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A TECHNICAL EVALUATION OF THE EDA RADON GAS CONTINUOUS MONITORING SYSTEM

by

J. Bigu*

ABSTRACT

Extensive laboratory and underground tests were conducted with a radon

gas continuous monitoring system built by EDA Instruments Inc. The system

consists of several remote radon gas sensors linked via signal cables to a

central control unit that fully controls the operation of the radon monitors.

The system enables four operations to be performed: sampling, background,

flush and bypass. The sequence and duration of these functions is programmable.

Up to 20 functions in any desired pattern each lasting from 1 min to 23 hr 59 min

can be programmed. Several programs were used during the experiments in order

to obtain radon and thoron gas levels. The performance of the EDA system

was quite satisfactory. It is suggested that ruggedization as well as some

other modifications be introduced into the system to: a) better withstand

the harsh underground environment; and b) improve its performance.

* Research Scientist, Elliot Lake Laboratory, Mining Research Laboratories,
Canada Centre for Mineral and Energy Technology, Department of Energy, Mines
and Resources, Elliot Lake, Ontario.
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1. INTRODUCTION

The measurement of radon {and thoron) gas levels in mine air is

important as it enables, among other things:

A. To determine how effective underground ventilation is in removing

radon (and thoron) gas:

i) from mine walls; and

ii) as a result of some mining operations.

B. To estimate the concentration of the radon and thoron decay products

(i.e., radon and thoron daughters) which are significantly more

relevant from the health physics standpoint than radon and thoron

gas. (An estimate of the decay products concentration requires,

however, knowledge of several underground environmental variables,

e.g., ventilation characteristics, in addition to radon and thoron

gas concentrations.)

Radon gas measurements have usually been conducted in the past by the

grab sampling technique. However, this technique has two obvious drawbacks:

i) It necessitates a fairly large number of representative samples

which must be manually collected in air-tight cells.

ii) The gas samples are usually brought back to surface where measurements

can be carried out. The above technique is, therefore, quite

inadequate for the study of dynamic situations involving fast

changing conditions, such as those arising in blasting operations.

More recently, however, techniques have been developed which enable the

continuous monitoring of radon (and thoron) gas. These techniques have made

it possible to determine the concentration of radon (and thoron) gas under a

considerable variety of dynamic situations, therefore, permitting the study

of cases of considerable practical importance. Two such cases are the



variation of radon (and thoron) gas levels (a) in blasting operations; and

(b) arising from rapid fluctuations of the ventilation characteristics. EDA

Instruments Inc., a firm based in Toronto, has developed a system capable of

continuous radioactive gas monitoring. The material that follows is part of

a laboratory and underground technical evaluation of the EDA radon gas

continuous monitoring system conducted at the Elliot Lake Laboratory.

2. THE EDA RADON GAS CONTINUOUS MONITORING SYSTEM

The EDA radon gas continuous monitoring system consists basically of a

number of radon gas detectors (RDR-511 Remote Radon Monitor) linked to a

central unit (RDC-555 Radon Monitoring System Control Unit).

2.1. Remote Radon Monitors (RDR-511)

The remote radon monitors are field portable instruments which have been

designed to measure alpha particle emission from the decay of radon gas (Rn-222),

The monitors consist of a flow-through cylindrical chamber (cell) coated with

ZnS(Ag) coupled to a photomultiplier tube (PMT) , a sealer with 5-digit LED

readout, a sample pump, a memory unit and power supplies to operate the above

components.

The monitors are equipped with a timer with the following settings:

manual, 1 min, 2 min, 5 min and 10 min. On the timer's manual position the

monitors are controlled by the central control unit. On any other position

the monitors will not be controlled by the central control unit and their

function will be limited to measure, if so required, the activity of the cell

which may, or may not, contain a sample of gas. In the non-manual mode,

i.e., time setting on timer, the monitors will, therefore, measure 'cell

background' only.

With the monitor's timer on the manual position the following operations

aru possible: sample, background, by-pass and flush. Tln-si- functions



are described below.

Sample (S): In this mode the activity of the gas is measured while it is

being sampled, i.e., the gas is blown through the cell by means of the pump.

A filter at the pump's inlet removes decay products from Rn-222 and Rn-220

to ensure that only the gases enter the cell.

Background (B): In this mode the instrument will count the activity of

the gas contained in the detector, the contamination of the detector walls

and the detector's background noise (e.g., PMT). The pump remains inactive

during the background mode.

