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Radon Monitor RADIM 3A

Use:

The Radim3A instrument is used for monitoringldar radon concentration, temperature, humidity and
pressure.

Feat ures:

*  high sensitivity: (0.8 imp/h)/Bg/m, accuracy of radon measurement: (30+6), (300+3@)@+60).. Bg/m
continuous battery operation: 40 days

humidity, temperature and pressure measurement,

e an optimal form of the chamber and high electrétdfreducestheinfluence of humidity, the results are
corrected for humidity,

fast responseto a step change of radon concentration,

simple operationby means of 3 buttons or by PC computer (rematérab)

large memory: 16096 measurements can be stored in the memory

sampling time: adjusted from 10 minutes to 24 hours

Simple data reading: results are presented as counts or Bg/fine mean, maximum, minimum is
calculated in an adjustable time interval (R®IE program with graphics data presentatiorworks under
Windows. Simple data export to Excel.

Instruction Manual
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1.0 - Use of the Instrument

The Radim3A instrument is

developed for monitgrimdoor radon concentration,

temperature, humidity and pressure.

2.0 - Design of the Instrument

The RadimA monitor is supplied as a complete waihsisting of the following components:
- the RadimA instrument with an instruction mah

- the program for storing and processing data in PC,

- the cable, the line adapter and the transport box.

3.0 - Technical Parameters

Measured quantity:
Functioning principle:

Instrument response:
Minimum concentration:

Maximum concentration:

Sampling time:
Effect of humidity:

Electronics:
Power:

Current:
Operation time:

Memory:
Thermometer:
Manometer:
Hygrometer:
Display:

Communication:
Control:

Dimensions and Weight:

Climatic conditions:
Calibration:

air radon concentration
the radon diffuses into the chamber, coveredeltty The felt
absorbs the air-borne radon decay products. Thenra
activity is determined by measuring theactivity of *%Po
(RaA), collected by the electric field on the sodaof the
semiconductor detector.

(0.8 counts/h)/(Bg/f

activity determined with a statistical errequal to + 20%:
30 Bg/m3 for 1- hour measurement

150 kBg/mfor 1-hour measurement
adjustable from 10 minutes to 24 hours
the change in the relative humidity from 588690%
decreases the sensitivity for —6.5%. The resulte ar
automatically corrected for the effect of humidity

low power, protection of data
battery powered- 6 NiMH batteries with capacitydd Ah
4mA during measurement, fA during stand up
40 days from the battery, from main: limited byrtiemory
capacity
a maximum of 16096 measurements i.e. results 0f 8a&ys
monitoring can be stored in memory when 1- hourpdizug
time is adjusted.
precision of+0.5 C
range 750 az 1150 hPa, reading differentiationhdPl
precisiont3hPa, temperature coefficien.1hPaIC
range 10 az 95%, precisiat3%, the computer determines
the absolute humidity (g/fn

LCD, 2x 16-characters,
RS232 standard port

3 buttons, Go,—, remote control by PC
230 x 170 x 90 mm, cca 2.5 kg
temperature 5 to 40°Crelative humidity 10-95%

carried out by manufacturer and attesby The State
Metrological Institute of the Czech Republic



4.0 - Description of the Monitor

The Radim3A was developed for monitoring indoor radon concentration with very
high sensitivity. The Radim3A is the last modeRadim- type monitors. The development of
the monitors started in 1996 and now the monitoniebs  unique properties — more
information can be found in the paper: Plch, Burititek, VoSahlik: “Unexpected properties
of Radim- type monitors”. Paper was presentedhéndonference “ Protection against radon
at home and at work®, Prague , 28June — 3July, 2004

Concept of the detection part:

The radon concentration is determined by meaguhe o-activity of the radon decay
product“*®o (RaA), which is collected by the electreld on the surface of the
semiconductor detector from the chamber of theafien system. Half of the spherical
chamber is formed by a grid covered with the fElte felt prevents the entrance of air-borne
radon decay products (hereafter dpRn) and pothe detector against dust and light.
Because most of the dpRn are positively chardedyéssel is connected to the positive pole
of a high-voltage supply and the surface of theisenductor electrode is connected to the
negative pole. The positively charged dpRn aeutnalized by water vapor and other
admixtures. It is preferable to employ the highess$sible voltage to decrease the effect of
humidity. The instrument uses a stabilizedtagd power supply of 2500 V which is
controlled by the internal computer. High semsyt of the instrument and a decrease in
the dependence on the humidity can be achieved whin the detection vessel does not
contain any areas with low electric field intéypsnd all the electric lines of force end on
the surface of the semiconductor detector. Thember was designed by computer
modeling to optimize the chamber shape and a swdy made of the electric field
distribution in the vicinity of the detector. Theean distance between the detector and the
chamber is about 6 cm and the chamber volume i8 D.&xperiments confirmed the
theoretical assumptions that the instrument sertgitis enormous even for such a small
volume and that the effect of humidity is verwlosee Chapter 5.0.

Description of the electronic design of the monitor
A block diagram is given in the following figure:
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The signal from the semiconductor detectortrisated by a charge-sensitive low-noise
preamplifier and is amplified in a two-stagfeping amplifier. The output impulse is
fed from the amplifier to a single-channelamplitude impulse analyzer,
discriminating noise and selecting from the amplt spectra those impulses that are
formed by decay of RaA. The width and positioithe window around the "RaA-peaks"
was optimized to register practically all idheparticles formed in the decay of RaA
(the particle energy is 6 MeV, the window arouné RaA peak is adjusted from 3.2 MeV to
6.3 MeV) and so that the contribution of thgparticles from the "RaC™ peak (energy of 7.6
MeV) is minimal. This contribution is formed byrsjpding the RaC' peak out to the low-
energy area, its contribution equals about 3% wWReA is in radioactive equilibrium with
RaC'.

The design for the digital part and analogue patihe monitor was greatly affected by
the requirement of maximum decrease of currentwopsion: the microprocessor works in a
special regime, the supply of analogue part andsdifce is off, when the monitor does not
measure, LCD is usually blind and can be activatedushing two buttons etc..
The NIMH - battery with capacity of 4.5Ah is usedthe instrument. The battery can be
charged by the internal charger and the external ldapter. When the adapter is connected
to the monitor the battery is charged continuotslgompensate mean current consumption.

