.
3 - Coastal Liquid Radioactivity Monitors
4 - Total.

The climatic conditions of the sites chosen for placing the stations
are largely different. Table 3 shows the weather conditions in the
different regions .From this table it is clear that the stations in the
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different sites are subjected to large temperature differences,humidity
wide changes and posssibly also to fine sand particulates suspended
normally in the air in desert sites.

Table 3 :
Weather conditions in the remote monitroing stations sites

Region
North coast shoreline

Southern region

Eastern region

Western desert

Locations of stations
Salum, El-Dabaa, Alexandria
Rashid, Damietta, Port Said
El- Arish

Aswan, Assiut,
El-Menya Oasis

Red sea coast, Hurghada,
Eastern desert, Sinai desert

Western desert, Baharia Oasis.

Characteristic weather
Relatively fine weather,
Temp. 15-30° C, some fine
sand particles, high
humidity, specially in
summer. Some rain in
winter
Normally hot weather most
of the year, Temp, >50°C,
High humidity in Aswan in
summer. Scarce rain.
High temperature in
summer; high humidity,
fine sand interference, cold
in winter.
Dry waether, sometimes
high temperature.in
summer

As has been indicated before ,all electronic and other sensing
elements are enclosed completely in a humidity proof box which also
protects the inner constituents in the ERM against the penetration of
fine sand particles into the microprocessor. Moreover, the regulated
ventilation fan inside the shaded enclosure is used to keep the
temperature inside the box between 20 - 30°C. The fan can work, even
continuously, for very extended periods of time (about 20 days if
necessary).

In humid locations the accumulation of humidity inside the shaded
enclosure could lead to many problems ranging from short circuiting to
bad contacts. This has been taken in consideration during the routine
maintenance .

Some specifications were taken in consideration on choosing the
proper sites for the units as follows:
1- The chosen places should be far enough from neighbouring high

buildings . The stations themselves should be placed at suitable
heights (10-15 m) on the chosen buildings, to enable the detectors to
see any plume freely from any side.

1087



2-Special care should be taken to keep the ERM-2 away from EMP
generators such as high voltage cables and accelerators and from
irradiation facilities.

3 - The stations should be kept out of reach of unauthorized personnel.
At the same time, the station site,which is usually chosen above
governmental buildings for increased security, should be easily and
readily accessible to facilitate regular inspection and maintenance as
as well as for routing checking.

4- Each station site should be provided with an electric power line and a
telephon connection. Fluctuations in the electric current should not
exceed ± 15%, otherwise low power current stabiliser should be
used. Good earthing is necessary for each station

The places actually chosen to fix the different stations satisfied all
the above mentioned requirements. The placement of the stations in
these sites involved a tremendous effort. With no past experience in the
implementation of such intricate detection and data transfere systems it
was found necessary to organize local training activities around the
system for the working personnel and staff. It was also decided ,on
starting the implementation of the project,to begin with placing the very
far away stations from Cairo ,where the network main office is
located.Thus, the stations at Alexandria,Ismailia,Suez , El-Arish ,Port
Said, Matrouh and Aswan were the first stations to be installed on the
basis that if these stations were successfuly mounted, connected to the
central station and operated, probably no more serious problems would
be encountered on connecting all other sensors nearer to the central
station.

C - Adjustment, Calibration And Quality Control Of The
System And Its Components

After installation of the first group of sensors it was important to test
the function of the software and the communication. Thus, the whole
system was operated and data were polled from some of the stations by
the central computer. It was found that while the different remote
stations responded to the commands from the central computer the data
received from the stations were not satisfactory. This indicated
improper functioning of the ERM-2 detection system. Accordingly ,a
program was tailored for adjusting, calibrating, controlling and assuring
the quality of the ERM detection system, and also for further control of
the overall system , including software and communication,... etc.
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1) Adjustment And Calibration

According to the manufacturer's manual the calibration procedure
is classified as electronics calibration which is concerned with the
detector electronics i.e., pulse height threshold, and the high voltage bias
of the G.M. tube, and dose rate calibration, (i.e. exposure rate
calibration).

i) Threshold calibration

The recommended pulse height threshold used in the units is 10
mV. This has been adjusted by using a pulse generator (Eberline Mini
Pulser model MP-2) set at 40K cpm, and 10 mV. The output of the
pulser was connected to the input of the detector unit with the speaker
on. By raising the discriminator level just to stop the detection of the
imposed pulses, the correct threshold value of 10 mV could be
acheived.