Flush (F): In this mode a suitable purging gas (e.g., N2, compressed air)

passes through the cell to flush radioactive gases out of the sensitive volume

of the detector. No sampling or counting is done in this mode.

By-Pass (BP): There is no sampling, counting or flushing in this mode.

The monitor is in a stand-by configuration. The purpose of this mode is mainly

to provide a suitable time interval between cycles.

Sample counts and background counts are stored in the monitor's memory,

displayed on the sealer's 5-digit LED readout and then transferred to digital

magnetic cassette tape in the central control unit.

2.2. Central Control Unit (RDC-555)

The central control unit is the brain of the EDA radon gas continuous

monitoring system. The heart of the unit is a Zilog Z80 microprocessor

which is used to control the operation of the remote radon monitors, and to

read, process, store and transfer data.

There are four functions that the control unit can command the radon

monitors to perform. These are, as described above: Sample; Background;

Flush and By-Pass. The control unit can be programmed to perform any

combination (of these four functions) of up to 20 functions and time lengths.



Each of the above functions can be programmed *o last from a minimum of 1 min

to a maximum of 23 hr 59 min. The program (i.e., the function cycle chosen)

can be reviewed by pressing the RECALL key on the control unit panel. This

will display the programmed cycle function by function on the screen of the

control unit with approximately a 2 sec delay between each. Any function in

the cycle or the entire cycle can be altered at will before or after a program

has been initiated by using the RECALL, HALT, SET (CONTROL), END CYCLE AND

RUN CYCLE keys on the control unit panel.

While the program is up and running the control unit has been designed

so as to enable the display of the status of each of the remote radon monitors

(i.e., counts), the current function in the cycle and the present function

time.

Visual display of the above variables is done by a 32 digit 5 x 7 dot

matrix LED readout in the control unit.

Data stored in the radon monitors' memory can be transferred to the

control unit via signal cables, telephone lines or radio telemetry. The data

transferred from the radon monitors is recorded on a digital cassette tape along

with time and source coding.

Real time (day, hour, minute) can be set by means of thumbwheel switches

and pressing the CLOCK (SET) function on the control unit. Once the desired

time has been chosen the realtime clock starts running from that point on.

Real time can be displayed in the control unit readout at any time by pressing

the CLOCK (DISPLAY) key on the control unit panel. The real time (beginning

and end) during which a measurement is conducted (e.g., sample or

background) is recorded on the digital cassette tape along with the counts.



The data recorded on the digital cassette tape can be read with a cassette

tape reader equipped with a CRT terminal screen. The record format on the

screen will appear as follows: radon monitor code number (2 digits); time at the

beginning of measurement (day, hr, min; 7 digits); end of measurement (day,

hr, min; 7 digits); function (S or B; one letter); counts (5 digits).

Data appears as 66-character blocks or data lines. As each radon monitor is

completely defined by 22 characters, data on 3 radon monitors per line can be

read at present.

A print-out of the data stored on the digital cassette tapes can be

obtained by transferring these data to a computer terminal by means of the

cassette tape reader.

With the present system configuration, and according to information

supplied by the manufacturer, the control unit has the capability of addressing

up to 32 remote stations located up to 1000 meters from the control unit.

(Our tests were conducted with four remote radon monitors located up to 200

meters from the control unit. Additional technical information on the RDR-511

and RDC-555 is given in Appendix A.

3. EXPERIMENTAL TESTS

Tests were conducted for approximately 2-1/2 months (beginning of January

to the second week of March, 1979). Extensive laboratory and underground

tests were carried out during that period.

3.1. Laboratory Tests

Laboratory tests consisted of a study of the short-term and long-term

performance of the (a) remote radon monitors (RDR-511); and (b) overall

system (i.e., RDR-511, four units, linked to the central control unit -

RDC-555).



Item (a) involved the following:

i) Taking background readings for 1 min, 2 min, 5 min and 10 min to

check instrument reproducibility, spurious noise signals and

possible malfunctions,

ii) Same as item (i), but a radon gas sample was introduced into the

monitors1 cells. Measurements were conducted before and after radon

reached equilibrium with its decay products, i.e., short-lived radon

daughters RaA, RaB, RaC and RaC1.

iii) Calibration of the sampling pumps' flow rates and study of the

constancy of these flow rates.

• iv) Calibration of sealers' timers.