The analogue part of the electronics containing pheamplifier, amplifier, single-
channel analyzer, 1.7kV supply, +5 and -5V sourtte &d the accumulator charger is
located on a board in the lower part of the inseommThe chamber of the detector is screwed
to a tube that acts as a shielded preamplifierish drotecting the chamber is fixed to the
upper part of the instrument box. Radon diffusés the chamber through a space between
the box and dish. A'microcomputer with displagd aontrol elements is placed on a board
which is under the front panel.



5.0-Tests of physical parameters of the instrument

5.1 - Experiments related to the dependence of tlsensitivity on the high voltage.

From the standpoint of the design for a low-powstrument, it was necessary to determine
the minimal high voltage (hereinafter HV) appliedthe chamber body, which is sufficient
for collecting all free RaA species at a high neathumidity. Consequently, the following
experiment was carried out: Two Radim3 instrumevise placed in an aquarium together
with a dish of water and a radon source- the reahumidity was near 90%. The high voltage
was stable for one Radim3, equal to 2000 V; themtiea of the other Radinm3 was
connected to an external HV source, which was addngs the radon concentration changed,
the results of measurements using the two instrtsne@are compared. The results are given
in Fig. 2. It follows from the results that HV (wamng voltage of Radim3) equal to 1 700V is
sufficient with a large reserve.

Fig.2 -Dependence of sensitivity on HV
(Deffierence between Radim3 with fixed HV= 2000V and Radim3 with variable HV)
Relative humidity=89-93%
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5.2 - Relationship between the number of impulsesid the radon concentration

For correct interpretation of the results measureds useful to clarify the relationship
between the measured counting rate of imputsesnd the radon concentratian This
relationship will be derived for the hypotheticalse where the activity of radon and its
decay products in the detection system is equa¢to. At time t equal to O, the high voltage
is turned on and the instrument is brought intpace with radon concentrati@ Radon
diffuses into the detection chamber and decaygetd its decay products. As the monitor
detects onlyx-particles and selects those impulses formed bgayl of RaA, whewre the
activity of RaA is of interest (the half-time oflecay is equal to 3 minutes, RaA is
practically in equilibrium with radon after abouth@lf-times, i.e after about 20 minutes).
Thus, the increase in the overall activity depakion the surface of the detector is
dependent on the rate of diffusion of radon inte ¢thamber and the rate of formation of
RaA through decay of radon. Neglecting the diffagisee below) the increase in the counting
rate of impulses can N be described by the eguati

n ng (1-exp(— At))dt 1)



where is equal to 0.23 mih (A is equal to In2/T, where Tz is the half-time of RaA) and
ns is equal to the saturated counting rate of impuldaventy minutes after the sudden
increase in activity, term (1-exp4)) is equal to 0.99. If the monitor is placed isgace with
activity a at time 0 and the number of impulses N is measoved time T, then the number of
impulses can be calculated as

N= 15 (- expl a0t @)

and, following integration,

N = Ng [T +%(exp(— AT —1))) 3)

After attaining equilibrium, the exponential terminq.(3) can be neglected and the total
number of impulses is then equal to

1
N = nS[T —Ij (4)

where 11 is equal to 4.34 minutes - thus this initial "grbivtperiod must be subtracted from
the total measuring time. It should be added th& description is only approximate.
Nonetheless, it is completely satisfactory for lotegm measurements.

The relationship between the equilibrium countingate of impulses /1 and the radon

concentration a can be expressed as follows:

Ng = aVe,nges (5)

where a is the radon concentration (Bg/in
V is the volume of the chamber’(m
g4 Is the detection efficiency (counts/s/Bq),

n is the probability of formation of positively atgeed dpRn,
gs Is the efficiency of the collection of dpFon the detector

It follows from the principle that the detiect efficiency is practically equal to 50% and
it is stated in the literature that about 87% oRdps positively charged. The volume V is
equal to 0.83 | for our instrument. The efficienal collection of dpRn is an unknown
quantity. From the results of the measured respowse can estimate the efficiency of
collection to be 0.7.

Experiments related to radon transport into the déection chamber

When relatively thick felt was used (thickness appr®d mm) to cover the chamber, the
diffusion of the radon through the cover can beejprolonged. Consequently, the following
experiment was carried out: reference Radim3 Nofé&Bdover, sampling time 30 minutes)
and Radim3 No. 94 (sampling time 5 minutes anddeiter) were placed in the barrel. The



measurement was started synchronously in both mstnts at low radon concentrations.
Radon was injected into the barrel exactly 30 miswatieer starting the measurement and the
growth curve was measured. The accuracy of the measumt was checked on the basis of
the ratio of the equilibrium radon concentratiotues measured using the Radim3 No0.93 and
No0.94 instruments. For Radim3 No0.94 (five-minute si@mgp, the ratio of the number of
impulses to the average value of the saturated eaunfimpulses was calculated. The results
are depicted in Fig. 3 together with the theorétieaues. The theoretical values were
calculated as follows: Equation (2) is integratezhfrtime T1 to time T2 (T1 and T2 are the
times from filling the barrel - i.e. sudden congatibn changes), yielding the relationship for
the measured number of impulses:

N=n{(T2-T1) + 1A (exp (AT2) — exp(AT1)) }
The saturated number of impulses is equak{oli2- T1) and then the ratio can be calculated
from this equation.
Result: as follows from Fig. 3, the experimental curveaslly "delayed" and the diffusion
delay equals approx. 2 minutes.

Fig.3- The growth curve and the estimation of diffusin time
Radim3 No.93 with felt cover
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5.3 - The humidity dependence of the response of 82 and Radim3 monitor

Compared to competitive instruments, the Radim2Radim3 instruments exhibit very low
humidity dependence, which is linear in a broad eaviyelative humidities (hereinafter RH).
The humidity dependence was determined repeatedihdynanufacturer, several times at
The Authorised Metrological Center of Czech Repul{lAMC), at National Radiation
Protection Institute - Prague (hereinafter NRPI) andhe laboratory of the University in
Gent. It was found that humidity dependence is lod larear when the chamber is filled by
diffusion and the cover if the chamber is an optimae ( quit different dependence was
found when the chamber is filled by the pump).