Sometimes, the highest discriminator level did not stop even 7mV
pulses. In such cases, it was assumed that either the maximum
discrimination potential is less than 7 mv or that the amplifier gain is set
at amplifier gain more than unity, so that pulses smaller than 7 mv are
amplified to more than 10 mv and thus passes the descrimination level.
In such cases the amplifier gain was adjusted in such a way that the 10
mv were stopped by the discriminator setting. If this treatment was not
successful, the discriminator had to be examined and repaired.

Drop in the battery charger voltage, (6.83 + 0.07 Vdc) can be a
potential reason of low discrimination level, thus, in such cases, the
battery input voltage, (charging voltage), has to be checked, as well as
the output voltage. Consequently battery check, was always the first step
in calibration.

ii) High voltage calibration

The ERM microprocessor incorprates a high voltage calibration
programme, which allows adjusting the high voltage-"level"
potentiometer to read 600 (V) on a voltmeter, then the "gain"-
potentiometer to read 1800 (V). By repeated adjustment of these two
extreme points, high voltage is deemed to be calibrated, Linearity has
been confirmed, by checking several points between 600 - 1800 (V).

To achieve reliable calibration of the high voltage, particularly in
the range of the plateau, the least squares regression method was
applied. Table 4 exhibits some examples of this procedure. The line
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fitting correlation factor was taken as indicator for good fitting, if it is
less than 0.998, the calibration had to be repeated.This value has been
arbitrarily chosen, since the experimental results showed that the
correlation factors of most of the units were 0.998 and higher. From the
results shown in table 4 it could be noticed that the unit 175 has a rather
short high voltage range (752 - 897V).

. Again, it happened, in some units, that the high voltage was neither
stable nor linear. Such units have been subjected to several tests
including battery test. In general, bad connections and earthing are
some probable sources of trouble. Cleaning of the insulators, ensuring
tight connections, and resoldering loose contacts were found very
effective in eliminating most of the troubles.

The working high voltage, was necessary to be set correctly before
exposure rate calibration. The manual recommends 905 V, as a working
voltage, for all units. Actually this value is around the proper one; but
still there are differences in the working voltage of the different
detectors. These differences have been deemed, by the manufacturer, to
be compensated through the calibration constant (CC), after calibrating
the systems for exposure rate.

Table 4 :
H. V. Calibration in two units (High Voltage linearity)
and linearity confirmation using least squares methods

Unit.
Inst. (V)

X
897
775
714
668
559
607
630
645
706
721
744
752

Corr. factor

No. 175
True. (V)

Y
907
782
717
673
597
603
628
644
704
720
738
750

0.994

Unit
Inst. (V)

X
1580
1590
1320
1250
1190
1010
966
927
882
790
760
705
676
645
592

Corr. factor

No. 182
True. (V)

Y
1579
1519
1318
1254
1195
1011
963
934
893
799
765
706
670
645
592
0.998
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iii) Exposure rate calibration

The calibration of the detection system for exposure rate has been
carried out using a Cs-137 standard source, (10 mCi), with a calibration
certificate which is actually a calibration chart in which the dose at
diffrent distance setting from the source are given. Thus the value of the
calibration constant (CC) was determined and it was possible to achieve
reliable calibration, of three or four units per week.

The dose rate reading indicated on the unit, placed at a given
distance from the sourse, was adjusted by the CC Key to read the value
given in the calibration chart for that distance.

By repeating the process at different distances from the source the
proper CC factor was determined.