In item (b) a variety of cycles involving the functions S, B, F and BP

were programmed and executed. The cycles programmed ranged from very simple

ones to complex cycles with up to 16 functions arranged In different patterns.

In addition, the control unit timers were also checked.

Once the tests indicated in items (a) and (b) were completed the continuous

monitoring system was taken underground for further testing. The laboratory

tests carried out before underground testing lasted for slightly over 3 weeks.

After the underground tests indicated below were finished further laboratory

tests for over two weeks were conducted.

3 .2. Underground Tests

Underground tests were conducted in tiiisc: uranium mines: Rio Algom and

Denison Mines, in Elliot Lake, and Agnew Lake Mines in Espanola.

A location was chosen in each mine where underground mining was underway. A

variety of mining operations were monitored in each mine. These mining operations

included drilling, blasting, roof bolting, mucking and slushing.

Radon monitors were located in the chosen area as follows: one unit at



the air intake, one unit at the working site and one unit at the air exhaust.

Monitoring of inactive areas was also conducted. The fourth unit was not used

most of the time; it was kept as a unit replacement should one of the other

monitors fail. The radon monitors were linked to the control unit via signal

cables up to 200 meters in length. The radon monitors were positioned about

50 cm away from walls and floors. Sampling was conducted at right angles to

the air flow, i.e., filter (used to remove dust particles and radioactive

decay products) parallel to air flow and mine side walls of working area.

Experiments conducted underground were divided into two main groups:

a) Continuous monitoring of radon (and thoron) gas levels;

b) Measurement of additional radiation variables, ventilation variables,

aerosol concentration and dust levels. These measurements were

conducted parallel to the continuous monitoring of radon (and thoron)

gas - See item (a) - and during the normal day work shift. The

variables measured were the following:

i) Additional radiation variables: radon and thoron decay products

(e.g., RaA, RaB, RaC, RaC1 and ThB), and radon daughter and

thoron daughter WL's.

ii) Ventilation variables: barometric pressure, air velocity,

temperature and relative humidity.

iii) Other environmental variables: respirable dust (e.g., SiO2) and

combustible dust (e.g., diesel fumes) fractions, dust size

distribution above 1 pm, and submicron aerosol size distribution.

4. MEASURING TECHNIQUES AND INSTRUMENTATION USED

4.1. Radon and Thoron Gas

Radon and thoron gas measurements were conducted with the EDA continuous

monitoring system (RDR-511 and RDC-555) described above. Some parallel



measurements were also conducted (at Rio Algom) with an EDA RD-200 radon

monitor.

Several cycles (i.e., programs) of the functions S, B, F and BP were

chosen in order to meet specific needs according to the mining operation to

be monitored, the radiation variables to be measured, the working site under

study and so forth.

The basic programs used were the following:

a) S(2) B(l) BP(2) ;

b) S(3) Bi(l) B 2(D B3(l) BP(4) ;

c) S(2) Bi(l) B2(l) B3(l) BP(7) Bi,(10) ;

d) S(l) B(l) B?(l) ;

In addition to the above basic programs combinations of the programs (a)

to (d) were also used, e .g . :

e) Si(3) Bi(l) B2(l) B 3( l ) BPi(4) S2(2) B-(1) BP2(2) , i . e . ,

a combination of programs (b) and (a); and

f) Si(2) Bi(l) B2(l) Bad) BPi(7) Bi^lO) S2(l) B5(l) BP2(1) , i . e . ,

a combination of programs (c) and (d).

The numbers in brackets indicate the time (in minutes) programmed for the

specific function shown. Thus S(2) indicates that sampling lasted 2 min.

The cycles were programmed in the function sequence indicated above. The

different sub-indexes for a given function in a cycle simply indicates the

number of times the function appears in the program.

Programs (a) and (d) were mainly employed for monitoring of radon gas

in rapidly changing environments. These programs were particularly suitable

for monitoring radon gas released in blasting operations. Th? cycle in

program (a) lasted 5 min, thereby enabling the monitoring of 12 cycles/hr.

For program (d) the cycle was even shorter, i . e . , 3 min, which permitted the

monitoring of 20 such cycles per hr.



Program (b) was aimed at determining both radon and thoron gas underground

and their ratio dependence upon mining operation and ventilation characteristics.