The measurement of the humidity dependence foatedeseveral times in 2003 with Radim3
( the monitor has an optimal covering of the dedecthamber). Fig.4 depicts the typical
result of one measurement. Thus the average véltree slope of the dependence on RH for
Radim3 instruments 0.0017 + 0.0007and the average value of the slope of the depeerdenc
on AH for instrument R3 No. 93 is: 0.0061 + 0.002. When the relative humidity chayes
from 50% to 90% the response decreases for - 6.5¥the results of Radim3 measurement
are automatically corrected for humidity)

Fig.4 -The dependence of the response on relative humidity
(experiment in 2003, the response determined by AlphaGuard)
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5.4 - Decrease in sensitivity caused by VOC.

Posterdorfer [2] and other authors state thatemmed neutralisation 6f°Po" ions occurs
through the effect of admixtures that have a loweaisation potential than PeCequal to
10.44 eV (Chu and Hopke[5]) -Po does not exist inftee form, but forms an oxide with
atmospheric oxygen. The work of Busigin [4] give® tturve of the dependence of the
collection efficiency on the concentrations of eais admixtures. The "worst" admixtures
seem to be ethylene and NQonisation potential 9.74 eV). Hopke [1] pointedt dhat an
increase in the concentrations of N@nd VOC above 100 ppb can cause a significant
decrease in the efficiency of equipment based deatmn of Po ions.

Consequently, we havearried out experiments in 2003to determine the effect of VOC.
The Radim2P-REF, Radim3 No0.93, N0.94 and No0.95 ( Blb& closed chamber, filled by a
pump) instruments were employed in the experimélrab. 1 summarizes the results of the
relative decrease in the measured radon concemtrati the individual experiments with
injection of VOC. A similar procedure was employed ifgection of benzene, which has a
very low ionisation potential of 9.24 eV.



Tab. 1 - The effect of VOC

Experiment Injected Instrument Decrease (%) Note
ACETONE1 0.5 gliquid R3 N0.93 -49+1.2) Enormous
R3 No. 94 -(69+2.2) concentration
ACETONE?2 100ppm —gas R3 N0.93 -( 5.5 £2.6)
R3 No. 94 -(5.7 £2.2)
ACETONES3 100ppm —gas R2PF-REF -(0.3 £2.6)
R3N0.95 -(0.6 £3.1)
(closed chamber)
ACETONE4 500ppm —gas R3 N0.93 -(4.7 £2.1)
R3No0.95(closed) -{9.1+£3.5)
ACETONES 500ppm —gas R2PF-REF -(2.6 £1.4)
R3 No. 94 -(1.543.1)
Acetic Acidl 50ppm- gas R3 N0.93 - 3.0 Temporary change
R3No0.95(closed) 0 Temporary change
Acetic Acidl 500ppm- gas R3 N0.93 -(2.8+2.1)
R3No0.95(closed) -(1.7 +4.4)
Benzenel 100 ppm- gas R3 N0.93 -(5.4 £1.3)
R3No0.95(closed) -9+ 4)
Benzene 2 100 ppm- gas R2PF-REF 0+15
R3 No. 94 0+1.8

In the experiments denoted asribke', smoke from about 1/2 cigarette was injected thi®
closed 100 | barrel, where the instruments werertede- i.e. there was a very high
concentration in the barrel (according to the auth@ smoker, the smoke from two cigarettes
creates a aerosol concentration in a room withlame of approx. 75 fthat increases factor
F (EER/RC) from 0.2 to 0.6 - i.e. the aerosol covicion in the room must be about 200 000
particles/crm). The concentration in the barrel must thus be 80800 times higher. The
results of the "smoke experiment are given in Tab.2

Tab.2- Effect of smoke

Experiment Injected Instrument Decrease (%)
SMOKE 1 Smoke from hal R3 N0.93 -(17 £6.7)
of cigarette R3No0.95(closed) +( 18 +3)
SMOKE 2 Smoke from hall R2PF-REF -(12.7 £4.0)
of cigarette
SMOKE 3 Smoke from hal R3 N0.93 -(24.3 £10)
of cigarette R3 N0.94 -(7.85.7)
R3No0.95(closed) +( 19.9 +5.8)
SMOKE 4 Smoke from hal R3 N0.93 (felt) | -( 9.8 £3.2)
of cigarette R3 No0.94(cloth) | +( 3.9 £2.4)
R3No0.95(closed) -( 5.2 £2.2)
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5.5 - Dependence of the response on F ( aerosol cemtration)
The high voltage (further HV) connected to the déecthamber was adjusted to 1.7 kV in
order to work Radim3 on counting plateau. Theedelency of counting rate on HV was
measured when equilibrium factor F was near 0.4.ithahlly was found that when F-
factor is low- low concentration of aerosols thepmasse of monitor is lower and dependency
on relative humidity ( further RH) is higher. Phyadiceason of this changes was not
explained.
The HV was increased from 1.7 kV to 2.5 kV. e function of Radim3A was checked in
the radon chamber of National Radiation Protectiastitute ( SURO, Prague). The radon
chamber is very well equipped and F- factor cantmnged from less then 0.1 to 0.99 and
RH from 10 to 95%. As the reference instrumentssduAlphaGuard (further AG) which is
linked to PTB, Germany and NRPB, Emgland. The F-ofaeind f was determined by the
monitor Fritrad4, which measures radon concentrateamcentration of all components of
radon daughters.
Results:
a. Conditions: F9.4+ 0.14, RH = near 30%Result: ratio of Radim3/AG= 0.92 + 0.05.
b. Conditions: F.2+ 0.03, RH = from 30 to 75%.

Result: ratio of Radim3/AG= 0.92 + 0.05.
c. Conditions: F9.7+ 0.06, RH = from 30% to 85%.