Similarly, the correct dead time value was determined by adjusting
the dose rate value, indicated by the unit, placed at a given distance from
the sourse, to read the value indicated in the calibration chart for the
distance used, by the D.T. Key. Adjusting and calibrating the CC and
DT, as mentioned, improve the counting efficiency and lead to the
proper interconversion between the different measurement units.

Radiation protection regulations have been taken in consideration,
during calibration, to avoid exposure of the working personnel to
unjustified doses.

iv) Inherent background

In case of the ERM system having G.M. tubes as detectors, the
inherent background is due to the filling gas, the material of the tube
and any associated materials. For low level counting systems the
inherent background is a serious parameter that limits the lower
detectable level of activity. As long as the ERM, is designed for
environmental radioactivity detection, which is very low in nature, the
inherent background should be taken in consideration, otherewise, the
indicated exposure rate, will, apparently, be several times higher than the
actual level.

To avoid such confusion, the manufacturer included in the
microprocessor of the ERM a "Fixed BKG" value, to be subtracted from
the average of the reading, after a certain counting time interval.
Obviously, the value of "F.BKG" is different for different detectors i. e.
G.M. tubes.
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To determine the "F.BKG" the G.M. tube should be operated while
being inside the proper shield. This facility is not available in our
calibration Lab., thus the value quoted in the manual has been taken as
an initial value (4), during exposure rate calibration mentioned above.

2. Quality Control

In principle, the plateau shape and characteristics of any gross
counting system reflects its performance and reveals any possible
defects. Thus, it was preferred to perform plateau investigations as a first
step. For this purpose a Cs-137 point source (™ \\lCi), has been used.

Beside determining the working voltage of the detection system, it
was possible to repair few malfunctioning detectors, through the analysis
of the plateau in terms of the following characteristics:

i) Counting reproducibility (stability

Generally the fluctuations in the counting rate at certain high
voltage setting, along the plateau, reflects the counting reproducibility
of the detector. High scattering around the count rate average, i. e.
higher standard deviation values indicates malfunctioning of the
detection system, of some units. Figure (5,a) shows the situation actually
found in one of the units. After carrying out the necessary repairs a
better plateau was obtained with markedly less standard deviation values
of the count rate recorded at the different high voltage settings. Figure
(5,b) shows the plateau shape and characteristics after repair.

ii) Dead time effect

The measured plateau of some units oftenly showed a negative
plateau, particularly at high working voltages. This phenomenon
probably is due to RC>1, where RC is the decay time of the pulse, and x
is the dead time of the detector. However, the ERM has a facility to set
the dead time electronically, and if this value is underestimated,
negative plateau may occure. Negative plateau may also occur due to
bad earthing and/or bad contact, particularly at the pulse input of the
microprocessor. Such phenomena is exhibited in Figure (6,a) Adjusting
the dead time, and repairing the detector contact points resulted in a
better shape of the plateau as shown in Figure (6,b).
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u

High Voltage

Figure 5 : A - Plateau of a ItuuTuncttong unit (High reading
fluctuations)..

B • Plateau of the same unit after repair.

High Voltage

Figure 6 : A - Plateau showing a negative trend.
B - Plateau of the same unit after adjusting for the dead

time.
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iii - Calibration constant control

During calibration of the ERM for the exposure rate, using = lOmCi
Cs-137 source, it has been tried to minimize the dose recieved by the
team, through minimizing the calibration time. However, the
fluctuations in the reading did not allow precise determination of the
calibration constant. On the other hand, the uncertainty in the (CC)
value was found to differe from one detector to another.

To overcome these difficulties the ERM systems were controlled
using — 1 (iCi Cs-137 source, and the (CC) was adjusted, in several
detectors, such that the average reading was adjusted to be the same in
all of them, within the statistical fluctuations. To standardize this
procedure for all the units, one unit has been used as a reference unit;
i.e. kept at the lab., and used for comparison with the different
individuals of the series of units to be adjusted. Table 5 shows the
readings of some units after adjustment.