As indicated above three sequential background readings, with virtually no

time lapse between them, were conducted after gas sampling. The radon gas

concentration can then be calculated according to:

[Rn-222] = - 0.34Ci + 0.32C2 + 0.87C3

where C\, C2 and C3 are the net counts (i.e., background removed) corresponding

to Bi(l), E2U) and B3(l) .respectively.

The thoron gas concentration is thereby given by:

[Rn-220] = E3 C; - [Rn-222]

In addition, S(3) enabled continuous monitoring of (underground) radon

gas/thoron gas mixtures. Strictly speaking, the function S only permits the

monitoring of total gas levels, i.e., radon plus thoron, as the instrument

cannot by a single count differentiate radon gas from thoron gas. The same

applies to all other programs above. Thus S only provides approximate values

for radon gas concentration when the thoron gas contribution is not negligible.

The cycle for program (b) lasted 10 min. It therefore yielded 6 sets

of data per hour from which the thoron and radon gas concentrations can be

calculated.

Program (c) is essentially the same as program (b) except that it adds

an extra, very useful, feature, i.e., a 10 min background count centred at

10 min after gas sampling has been completed. This added feature permits a

more accurate calculation of the concentration of radon gas. Notice that the

contribution from thoron gas (Ti/2 = 54.5 sec) reduces considerably after the

10 min wait period (i.e., Bi(1) + B2(l) + B 3(D + BP(7)) from the end of S(2)

to the beginning of Bi,(10). The only contribution left is that due to

ThB (Ti/2 =• 10.6 hr). (The contribution of thoron daughters to radon gas
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measurements will be discussed when experimental results are presented.) The

complete cycle for program (c) lasts 22 min, enabling thereby 2.73 cycles/hr.

Programs (e) and (f) are extensions of programs (b) and (c) respectively,

and were mainly meant for faster gas monitoring than that provided by programs

(b) and (c), while still retaining the basic features of programs (a) and (b),

and (c) and (d). Program (e) permits 2 samples of gas to be taken e/ery

15 min (i.e., 2/15 = 0.133 samples/min or approximately 8 samples/hr) while

program (b) enables 1 sample every 10 min (i.e., 6 samples/hr). 6 measurements/

cycle are obtained with program (e) compared with 4 measurements/cycle for

program (b). Program (f) allows 7 measurements/cycle with 2 samples every

25 min (i.e., 4.8 samples/hr) while program (c) only allows approximately 2.7

samples/hr and 5 measurements/cycle.

The function F (i.e., flush) was not used in underground experiments. It

was felt thar this would only add to the complexity of the underground operation

providing little real advantage in return. It must be stressed that the only

purpose of the function F is to flush out the gas in the cell after a measurement

has been conducted. Although this will enable a true background (Bg) of the

cell to be obtained (i.e., counts due to cell wall contamination plus PMT

noise, etc.) before a new measurement is carried out, it will not get rid of

the contamination of the cell. This contamination is due to the attachment

to the walls of radon and thoron daughters present in the cell during background

(B) and sampling (S) measurements. Although only radon and thoron gas originally

enter the cell (dust particles and radioactive decay products being removed by

an adequate filter) their finite stay and/or transit time in the cell is

enough to allow their decay products to be formed in measurable quantities.

With a flow rate of about 1 L/min, such as that delivered by the Spectrex

pump model AS-150 (when loaded with fiberglass filter) used in the RDR-511
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and a cell volume of approximately 150 cc, the radon and thoron gas residence

time is about 0.15 min (9 sec) which is not small compared with the 54.5 sec

half-life of Rn-220. It is, however, negligible compared with the 3.82 days

half-life of Rn-222.

Owing to the geometry of the cell and gas flow characteristics 'stagnant'

areas in the cell may develop with gas residence times considerably longer

than the 9 sec calculated above. Hence, wall contamination due to the decay

products of Rn-222 in addition to those of Rn-220 may become appreciable.

The above situation is, of course, markedly worsened during B measurements

where radioactive gas remains in the cell for 1 min or 10 min according to

the function cycle programmed.

From the above it may be surmised that the cell contamination will depend

upon the particular function cycle chosen. It is expected that cell

contamination will more or less steadily increase until build-up of contamination

will be compensated by radioactive decay. Careful Bg measurements (i.e,

no gas sample in) before and after actual underground measurement and careful

study of B measurements foi." each cycle enables determination of cell wall

contamination. These and other matters will be dealt with In a separate

report where experimental results will be presented.