Result: ratio of Radim3/AG= 0.92 + 0.05.
d. Conditions: F9.24+ 0.03, RH = near 53%.

Result: ratio of Radim3/AG= 0.92 + 0.05.
Conclusion:
- increase of HV from 1.7 to 2.5 kV solved the probla of influence of F- factor to

Radim3A response,
the correction for RH works satisfactory.

5.6 - Dependence of the response on radon concerttiba

Porstendérfer [2] determined the rate of neutrilisaof positively charged*®Po ions in the
room on the ionisation rate, caused mainly by raalwhits decay products and stated that the
occurrence of charged ions decreases rapidly witreasing ionisation rate - the
concentration of positively charged ions decreasels3% when radon concentration is 3000
Bqg/nT. It should beemphasised that these results are related to the marence of ***Po
ions in the room; these ions are not collected bynaelectric field. Nonetheless, the
following should be pointed out:

The Radim monitors are usually calibrated by thenunfecturer at radon concentration of
approx. 10 kBg/mhand are then tested at concentration from 50 ® B@/nt. At AMC,
monitors are routinely monitored at radon conceismabetween 1000 and 3000 Bd/m
however, in type tests, monitors have also beeedest concentration of about 50 kBg/m
Testing of Radim3 at BFS-Berlin was carried outhat levels: 1354, 9357 and 4217 Bd/m
The Radim3/BFS ratio was (0.90 + 0.07), 0.95 + Q.08P0 + 0.08).

Conclusion:

no dependence of the monitor response on radon amntration was never observed.

References to the Chapter 5:

(1) Hopke,Philip K., Use of electrostatic collection of >®Po for measuring of Rn, Health
Physics 57:39-42 (1989)

(2) Porstendorfer J., Dankelmann V., PagelkopfNeutralisation processes and the fraction
of the #®Po- ionsin air, Third Eurosymposium on Protection against Radl@ge 2001,
65-68 ( 2001)
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(3) Howard A.J., Johnson B.K. , Strange W.R.high- sensitivity detection system for radon
inair. Nuclear Instruments and Methods in Physics Rebe®283,589-595 (1990)

(4) Busign A. Antoon W.,Voore, Babcock C. Philips C.Re nature of unattached RaA
(**®po) Particles, Health Physics,40, 333-343 (1981)

(5) Chu, K.D., Hopke P.KNeutralisation kinetics for polonium-218. Environ. Science and
Technology 22, 711-717 (1988)

6.0- Calibration and humidity dependence of the intsument response:

The purpose of calibration is to find a relasbip between the saturated counting rate of
impulses and the radon concentration. The edldom is carried out by the manufacturer
using his own means (usually by relation to a refegeRadium 2P instrument, which were
attested in AMC many times) and the accuracy ofcdidration is then verified in the AMC
of the Czech Republic. Verification is carried oytdmmparing the results of measurement of
radon concentrations provided by the Radim instnina@d a reference instrument - using a
secondary ATMOS standard or by some other meandteamlthe value of the calibration
factor CAL is adjusted so that the tested instrunyslds the same results as ATMOS. The
radon concentratiom is calculated from the measured number of impuNessing the
relationships:

N-B
T*K
where N is the number of impulses,
B is the number of impulses of the backgroundaloedated to time T,
T is the length of the measurement
CAL is calibration factor
The following expression is used to calculate fakto
k =1- (@*AH b *AH?) (8)
Where AH is the absolute humidity and coefficieatand b describe the dependence of the
response on the absolute humidity. The absoluteidityngiven in g/ni. The absolute
humidity is determined from the relative humidityfallows:

a= CAL (Bg/Mh (7)

AH = RH /100% F(t) (9)
Where the relative humidity is given in % and sa¢urated vapour concentration is given in
g/nt. The concentration is dependent on the temperatusmd is described by the
relationship:

F(t)= 5355+ 0.1489+t + 0.0227x t* (10)

12



7.0- Operation of the Instrument.

7.1- General Principles of Operation, Measurementrad Depiction on Display.

The instrument is controlled by an efficient mig@mputer. The software was designed so
that the program offers a number of variants frohiclv the operator makes a choice- i.e. the
operator need not remember a set of commands mr through the manual. It is only
necessary to have a rough idea of the types ofatipas carried out by the selected service-
item of the Menu. The operator must also learnrtianer in which measuring results are
stored and displayed.

Measurement:

To start or stop measurement the sub- serSice or Stop in main serviceMeas should be
selected- no advanced programming of experimemasied.

The memory and manner of storing the results:

The instrument has the memory wh&&©96results — recordings - can be stored. The names
of the items in the Menu, the sub-services and tthescription are written in English. The
program offers statistical processing of the rasulie. calculation of the mean and the
standard deviation of the set of results. Theo$egsults is stored in llock, whose number
the program finds automatically when the measureérsents. The block is defined by the
time of start and stop. The time of start, tempers humidity and pressure is stored in the
memory for each recording ( record thereinaftdnthe memory can be storé@8 blocks-
experiments. Data can statistically processed either frombadl block or from selected time
interval- ROI.

Concept of Operation and Depiction on the Display:

The conception of the software was based on thehat an intelligent alpha- numerical LCD
display was used with 2 lines of 16 characters eatuh the instrument is controlled by 3
buttons. The buttons are labelled as:

1 1 [

<« GO —

In choice of items offered in tHeottom line of the display, the operator moves to theft
using button “—" and to theright using button “—”, the selected action is confirmed using
the Go button.

Text on the display:

The upper line of the display depicts the requirddrmation, a maximum 16 characters. The
lower line is for choice, where the selected iteandenoted on the display by enclosing
between two arrows ( in this description this v denoted as > < and will be termed the
cursor). The button Go switches the regime, denmiélde upper line.

Movement Regime:

Using thebuttons< and — the position of the cursor is moved. After push@®@ the
movement regime changes to the action regime.