Table 5 :
Calibration constant adjustment in four different units to read the

same dose rate, ± s.d.

UNIT No

180

174

160

176

Measured Dose rate (|iSv/h)

9.15, 9.53, 9.87, 9.50, 9.26, 9.64,
9.43, 9.40, 9.57, 9.78, 9.01, 9.18,
9.54, 9.46, 9.92, 9.89, 9.62, 9.21,
9.46
9.22, 9.74, 9.27, 9.73, 9.37, 9.28,
9.94, 9.35, 9.48, 9.15, 9.27, 9.66,
9.51, 9.44, 9.20, 9.18, 9.56, 9.34,
9.61
9.06, 9.00, 9.06, 9.34, 9.20, 9.49,
9.57, 9.73, 9.34, 9.44, 9.84, 9.26,
9.61, 9.53, 9.96, 9.41, 9.55, 9.56,
9.61
9.15, 9.83, 8.70, 9.41, 9.26, 9.43,
9.48, 9.28, 9.09, 9.51, 9.82, 9.11,
9.65, 9.47, 9.77, 9.35, 9.71, 9.38,
9.71

Mean dose rate
±S.D

9.50±0.25

9.44±0.22

9.45±0.25

9.43±0.28
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iv - Fixed background

It was important to control the ERM units to read the same average
background when present under the same conditions, i. e. when
subjected to the same y~ field, (external background). To acheive this
condition one ERM unit has been checked, calibrated and prepared to
be as a reference unit, "standard". Usually 3 or 4 units were calibrated
per week. All the calibrated units together with the reference unit, were
monitored for, at least, 24h; the results were processed statistically and
compared with each other and with the standard unit. Thus, before
fixing the units in the planned sites the fixed background in every unit
was adjusted in such a way that all the readings in the monitored units
were the same as that given by the standard unit (within ± 15%).

Table 6 :
Background readings +S.D (15 minuts counting interval), for several

detection sets. The Fixed BKG, is adjusted accordingly, to make the
average reading about 2± (15%) [iSv/h)

UNIT No
160

174

176

Readings (uSv/h)*104

261, 238, 248, 197, 187, 230, 228,
246, 266, 261, 238, 202, 228, 189,
220, 148, 269, 235, 233, 204, 194,
197, 217, 217, 240, 192, 233, 189,
207, 233, 187, 199, 187, 199, 207,
181, 246, 204, 192, 235, 187, 189,
215, 217, 217, 233, 243, 230, 240,
215, 202, 199

243, 260, 287, 202, 228, 287, 255,
265, 191, 233, 271, 180, 196, 207,
212, 223, 212, 218, 202, 207, 196,
196, 255, 212, 212, 186, 244, 255,
249, 255, 223, 212, 228, 228, 247,
233, 239, 202, 223, 260, 186, 198

277, 195, 234, 145, 165, 165, 234,
147, 155, 165, 190, 155, 150, 165,
147, 188, 193, 147, 175, 149, 193,
178, 239, 193, 172, 236, 242, 186,
186, 189, 199, 147, 228, 155, 148,
222, 153, 134, 184, 194,229

Average ± S.D
(2.17±0.25)xl0-2

îSv/h

(2.27±0.27)xl0-2

|iSv/h

(1.84±0.34)xl0-2

^Sv/h
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v - Pre-installation service of units

Before installing the microprocessors in the sites, all the previous
parameters were rechecked and registered in a sheet designed for that
purpose. The sheet is filed and kept in the office, as a reference
document, which can be updated according to the followup
requirements. An example of the stations specification sheet is given in
Figure 7.

Applying the foregoing procedures, the following could be
achieved:

i) Reliable function of the ERM detection system;

ii) Proper working voltage to secure counting reproducibility;

iii) Correct calibration constant, to ensure homogeneous readings in
the same gamma-field; and

iv) Proper inherent background, (fixed background), that allows
correct interpretation of the results.