The duration of each digital cassette tape depended, of course, upon the

cycle chosen. For the programs used in our underground measurements the tapes

lasted an average of approximately 72 hr when the system recorded data from

three radon monitors.

4.2. Radon and Thoron Daughters

In addition to radon and thoron gas measurements, radon and thoron

daughters studies were also carried out. RaA, RaB, RaC and RaC1 were determined

by the Thomas-Tsivoglou method. The radon daughter working level, WL(Rn),
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was determined by the Kusnetz method, the Thomas-Tsivoglou method and by means

of an instant working level meter (IWLM) Model 811 manufactured by MDA.

ThB measurements were made after the radon daughter activity on the filter

reduced to negligible values, i.e., after about 5 - 1 7 hr. ThB measurements

permitted calculation of the thoron daughter WL, WL(Tn). The ratio of the

different radon daughters' concentrations, i.e., the state of disequilibrium,

enabled the 'age' of mine air to be determined. This was also possible from

a/3 activity measurements conducted with the (MDA) IWLM Model 811. The latter

instrument also allows an approximate calculation of the radon gas concentration.

Radon and thoron daughter measurements were made using conventional

radiation instrumentation such as the TriMet Model TM 372A, manufactured by

TriMet Instruments Ltd., and a Thyac III Model 490 with an a-scintillation

probe Model 489-60, manufactured by Victoreen Instruments, in conjunction

with an in-house-built sealer. The sampling pump used in these measurements

provided an approximate flow rate of 13 L/min when loaded with a 0.8 pm

Millipore filttr type AA.

4.3. Ventilation Variables

Barometric pressure was measured with a Baromec Barometer (800-1200

mbar range) manufactured by Negretti & Zambra (Aviation) Ltd. Air velocity was

determined with an Anemometer Model AM 5000 manufactured by Airflow Development

(Canada) Ltd. Relative humidity (RH) and temperature (T) were measured with

a conventional wick sling psychrometer.

4.4. Aerosol and Dust

Aerosol concentration in the submicron range from 1.5 x 10"3 to 0.13 um

was determined with a condensation nuclei counter Type CN manufactured by

Gardner Associates.

bust size measurements were carried out in the size range from
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approximately 1 ym to > 10 ym with an in-house horizontal size selector

(elutriator)., The total respirable dust (combustible and non-combustible

fractions) was determined with dust impactors (CAMPEDS) developed at the

Elliot Lake Laboratory.

5. UNDERGROUND ENVIRONMENTAL CONDITIONS

Underground environmental conditions varied greatly according to location

and mine operation. The following are the ranges for several variables

observed in the course of the experiments.

i) Temperature varied from 7.5 to 13.9°C.

ii) Relative humidity ranged from 36% to over 93%.

iii) Barometric pressure oscillated from 985 to 1027.6 mbar.

iv) Air velocity, averaged over a cross-sectional area, varied from a

minimum of 0.44 m/sec to a maximum of about 1.38 m/sec.

v) Aerosol concentration was in the range 2 x 10s to 4 x 105 particle/cc.

vi) The highest shift mean dust (respirable + combustible fractions)

load for the working areas under investigation was in the range

5-20 mg/m3. During blasting dust loads of up to about 5 g/m3 were

observed.

The above are the conditions under which the EDA continuous monitoring

system had to perform. The extreme operating conditions were, therefore:

7.5°C, > 93% (RH), 1027.6 mbar, 1.38 m/sec, 4 x 10s particle/cc

(1.5 x 10 3 to 0.15 vim) and 5 g/m3 (1 ym to > 10 ym).

6. EXPERIMENTAL RESULTS

Radiation, ventilation and dust measurements were conducted in a combined

effort by the radiation, ventilation and dust groups at Elliot Lake Laboratory.

The total number of measurements conducted in the underground tests were as
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follows:

i) Radon and thoron gas: about 27,000 measurements.

ii) WL d rived from the Kusnetz method, the Thomas-Tsivoglou method and

the MDA. IWLM Model 811; over 600 measurements,

iii) Complete sets of radon daughter measurements (i.e., RaA, RaB, RaC

and RaC1): 72.

iv) ThB measurements derived from the filters used for the determination

of the WL by the Kusnetz and the Thomas-Tsivoglou method: 228.

v) ThB measurements derived from dust measurements, in the 1 \xm to

> 10 um size range, by the horizontal size selector: 140.

vi) Dust measurements: over 400.

vii) Over 100 measurements of each of the following ventilation variables:

barometric pressure, air velocity, temperature and relative humidity.