Action Regime:

Action depends on the symbol denoted by the cursor:

If the cursor selects the symbadf { the first symbol in the bottom line ) the teottanges to
Yes > < No and the button Go finishes the sesting

If the cursor selects the symbol “?” the text chestgp MAX > < MIN and the buttons-
and — shows maximal and minimal value,

If the cursor selects the number the text changéN€ > < DEC and the buttors and —
Increments/ decrements the number.
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Switching ON/OFF the instrument:

The instrument has no mechanical switch ON/OFFy etéctronic one. The instrument is
switchedON by synchronous pushing the buttons— and — . The instrument is switched
OFF automatically if radon is not measured, the regime of displagdgisted to automatic
switch Off ( see later) and no adapter and no &fleds connected.

Switching OFF the display:

In order to reduce the power andpimtect the monitor against children a non- qualifed
person “playing” the display can be adjusted to automatic switghiff - see Chap.7.2. The
display is activated again after synchronous pusthie buttons<— and —.

After turning the instrument on, the maenu appears on the display - see picture below.
The frame on the picture represents the display theddisplayed text, the text which is
outside the frame denotes the hidden items, whachbe displayed when the cursor is moved
to the right or to the left (the items can be rewed cyclic manner).

The items on the main Menu:

Action label f

Main Menu:

As the description of the services can not be desdras complete text on the LCD display
with 16 characters, the main Menu consists of Bistewhere abbreviations denote items of
Menu, indicated in the following figure, where tivst steps of the services are also depicted.

Menu: Syster
/X Del >Sys< Env VPar Rdn Res

Del Sys Env Par Rdn Res

Ret Bcg Sti Bat | Fre Run Inf Re ROI Blk Sta Vue Bql

Dsp Tst LCD Clk CIr Ide Ret /

Ret Prs Tmp RHu AHu

When items of the Menu are selected, the textherupper line of the display also changes,

indicating the function of the item - services.

List of services:

Abbreviation Explanatory text Functon:

Sys System Adjusting the contrast of the LCD display,
clock, memory clearing, choice of the display
control, production number

Env Environment Reading of temperature, humidity, pressure

Par Parameters Background setting, adjustment of sampling
interval, battery capacity

Rdn Radon Meas. Automatic measurement of radon, calculation
of radon concentration, storing the result in the
memory

Res ResultsRead results reading

Del LastMeasDel deleting of the last block
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7.2-SubMenu Sys- Display On/Off, Test, LCD contrastclock and memory clearing.

Selecting Sys- service on the bottom line of tiepldly and pressing GO button, the following
text appears on the display:

LCD Contrast Set

Dsp > LCD< Tst
P p g, A Clk CIr Ide Ret
Contrast Tes

Productior

of LCD
number

display

Clock
settings

7.2.1- Display On/Off- service Dsp
After selection of Dsp in the service Sys displ@picts:

Display: Fixed On
Ret > Dsp< LCD

And the display is On constantly. In order to resltlte power angrotect the monitor
against children a non- qualified person “playing”’push theGo againand the display
changes to:

Display: Auto off
) ) Ret > Dsp< LCD ] _
and if no button is pushed Wrermrr=—rrmrore—re—aroply SWitches Off automatically. The

display can be activated again by synchronoukipgghe buttons— and —.

7.2.2- Test of the monitor by internal generator- asrvice Tst.

After beginning this operation, impulses with ara@ frequency and amplitude are brought
to the input of the preamplifier to test the cotness of the position of the analyzer window
around the RaA peak and the functioning of twealog and digital parts of the
electronics. The impulses are counted and thetrissabmpared with the value stored in the
computer memory. This operation can be begun nvthe background or radon are not
being measured. If it is begun during thesesuesments, the display announces an error.
Selecting the Tst- service the display depicts:

Action label

Measuremen
Information

Start of Test
T Inf >Run< Res Re

Test start Reading of the test result ) Return intc
main Ment

Measurement and evaluation of the test:

The Run- item must be selected in the Test- seauckthe procedure starts after pressing the
Go button. The “Action symbol” changes to T. Wh&i appears on the display the
impulses are counted and it is not suitable tecs&ny another service- only service Info.
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If you want follow the running measurement selafb - service and the display depicts:

Running Number of
time: counted Stopof
dd:hh:mm impulses measureme
nt
XXXXXX L YYYYY
T Rem >Ela< Be End.Stp
Action label . i
Elapsec Time of the start \‘ Time of the
time enc

Remaining
time

The servicdnfo has the identical form when radon or background is measured The
measurement can be stopped uSihgr service.

Note:

when the operation Test (measurement of radorackdgvound) starts the “Running time”
and counter does not changes for 20s. This dslayeéded as analog part of Radim3A is
supplied by voltage when measurement is going aohlying another operations this part is
switched off and so the needed power is reducethkiés about 15s to adjust the stable
condition in the amplifier.

Depiction of the result of the test:

The result of the POSITIVE test is depicted afedection ofRes service as:

Dev. Test OK:100%
Run >Res< Ret

and the ratio of counted impulses to nominal numbieen in %, is depicted in the upper line
of the display.

If the counted number of impulsbffers from the nominal number hbyore than 5% the
notice “Dev. Test Failed appears on the upper row of the display. In daise it is strongly
recommended that the producer be contacted anththastrument not be used

7.2.3-Contrast adjustment of LCD- service LCD:
When the cursor is set to the item LCD and Go-adouis pushed the display depicts:

Contrast setting
Ret >Inc< Dec

when the cursor is set to Inc-item it is possibléncrease the LCD contrast by pressing GO.
The Dec- item decreases the contrast.
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7.2.4-Clock settings- service Clk
When the cursor is set to the item Clk and Go-douig pushed the display depicts ( fiction
date and time is shown in this text):

\/

21030 10:02:3¢
Ret >Set< Ret

Date
ddmmri

When the item Set is selected the display charges t

21030 10:02:3¢
— >G0< —

Using the button<— or — the desired number, which should be changedpeathosen
(here is blinking line below the selected numbdie program offers the possibility to
change number by Inc or Dec and pushing of Go huffbe program checks if the adjusted
date and time is ,sensible”. All procedure of &metting is finished when cursor is placed
on the Action symbol: ,!“ and by confirmation bye¥.