D - Operation of The Network:

The ERM Network is remotely operated by the central computer.

A special software is designed to enable interaction between the
network stations and the operator, i.e. the operator can change any of
the parameters of the remote stations, and receive reports in different
forms.

1 - Software Facilities:

When the Central Computer Software is executed, the operator is
presented with the main menu shown in Figure 8. Each of the
horizontal main menu items has pull down submenus. Using space bar,
or arrows keys any of the horizontal main menu items can be selected
i.e. "highlighted", and by pressing [Enter] the corresponding sub menu
list is pulled down, any of which can be selected and executed using,
either the arrows, or space bar keys followed by [Enter], or, by, simply,
pressing the first letter of the sub menu item.
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Gamma Field Montoring Systems (Erm-2)
Stations Specification Sheet

Location
P. c (Map No.)
Detector Syst.
Tel No.

No.

Location & Address

Station Detector Code Numbers
Instrument (P.c Map No.) :

Detector System No. :

Manufacturer Serial Numbers
Station (Metal)Housing) Serial No. :

SRM (Processor)serial No. :

Operation Parameters
Computer Format
I.D. (arbitrary)
Analog Out =
Log Decades
Sealer Mode :
Counting Interv :

Working Parameters
Cal. Const. (CC) :
High voltage (HV) :

Access level
Inst. (P.c Map)No.
Max. Analog scale

Screen # 1
Units =

Alarm (inst.)

Dead time (DT)
Fixed BKG

CALIBRATIONS (Date & Notes)

Figure 7: Station Specifications sheet.
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I:BERLINE ENVIRONMENTAL MONITORING SYSTEM

Log Data Graph Reports Edit Utilities Met. Quit

Figure 8 : Main menu list

Before operating the Network, the monitoring parameters and the
specifications of the type of the radiation monitors used should be
recognized by the central computer. This can be achieved by several
configuration procedures:

i. Configuring the system monitor group using [Edit] command
from the horizontal menu, Figure 9 is displayed. Pressing [+] and [-]
keys any of the parameters can be selected, and entered. By
highlighting [define monitor] from the sub menu, the screen displays
the monitor group definition shown in Figure 10. Using the arrows keys
followed by [enter] the operator can introduce the adequate parameters.

ii. Configuring the System Parameters using [Edit] from the main
menu and then [system setting], from the sub menu list, displays Figure
11 which shows the system parameters. Using the arrows keys followed
by [Enter], the operator can introduce the adequate parameters.

Pressing [ESC], saves all changes made when editing any and all
records.

i-BERLINE LNVIRONMENTAL MONITORING SYSTEM

Log Data Graph Reports Hdit Utilities Met. Quit

System Settings
Define Monitors
Channel Files
Logging Printers
Meteological Computer
lidit Colors
Training Simulator On/Off
Passwird

Figure 9 : Edit Command pull-sown submenu
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I-BKRLINK MONITOR GROUP DEFINITION

ADDRESS : 3

CAL. CONSTANT: 7(X)E+<)7 counts/Sv
SECTOR: 3
LOCATION: Alexandna
X LOCATION: 380
Y LOCATION : 75

LAST READING: 3.37 E-02
HIGH ALARM: 7.50E+O1
ALERT ALARM: 3.00E+01

ACTIVE? (Y OR N): Y
COMMUNICATIONS PORT NUMBER: I
CONNECTED VIA MODEM? (Y OR N): Y

TELEPHONE NUMBER: atpd 034209899

PREFIX UNIT: u
BASE UNIT: Sv
SUFFIX UNIT: /h

MONITOR TYPE: Gamma

DISPLAY ON MAP? fY OR N): Y

ESC Exit * Fl Edit * F4 Clear * + Next ERM • - Prev. ERM
Password OK

Figure 10: Screen display of the monitor group definition

SYSTEM PARAMETER DEFINITION

PASSWORD: EBERLINE
COMI BAUD RATE: 1200
COM2 IJAUD RA'iTE: 1200

COM3 BAUD RATE: 1200
COM4 BAUD RATH: 1200
REPORT LEFT MARGIN: 15
DISPLAY DATATYPE: Lot!
POLL DELAY KI00K SECS) : 0
KEY-UP DELAY (MSECS): 0
KEY-DOWN DELAY (MSECSl: 0