The detailed analysis of the above data and their inter-relationships is,

however, beyond the scope of this report. The results of the underground

tests will appear shortly in a series of reports.

7. PERFORMANCE OF THE EDA CONTINUOUS MONITORING SYSTEM

The EDA continuous monitoring system performed very well under a variety

of mining operations and harsh environments. The radon monitors and central

unit withstood all the blasts that took place in the areas where gas

monitoring was carried out. It must be stressed that although the instruments

were never located directly in the blast's line of sight, but rather in small

wall insets or around corners, the strength of the shock waves developed by

the blast was considerable. In one particular case one radon monitor and the

central unit were located only about 70 meters from a major blast that broke

approximately 400 tons of rock. In order to better protect the not adequately

ruggedized control unJt, a wooden box lined with 3.7 cm styrofoam
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was built. The control unit was placed inside the box during the underground

tests. The box had a front and a back 'door' to enable setting up the

instrument and to allow signal cables and power cords from and to the control

unit to the radon monitors and power outlets. After programming the desired

function cycle the front door was closed. It was only open for periodic

checking of the instrument and to change the cassette tape.

The sampling pumps of the radon monitors performed adequately without

failure as far as can be ascertained. Fiberglass filters placed in front

of the pump's inlet were changed daily, except on weekends, to avoid undue

accumulation of dust that would have prevented proper pump operation.

Some minor difficulties, described below, were: noted during the under-

ground tests related to both the radon monitors and the central unit.

7.1. Radon Gas Monitors

a) After about 4 weeks of underground operations the metallic part of the

monitor's handle began to rust.

b) In the last day, and quite accidentally, it was noticed that after the

power supply (110 V) was switched off, while still having the instrument

po'-'er switch in the ON position, the sealer was triggered for an indefinite

period of time. This trouble developed in one radon monitor. After the

monitors were brought back to the laboratory extensive tests were conducted

en all of them in order to check the reliability of the AC -»• DC operation

(i.e., the instrument will automatically switch on battery operation when

the AC supply is cut off until the latter is again re-established)

and its effect on the sealer's timer. Out of the four monitors

tested two developed this undesirable feature and a dimming in the

intensity of the LED readout was also observed in one of these two

monitors. The above behaviour did not affect, however, the results
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of the underground test. No such problems arose during the laboratory

evaluation.

7.2. Central Control Unit

On two occasions the control unit did not initiate a cycle after being

programmed. However, exchanging the sequence in which the BP and S functions

were programmed eliminated the problem altogether. It is felt that this

behaviour must have been due to some spurious interference within or outside

the system.

In summary, and notwithstanding the minor difficulties encountered as

referred to above, the overall performance of the EDA radon gas continuous

monitoring system was q-iite satisfactory.

8. SUGGESTIONS FOR FURTHER IMPROVEMENT

In spite of the successful operation and the well proven versatility of

the EDA continuous monitoring system it has become apparent that the system

should be suitably modified (e.g., ruggedized) to better withstand the long-

term effects of the underground environment. Furthermore, a number of software

and hardware modifications should also be introduced to further expand its

capabilities in order to deal with more complex monitoring tasks. The

following are some .suggestions for the improvement and expansion of the system.

8.1. RDR-511 Remote Radon Gas Monitors

8.1.1. Case Modifications

a) Dust-proof and moisture-proof with a positive lid seal for operations

in a very dusty, high humidity, (up to 100% of relative humidity)

environment.

b) Shock-and vibration-proof with foam padding, and of sturdy construction

to withstand (i) shock and vibration arising in certain mining

operations (e.g., blasting), and (ii) severe handling under the
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rugged conditions underground.

c) Connections (pump gas inlet/outlet, power cord and interconnecting

signal cables) to and from the case should be water-proof.

d) Safety features are to be added to avoid accidental pulling of the

filter holder or unplugging of cables by accidental tripping, etc.

e) Materials that rust or corrode or are susceptible to chemical attack

in underground conditions are to be avoided.

f) The case should preferably have a well disguised, simple locking

mechanism to avoid tampering when the instrument is left unattended.

g) The components should be easily removable from the case for repair,

overhaul or inspection.

8.1.2. Additional Mechanical and Electronic Modifications

a) The monitors are to be equipped with a flowmeter (approximately

0.5-2 L/min) to check the pump flow-rate and the pump's performance.