7.2.5-Memory clearing- service Clr:
When the cursor is set to the item CIr and Go-douig pushed the display depicts

Are You sure
No >No< Yes

7.2.6- Reading of the production number- service ket

The production number of the each instrument isestan the memory by the manufacturer
(the storing procedure is available for the pradfumnly) and the user of the instrument can
read the number using Ide- service.

7.3-SubMenu Par- Background, sampling time and baéry capacity.
By selecting Par- service on the bottom line ofdisplay and pressing GO button, the
following text appears on the display:

Background
Ret >Bcg< Sti
Return intc N )
the main Background Adjustment Reading of the.
Menu of the residual capacity of
sampling the battery
time
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7.3.1- Background determination- service Bcg:

All types of radon monitors are contaminated afterg- time measurement of high radon
concentration- see Chapter 8.1. The service Bcgemglossible to measure background.
When background is measured the HV is Off and theity, which was deposited on the
surface of semiconductor detector is determined.

By selecting Bcg- service on the bottom line of dieplay and pressing GO button, the
following text appears on the display:

The last used valt
of background

Backgr/30 min: XXX

B Run >Set< Ret
L~ N ~.

Action label Measurement Backgrounc
setting

Background measurement:

Using the service Par, the 3 hours or longer sampime should be adjusted. As the
monitor is slightly sensitive to radon, it is recownded to place monitor into a space with
very low radon concentration i.e. outside of hoasd to start background measurement at
least 5 hours after last radon monitoring ( onetmuet for complete decay of RaC"). The
measurement starts after selection of the iBum and confirmation by Go. After start the
Action label changes to “ B”. If you want followelrunning measurement select Info-service,
see Chapter 7.2.2

Background setting:

If the results of multiple measurements of the lgacknd is known or we know a trend of
background changing it is possible to set the valuthe background manually. The number
of background counts /30 minute can be writtethigyprocedure for entering of numbers.
The procedure is very similar to the clock settirgenly difference is that the procedure
shows the last entered number ( for instant 5):

Label of Permitted rang The last store
confirmation of numbers numbe

1? Val : 00005
— >G0< —

Using the button— or — the desired number, which should be changedpeathosen
(there is blinking line below the selected numbde program offers the possibility to
change number by Inc or Dec and pushing of Go-hufiee program checks if the adjusted
number is within the given limits. All proceduré setting is finished when cursor is placed
on the Action symbol: ,!“and confirmation by Yes.
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7.3.2 — Determination of Length of the Sampling Irgrval- service Sti

Choice of the length of the measuring interval:
The length of the measuring interval is selecteith wespect to the expected level of radon
concentration and required statistical errorhefineasurement. The following table gives the
relative measuring error, expressed in percent:

Tab.4- The statistical errors, given in %, forf@iént radon concentration and
sampling time T

?BA? ) 20 50 100 500 10000  200( 5000 100p0 50000
g/m

T=0.5h ] 20 10 7 5 3.2 2.2 1.6
T=1.0h 20 16 7 5 3.2 2.2 1.6 1.1
T=20h 16 7 5 3.2 2.2 1.6 1.1 0.8

From this table follows that the length of 0.5 hegems to be optimal, with acceptable
statistical error even for very low concentratioasly for concentration below 100 Bofiihe
sampling time should be prolonged.

The length of the sampling time can be adjustech i@ minutes to 24 hours.

Note: when sampling time is shorter than 30 minutesséen radon concentration may be
not correct, as the counting rate is not in anldguim with radon concentration. Therefore
the shorter sampling time should be used whentapfasess is studied and relative values
are important.

Sampling time setting:
When the item Sti is selected the display changes t

1? STime : 00:30:00
— >GO0< —

Using the button— or — the desired number, which should be changedpeathosen
(there is blinking line below the selected numbde program offers the possibility to
change number by Inc or Dec and pushing of Go-huftdhe program checks if the adjusted
number is within the given limits. All proceduré setting is finished when cursor is placed
on the Action symbol: ,'“and confirmation by Y.es

7.3.3- Reading of residual capacity of the batteryservice Bat

The NiMH battery of 4.5Ah are used in the instruménis useful to know residual capacity

of battery to estimate corresponding operatiomaétiThe capacity is estimated from voltage
and discharging curve of the battery . The serBiaeshows the residual capacity in % and so
we are able to estimate operational time, knowhag pperational time when the battery is
totally charged .

Selecting Bat- service and pushing Go the disp&pials for instant:

Bat: 7.327V = 20%
-Sti  >Bat< Ret
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Long term measurement:

If the planned experiment is longer than estimaipdrational time the adapter must be
connected to the instrument and then the battdhpeicharged- see below.

Charging: connectthe adapter to the instrument- the battery willcharged automatically
to reach 100% capacity and then switches to thekléd charging process, which
compensates the mean power take-off. The totadlghdirged battery will be charged in about
12 hours (the internal charger gives 0.45A). Therument controls the charging process -
there is no need to “watch” charging.

When internal charger is On the LED, placed im pamel, is lighting.

7.4 - SubMenu Rdn- Automatic radon measurement andtorage of the results.

By selecting Rdn- service on the bottom line ofdigplay and pressing GO button, the
following text appears on the display:

Radon Meas Start

R Fre > Run< Inf Ret
N N
Action Number of Start of Measuremer Return to mair
labe rec_ords, measure- information Menu
which can be ment

stored in the
memory

Before starting the measurement, the manufactaoemnmend that the following be
controlled:

- battery capacity ( see Par- service),

- the length of sampling time ( see Par- service),

- the background value ( see Par- service),

- check the number of records, which can be storéldeirmemory — service Fre in Meas.