CUSTOM REPORT LABEL: LBERLINE ERM-2
PRINTER IN IT STRING:

SUPPORT REMOTE COMPUTER?: NO
SUPPORT MET. COMPUTER?: NO
K5LAR MAP BACKGROUND
DISPLAYED?: NO
PRINT EACH LOG POINT?: YES
AUTO REPORTING ENABELED/ YES
THICK GRAPH LINES?: YES
WIND DIR. METER ACTIVE?: NO
WIND DIR. METER ADDRESS: 30
WIND DIR. METER X LOCATION: 0
WIND DIR. METER Y LOCATION: 0
PRINTER TYPE: Epson
REMOTE COMPUTER COM PORT: 2

i:SC Save/ Exit * Fl Kdit * F4 Clear

Figure 11: Screen display of system pcrameters definition

Password OK

iii. The channel parameters are a group of parameters which affect
the general operation of a specific monitor. These parameters can be
displayed by selecting [Edit] and then [channel files] from the menu
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system. By entering the monitor number, a display showing the
requested channel parameter-file will be presented and any changes in
the parameters can be carried out. An example of file-display is shown
in Figure 12.

CHANNEL PARAMETER FILE EDITING

ADDRESS: 17
CHANNEL. I
UNIT PREFIX: H
UNIT BASE: Sv
UNIT SUFFIX: h
COUNT TIME (SECS): 900
HIGH VOLTAGE (VOLTS): 912
MODE: Sealer. Average Rate

CURRENT UNITS: Miv/h

DEAD TIME (SECS): I 20E-04
CAL. CONSTANT: 8.22E+O9couuts/Sv
ALARM SETTING: I.00E-02 ^v/h
FIXED BKG: 5.53E -02 MSv/h

Concentration Factors
BKG. NO. I ADD & CH. NO: I -1
BKG.NO.2 FACTOR: 0.00E+0O
BKG.NO.2 ADD & CH. NO: I -1
BKG. NO.2 FACTOR: O.OOE+00
FLOW(lmp):6.00E+Ul

HRM Gamma Cal. Constant is 8.22E+O9

ESC Quit • Fl Edit • F4 Download • F5 Disk Save

Figure 12 : A channel parameter file display

Password OK

iv. Other system parameters can be defined using the items
indicated in the [utilities] in the main menu, shown in figure 13.

indicated in the [utilities] in the main menu, shown in figure 13.

HBERLINE ENVIRONMENTAL MONITORING SYSTEM

Log Data Graph Reports Edit Utilities Met. Quit

Figure 13 : Details of the | utilities I subminu

System Utilities
Graphics Space
Communication Hrror Log
Disk/Memory Space
Backup Month Data
Form Feed Printer
Version Information

Password OK

After adjusting the monitoring parameters the system is operated
continuously.
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At certin predetermined intervales, monitor report and also system
reports are requested and the polled data are fed to the printer for
producing hard copies.

2 - Reporting of the monitoring data:

The stations reporting mode is as follows. The monitors are adjusted
for 15 minutes counting interval. The average of four readings ± the
corresponding standard deviation from their average appears each hour
Accordingly a daily report consists of 24 readings, each for one hour
counting interval, starting from O.OOh time. The minimum and
maximum of the four readings are reported as well. At the lower part of
the report the total exposure per day is given together with the
corresponding standard deviation, calculated from the standard
deviation in the individual readings per hour. Another form of
reporting is the comprehensive network system report, which exhibits
summary of the total daily or monthly exposure at each station of the
network.

By selecting [Report] command the possible different types of
reports are displayed in the submenu shown in figure 14.