A pilot light should indicate when the pump is running. A pump with

minimum flowrate (when loaded) of slightly over 1 L/min is necessary.

b) Provisions should be made so that each monitor can be battery-operated

for at least 24 hr of continuous operation by means of an external

rechargeable battery pack. This will enable operation of the instrument

in locations where the installation of power lines is either not

possible or feasible.

c) Each monitor should operate manually (i.e., no interconnecting signal

cables linking the monitor to the central unit, RDC-555) if so

desired. A two-position switch could be installed. In the OFF

position the monitor would operate in the usual manner (i.e., sampling/

counting only possible through the central unit). In the ON position

the monitor would enable radon gas to be counted while being sampled.

d) Units of length, say 100 meters, of interconnecting signal cable
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should be prepared that could be connected in an end-to-end series

fashion to make up cables of any desired length.

8.2. KDC-555 Radon Monitoring System Control Unit

8.2.1. Case Modifications

a) The general considerations outlined in Section 8.1.1. items (a), (b),

(c), (d) and (e) also apply to the control unit (i.e., RDC-555) and

need, therefore, not be repeated. The requirements for the control

unit are, however, more stringent than for the radon monitors as the

former is a far more delicate instrument chan the latter.

b) The control unit should be equipped with a metal lid (with a safety

locking mechanism) to cover the front of the instrument, i.e.,

cassette tape recorder, readout screen, control push buttons, etc.

8.2.2. Instrument Modifications

a) The cassette tape recorder should be provided with a mechanical

counter to check tape advance whenever data is being transferred

on the cassette tape.

b) The software should be slightly modified so that any partially used

cassette tape, i.e., tape with stored data, can be used at any time

withoiv. the need for the rewind/run operation, which overrides all

previously recorded data. In addition, redundant data stored on tape

should be minimized for ease of reading with cassette tape reader or

in order to get more 'readable' computer printouts.

c) Provisions should be made to enable data to be printed out by means

of a printer in addition to data being recorded on cassette tape.

A switch or push button in the ON position should enable simultaneous

operation of the cassette tape recorder and the printer while in the

OFF position it would only activate the cassette tape recorder as at

present.
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d) As for the case of the remote radon monitors It would be desirable

that the central control unit could be battery operated for at least

24 hr of continuous operation by means of an external rechargeable

battery pack (See section 8.1.2. (b)).

9. SUGGESTIONS FOR FURTHER EXPANSION OF THE EDA SYSTEM

The. underground tests conducted with the EDA radon gas continuous

monitoring system have provided a wealth of useful information pertaining to

radon and thoron gas levels in uranium mines. However, invaluable an aid as

the above system has proven to be, in its present state of development it still

falls short of providing an adequate understanding of the overall radiation

problem in uranium mines. Thus, the radon (and thoron) gas levels are not

only dependent on the mining operation, ore grade and the physical characteristics

of the rock strata (e.g., porosity to name but one variable), but they also

depend on meteorological variables such as barometric pressure,

and air flow. Thus for a given location and mining operation

radon (and thoron) gas measurements may mean little if information on the above

meteorological variables is not readily available. Moreover, radon (and

thoron) gas measurements per se. although quite relevant from the underground

ventilation standpoint, are of relative importance, their decay products being

in fact the more relevant radiation variables from the health hazard point

of view.

From the above one may surmise that a (relatively) complete underground

radiation picture can only be gained if radon and thoron gas and their decay

products as well as several pertinent meteorological variables are continuously

and simultaneously monitored so that their complex inter-relationships can be

adequately investigated.
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The Central Control Unit (RDC-555) of the EDA radon gas continuous

monitoring system has the potential, If properly expanded, to deal with all

the above variables providing adequate transducers (i.e., sensors) and their

associated signal processing peripherals are chosen. The suggestions made

below are partly aimed at further expanding the present capabilities of the

EDA system to enable the measurement in the near future of (a) meteorological

variables concurrently with radon and thoron gas levels; and (b) radon and

thoron decay products and their WL's concurrently with item (a) whenever an

adequate IWLM, that can be interfaced with the RDC-555, becomes available.