The measurement starts after selection ofRbha service and confirmation by Go. After
start the Action label changes to “R”. If you waatfollow the running measurement select
Info-service, which depicts:
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Info- service:

Running Number of
time: counted Stop of
dd:hh:mm impulses measurement

XX XX XX L YYYYY End.S
L T Rem >Ela< Bey__

Action |abel / Elapsec Time of the start \‘ 'el':]r?e of the
time
Remaining
time

7.5 - SubMenu Res- Reading of results

Generally:
As it was noted above the results are stored @rniaf block as it is shown in the following

figure:

BLOCK 1 BLOCK 2 BLOCK 3
Start Stop Start [StoStart Stop
Date 1 Date 2 Date3 Date 4 Date5 at®6

The block No.1 is defined by the start at Date d lapnthe stop at Date 2.
There is possibility to read the results of the {gHadock or to “cut out” a time interval in the
block- ROI (Region of interest) , which is procakdey the same way as the whole block.
By selecting Res- service on the bottom line ofdisplay and pressing GO button, the
following text appears on the display:

Reading of individua
record:

RegionOfinterest
- Ret >ROI< Bpr
p Q\ Sta Vue

; ) Statistical treatini
Action Return to the ROI Information of the block. ROI
labe main Menu about the ’

block

21



The 1t step of reading-selection of the block or ROI:
When the itemROI is selected the program offers:

Date Time

DDMMRR hh:mm:ss
|_-- Blk >Beg< E‘r\1d

N
—— ] N
Action Block Star- Stoy- time

labe selection time of of the
the block block

Information abou
the block or ROI

Block selection:
When the itenBIk is selected the program offers:

Time Setting of sta-
time of the block

Date

DDMMRR hh:mm:ss
-- 1st > Dec< {nc
o pecs ¢

Action The The
labe block preceding
block

and using the service %, Dec, Inc, Last or Set we can select the bldbk-block is defined
by the time of the start.

The next
block

The last
block

Information about the block:
After selection of the block we return to the seeBlk and then we choose the servist
the program offers (for illustration the block Navith 165 records was used in the text):

Number of records i
selected block

—

B: 5 SelR: 16
-- End > Sel< Ret

Block number
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Selection of the time interval- ROI:

It is possible to cut-out a time interval from thedected block by the following procedure of
the ROI definition: the itenBeg should be chosen from the offer of the service RDhe
beginning of the ROI can be shifted from the stéthe block usingnc- service In the next
step we find the itemEnd and the end of the ROI can be shifted from the antthe block
usingDec-service

The 2nd step of reading — the reading of the results
We return to the beginning of the serviResand thenead of the block/ROI can be found
using the itenBpr:

Date and time of the start of the block/RQI| The length of the blo- The length of th
the number of records ROI- the number
of records

230304 11:28:3

-- Ret > Tim< STi Bcg Cmt Cal Len ROI
Z
Sampling Background Comment Calibration
time constant

The service Cmt:there it is possible to writeumerical comment.

Statistical treating of the results:
We return to the beginning of the serviRes and after selection of the ite®ta we can read
mean value, standard deviation and maximal/minirale in given data set.

OAR Stal
-- Ret > RC<Imp Prs Tmp Rhu
Statistics of th # -
radon ‘ Statistics of Statistics of
concentration the number of pressure in the
in the counts in the block/ROI
block/ROI block/ROI

When we select the iteNue we can read individual results- records:

Record: 1
--R}Sek/"ﬁm RCimp_Prs Rhu Tmp
. . . Reading o
Setting of the number of record | Time of start Reading of radol counts
of the record concentration
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The program starts reading from the beginning efslected block/ROI or from the entered
number of the record. Subsequent pushing of thet@Go increments the number of the
record and to read another result- it is no neeeturn to the service Set to change the
number of the record.

7.6 - SubMenu Del- deleting the last block

By selecting Del- service on the bottom line of thigplay and pressing GO button, the
following text appears on the display and thes passible to delete the last block:

Are you sure
-- No > No< Yes

8.0 — Technical notes
8.1 - Contamination of the Radim3A monitor

It has been found th#lhe background increasesafter prolonged use of the Radim 3
monitor. This increase is caused by accumulatioA'®Pb on the surface of the detector
(other instruments are affected by this phenomenidmg ratio of the accumulated activéy,
to the radon activitgg, can be described approximately by the relationship

ap, /8y, = Ay, 1=0.032/ year (K1)

Under the assumption that the efficiency of theed@n ofo-particles emitted by RaA and
?1%0 is the same (practically the same energy) thewimg values are obtained for the
background aftemeasuring of radon &, for a period obne month:

arn (KB/M®) 5 10 50
ag (imp/h) 13 27 133!

This corresponds to a relatively high increaséneliackground. In order to assess the effect
of the background on the overall precision of treasurement, it is useful to examine the
statistics of the measurement in somewhat greateaild

Effect of the background on the precision of the nmesurement:
During the measuring time, the number of impulsesneasured, described by the symbol
Ng+s, Where index B indicates the background and irfféleég the index for the sample. The

counting rate of the background is determined fitben number of impulses §\N'which is
measured during an interval with lenggh t
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Ng = Ng.s — Nitg/ty = Ny + Ng — Njtg /tg (K2)
and the dispersioo of the thus-determined number of impulses is ttescribed by the
relationship:
0?2 = Ng+Ng + N (ts /t5)° (K3)
This relationship can be rearranged to the form:
0?2 = Ng+ Nt /t,(L+tg/ty) (K4)
and, after introducing the frequency of the backgibrs, which is equal to N/tg, the final
form is obtained:
0?2 = Ng +ngts(l+tg/ty) (K5)
The statistical error is usually expressed as:

_ %« 100%
5= 100%) (K6)

for which the following modifications:

c? 1 ngtg 1 n
— = 1+t /tg)= 1+ 2 (1+tg/t K7
Né NS nété ( S B) nsts ns ( S B) ( )
yield the relationship:
1 t 1/2
s=—> 1+ 81,8 (K8)
NS nS tB
the counting rate of impulses imp/hour) is given by the relationship:
Ng = agK

where a, is the concentration of radon (Bcfjmand

k is the response of the instrument equal to 0.8.
The selection standard deviation s (%) was calctiffbevarious levels of concentration and
background. The results are given in Tables K1kihd
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Table K1 - The standard deviations fgr=t0.5 h and4= 0.5 h.