By selecting [Monitor-daily] or [System - Daily] the screen display
presented in figure 15 appears. By entering the requested values in the
corresponding fieldes, the daily report will be generated. A sample of a
daily report is given in figure 16.

daily report is given in ngurc io.

HBERLINE ENVIRONMENTAL MONITORING SYSTEM

Lug Data Graph Reports tidit Utilities Mel. Quit

Monitor - Daily
System - Daily
Report All Monthly

Figure 14 : Possible different types of report selections.
Enter Address
Enter Channel

171 :
f 1:

Enter Archve Date |2 3 871:
Hour Detail? p
Smooth Data.'
Raw Data? |N'l

[Nl:

Figure 15 : Screen disptay of daily report request
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Daily Environmental Monitor Summary Report
Eberline Erm-2
Monitor:7
Sector: 7
Location: Arish
Report Date: 02/06/93 10:48
Report Period: 12/10/92 00:00 To 23:59

STAR

TIME

0:00

1:00

2:00

3:00

4:00

5:00

6:00

7:00

8:00

9:00

10:00

11:00

12:00

13:00

14:00

15:00

16:00

17:00

18:00

19:00

20:00

21:00

22:00

23:00

END

TIME

1:00

2:00

3:00

4:00

5:00

6:00

7:00

8:00

9:00

10:00

11:00

12.00

13:00

14:00

15:00

16:00

17:00

18:00

19:00

20:00

21:00

22:00

23:00

0:00

(Totals)

TOTAL uSv

1.97E-02

2.16E-02

1.64E-02

2.O1E-O2

2.21E-02

1.98E-02

1.63E-02

2.28E-02

1.84E-02

2.06E-02

1.93E-02

1.99E-02

2.41E-02

2.11E-02

I.90E-02

2.14E-02

2.28E-02

1.90E-02

2.64E-02

2.55E-02

1.82E-02

2.81E-02

2.20E-02

1.88E-02

5.03E-01

STANDA

RD

DEVIATI

ONuSv

l,60E-03

1.67E-03

1.46E-03

1.61E-O3

1.69E-03

1.60E-03

1.45E-03

1.72E-03

1.54E-03

1.63E-03

1.58E-03

1.61E-03

1.77E-03

1.65E-03

1.57E-03

1.66E-03

1.72E-O3

1.57E-03

1.85E-03

1.82E-O3

1.54E-03

1.91E-03

1.69E-03

1.56E-03

8.08E-03

AVERAG

ERATE

uSv/h

1.97E-02

2.16E-02

1.64E-02

2.01 E-02

2.21E-02

1.98E-02

1.63E-02

2.28E-02

1.84E-02

2.06E-02

1.93E-02

1.99E-02

2.41 E-02

2.11 E-02

1.90E-02

2.14E-02

2.28E-02

1.90E-02

2.64E-02

2.55E-O2

1.82E-02

2.81 E-02

2.2OE-O2

1.88E-02

2.10E-02

MINIMU

MRATE

uSv/h

1.01 E-02

1.63E-02

1.06E-02

9.55E-02

1.68E-02

1.11 E-02

1.16E-02

1.89E-02

1.63E-02

1.53E-02

8.52E-02

1.73E-02

2.10E-02

1.94E-02

1.21 E-02

1.06E-02

9.04E-02

1.37E-02

1.89E-02

1.73E-02

1.06E-02

1.58E-02

1.32E-O2

1.37E-02

8.52E03

MAXIMU

MRATE

uSv/h

2.62E-02

2.77E-02

2.15E-O2

3.08E-02

2.72E-02

2.88E-O2

2.10E-02

2.93E-02

2.10E-02

3.24E-02

2.56E-02

2.36E-02

2.77E-02

2.20E-02

2.56E-02

3.08E-02

4.02E-02

2.93E-02

3.55E-02

3.14E-02

2.46E-02

4.28E-02

2.62E-02

2.41 E-02

4.28E-02

MINS.