(The urgent need for a reliable IWLM providing radon and thoron daughter

levels, In addition to radon and thoron WL's cannot be sufficiently stressed.)

a) The operational capability of the control unit should be expanded to

enable interfacing and recording of environmental variables other

than, and in addition to, radon and thoron gas. Two sets of variables

are of interest which may be termed meteorological variables (e.g.,

barometric pressure, air velocity, temperature, relative humidity and

aerosol concentration) and radiation variables (RV) , e.g., radon and

thoron daughters and their WL's. Three different modes of operation

for the RDC-555 are envisaged. In the first mode, say mode I, the

control unit only gathers and records data from the radon monitors

(RDR-511). In the second mode, say mode II, the control unit gathers

and records data from the radon monitors and the meteorological sensors

(MS) used to determine the meteorological variables of interest.

In the third mode, say mode III, the control unit gathers and records

data from the radon monitors, the MS and the radiation sensors (RS),

e.g., continuous IWLM, used for the determination of the RV.

b) Due to the increase in the number of underground variables to be
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measured and recorded the data storage capacity of the control unit

should be accordingly expanded. This could be done by installing a

second cassette tape recorder and cassette tape and modifying the

software accordingly so that the second cassette will automatically

switch on whenever the first cassette tape has run out of data storage

capacity. Other, simpler, alternatives should, of course, also be

considered.

c) A data display push-button could be added to the present system to

enable:

i) Data pertaining to a given variable (e.g., Radon) from all the

remote stations to be displayed on the control unit screen as a

single block or line of data,

ii) All data from all the variables in each remote station to be

displayed on the control unit screen.

iii) Only one interconnecting signal cable is suggested to link each

complete remote station (i.e., radon monitor plus meteorological

sensors plus IWLM) to the control unit. The entire system should

operate satisfactorily without appreciable los«5 of signal strength

with lengths of interconnecting signal cables of at least

500 meters.

10. SUMMARY AND FINAL CONCLUSIOKS

The EDA radon gas continuous monitoring system has operated quite

successfully during the underground tests conducted by the Elliot Lake

Laboratory. The system will undoubtedly prove to be an invaluable aid to the

underground ventilation engineer, and other researchers, providing the system

ia adequately ruggedized to better withstand the long-term effects of the

harsh underground environment, and some additional modifications are introduced.
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Several modifications have also been suggested, mainly aimed at expanding

the present capabilities of the system to deal with much more complex tasks.

The above modifications are felt to be urgently needed if a better understanding

of the radiation problems and conditions in uranium mines is to be gained.

The capability expansion suggested in this report is based on the versatility,

flexibility and potential for further development of the EDA system central

control unit RDC-555.
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11. APPENDIX A - TECHNICAL SPECIFICATIONS

The data below have been supplied by the manufacturer.

11.1 Radon Remote Sensors (RDC-511)

Detection System: Lucas cell (V = 150-170 cc). Silver
activated ZnS phosphor (efficiency >
35%, sensitive area in excess of
1.4 x 101* mm2) with EMI 9824A PMT
(200 A/Lumen at 800-900 VDC, plateau
above 650 VDC).

Electronics; Low power C/MOS logic, five printed
circuit boards.

Display: 5 digit LED, may be activated without
interrupting control functions.

Power Requirements: 110V AC, 63 Hz, 1 Amp.
Standby Power, 2 Gel Cells.

Air Valve: 3-way Solenoid, operated by Control

Module.

Purga Gas: Nitrogen.

Sample Pump: Spectrex AS-150, 1.51/min.

Dimensions and Weight: 235 mm x 388 mm x 292 mm
12.7 kg with batteries.

Cable/Connectors: Alpha, with Bendix-type hermetically
sealed connectors.

Control Unit - Detector Separation: 300 m with later expansion capacity to
1,000 m.
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11.2. Central Control Unit (RDC-555)

Includes Panel Display and Command Module, Function, Cassette Recorder,

Clock and Machine Operations Modules.

Microprocessor:

Digital Clock;

Display:

Electronics:

Type:
Speed:
Data Transfer Rate:
Output:

Power:

Power Requirement:

Dimension and Weight:

Z i l o g Z80.

A MHz c r y s t a l , a ccu racy 0 .02%.

32 p o s i t i o n Alphanumer ic , 5 x 7 Dot
M a t r i x LED.

C/MOS l o g i c .

Radon level in counts per sample interval.

Magnetic Tape Cassette, MFE 250.
Variable, 2-120 IPS.
Up to 32 K bps ANSI/ECMA compatible.
BCD Code.
From Control Unit power supply.

110 V AC, 60 Hz, 2 Amps.

Approximately 480 mm x 220 mm x 410 mm
22.7 kg.