LOGGE

O

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

1440

%

LOGGED

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

Figure 16: Daily - Monitor report

By selecting [Report] and then [report all monthly] from the menu
system, the screen shown in Figure 17 will be displayed; the operator
will be requested to enter the date (month and year) for which the report
will be generated. Figure 18 shows an example monthly system report.
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Enter Archive Month

Raw Data? [N]

Send Report to (F)ile

and Year

MOSYS.

[2

Rep

93]

or (P)rinter and File (F orP)

Figure 17: Screen display of a monthly report request.

Monthly Environmental Monitoring System
Summary Report

Eberline Erm-2
Report Date: 03/06/93 12:06

Report Period: 02/01/93 To 02/28/93

Unit

3

6

7

9

10

17

18

23

Sector

3

6

7

9

10

17

18

23

(System Average

Location

Alexandria

Port Said

Arish

Tanta

Mansura

Ismailia

Suez

Aswan

Min/Max/Dose

Total Dose

uSv
1.22E+01

uSv
1.16E+01

uSv
8.03E+01

uSv
1.30E+01

uSv

0.00E+00
uSv

1.20E+01
uSv

1.28E+01
uSv

2.60E+00

Rate)

Ave. Dose
Rate

uSv/h
1.87E-02

uSv/h
1.74E-02

uSv/h
1.69E-02

uSv/h
1.93E-02

uSv/h
0.00E+00

uSv/h
1.79E-02

uSv/h
1.93E-02

uSv/h
2.56E-02

1.69E+02

Min. Dose
Rate

uSv/h
0.00E+00

uSv/h
0.00E+00

uSv/h
0.00E+00

uSv/h
0.00E+00

uSv/h
0.00E+00

uSv/h
0.00E+00

uSv/h
0.00E+00

uSv/h
4.64E-03

0.00E+00

Max. Dose
Rate

uSv/h
5.50E-02

uSv/h
4.53E-02

uSv/h
3.96E-02

uSv/h
1.64E-021

uSv/h
0.00E+00

uSv/h
5.51E-02

uSv/h
4.66E-01

uSv/h
6.01E-02

4.66E-01

% Data
Archived

96%

99.6%

7.1%

99.9%>

0.0%

100.0%>

98.8%

15.1%

Figure 18 : Monthly system report.

The Log data graph can be obtained by selecting [Graph] from the
main menu, then entering the monitor address and the archive date. In
addition the operator may select either the default display of five minute
average or the optional format of one hour average.
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Software Security

The system is controlled by a password which can be entered by
selecting [Edit] from the main menu and then [Password] from the sub
menu list. The operator is allowed to log on with the correct password
and enable editing. When the password is correctly entered, [Password
OK], will be displayed in the lower corner of the menu screen.

3 - Conclusions

Through the experience gained during the most tedious
implementation phase which was carried out with no past or previous
experience in constructing such intricate data measurement and
transfere systems, it can be concluded that:

1 - Environmental radioactivity and gamma field monitoring systems
are very elaborate and complicated systems involving data collection
and transfere subsystems. Extreme care should be always undertaken
during their choice and implementation.

2 - Special care should be given to the site selection for installing the
stations. Physical security should be guaranteed. In addition, for
practical reasons, it is better to have a specialist or a qualified
technician available in the locality capable of providing first hand
service for the stations, whenever necessary, particularly in case of
remote sites.

3 - The wiring of the components in the stations should be checked
before installing the stations in the chosen sites. Batteries should be
changed in the proper times. All conections in the ERM-2 units
should be checked and regularly rechecked. Good earthing of the
stations should be secured.

4 - A regular program for preventive maintenance should be adopted in
such a way that each station should be visited once a month. Special
care should be given to stations in coastal sites or humid places.

5 - Proper training programs should be organised for all the working
groups in the network; Installation group, calibration and
maintenance group, data manipulation group ... etc.
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ARTIST'S OPINION ON THE ELEMENTS OF THE

ENVIRONMENTAL RADIOACTIVITY MONITORING

NETWORK

( ARTIST: S. Morsy )
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