arn (Bg/NT): 50 100 200 500 Background (imp/h)
s (%) 20 14.9 10.5 6.7 0
(%) 21 15 10.6 6.7 0.5
s (%) 22 15.2 10.7 6.7 2
s (%) 25 16.5 11.1 6.8 10
s (%) 29 17.9 11.6 7 20
s (%) 49 26.8 15.3 8 100

Table K2 - The standard deviations fgr=t0.5 h and4= 1 h.

arn (BQ/NT): 50 100 200 500 Background (imp/h)
s (%) 15 10.9 75 4.7 0
s (%) 15 10.6 75 4.7 0.5
s (%) 16 10.8 7.6 4.7 2
s (%) 19 12.1 8.0 4.8 10
s (%) 23 13.5 8.6 5 20
s (%) 41 21.8 12.1 6.1 100

Conclusions and Recommendations:

in order to prevent contamination of the detectbris necessary toshorten the
measuring time for high activities to a minimum, i.e. at the beginning of the
measurement it is useful to determine the actidtyel and, if this is greater than 20-30
kBg/nT, the measurement should be shortened to seversl da

when measuring low activity levels, i.e. concentratinf less than 100 BgAnit is
essential to prolong the measuring time to at I@dsbur and to measure the background
for several hours in an environment where the canagon of radon is known to be low.
It is useful to measure the background at leasitshafter the monitor was placed in the
area with the high concentration of radon.

when the background is higher than about 200 imp/hmantact the manufacturer, who
will replace the detector.

8. 2- Determination of the ventilation coefficient.

When the method of mitigation of a dwelling agamaion risk should be proposed it is very
useful to know the air exchange rate ( thereinafestilation coefficient) and rate of radon
entry into a room.

When the rate of radon entry can be expectedlesf{ahere are no day- variations of radon
concentration and the difference between interni@feal temperature is high) there is
possible to realise the following experiment:

1.

2.

The radon concentration should be measuredefaaral days to find if it is stable within

about 20%.

The studied room must be ventilated substapti@luring the ventilation the Radim3A

should be placed into the room to measure for séveurs ( the sampling time should be
0.5 hour) “ zero” radon concentration.

Then the room is closed and the growth curveessured. It is very useful to reach
equilibrium radon concentration ( estimation of aee time is given below).
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The rate if radon entry and ventilation coefficieran be determined from the measured
growth curve.

Theory:

the change in the radon concentratians given by the differential equation:

da = RTdt ~ladt - Aadt (T1)

where a is the radon concentration (Bj/m

R is the rate of radon entry into tbem (Bg/hour)

| is a constant characterizing thee raf air change — ventilation coefficient'fh

V is the volume of the room¥m

| is the decay constant of radon, étua

In 2/T1/2 = 0.008 h-1.
Assuming that the rate R and ventilation do not gkasturing the test period, the differential
equation has a solution in the form:

a= L(1— expll + A)) (T2)

V(I + 1)

This equation contains two unknowns: rdR and the ventilation coefficient. These
guantities are determined from the radon entrations activitiegz measured at times t
by using the method of regression analysis ta @trve to the measured values, where this

curve has the form:
8, = ay(1—exp(-nt;)) (T3)

and constantspaand n are determined, which can be used to rdeterthe required rate R
and ventilation coefficient I. The latter usualigs a value between 0.1 and 05 fihe
following table gives times T at which the term Jexp(-nT) attains value P at various
ventilation coefficients I:

Tab. 1: Time T (h) required to attain the requivatles of 1-exp(-nT))

(1-exp(-nT)): 0.1 0.63] 0.9 0.95
1=0.1 h' 0.98 9.3 21 28
1=0.3 h' 0.3 3.2 7.5 9.7
1=0.5 h' 0.2 2 4.5 5.9

The success of the experiment depends on whethepossible to obtain a sufficient
number of results with small statistical errdrem which both the equilibrium activity a
and the initial increase can be determined. Theeniga analysis can be greatly simplified if
the value of @ can be determined in the first step. This nexguihe determination of several
experimental values of an an area where the activity no longer changesatty. Except for
very low ventilation coefficients around 0.1 h jsitsufficient to select an overall measuring
time of about 12 hours to determine these pmntthe growth curve (see Tab. 1). It is then
important in the estimation of the shape of theitr@gg of the growth curve that the period
of the cycle be as short as possible. As mentioaieolve, this requirement is contradictory to
the requirement of attainment of a sufficientlwletatistical error. An interval of 30 minutes
seems a reasonable compromise.
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8.3- A new battery charger of Radim3A monitor.

The battery can be charged when the AC adaptemisected to “Charger-connector” placed
in the rear panel and the instrument works in ONrneg( the ON- regime is switched by
pushing both buttons=”" and “—"). The internal battery charger works in twoineg;

- main charging: the battery is charged by 0.5 A and the LED onrda panel is lighting
red . The voltage of battery is measured in peciodiervals and displayed in “BAT”
service with the notice “Charge”. Charging autocwlty stops when voltage is not
increasing ( voltage about 8.9 V) and the noticangles into “Full”

- trickle regime: if the battery is charged and AC adapter is stithnected to instrument
the battery is charged by 25 mA and the LED on tla panel is lighting green. This
current compensates the consumption of instrumeftnfA) and self- discharging of
NiMH battery. This version is recommended when unsint should work continuously
longer then 40 days.

9.0- PC program for reading, evaluation of data andemote control of Radim3A

The program is intended for collection and storafgdata from the Radim3A monitor. It
works in the Windows 95/98/T environment.

Theminimum PC configuration must comply with the following requirements:
operating system for Windows 95 and higher

486 and higher processor

16 MB RAM

VGA graphic card

1 x RS232

1 xLPT.

The operation of the system retains the rules of @pation of the MS-Windows system.
It can be controlled using the menu, mouse or funinal keys.
The functions and a description are given in thieviang text.

9.1 Introduction

9.1.1. Installation

As this is an application for Windows 95 and highdae applications should be
installed in the standard manner used for thedes\gs
The program should be installed in the followingnmer:
The CD disc contains the SETUP.EXE program. Aftenitg on the program, it is necessary
to follow the installation program. After enteringethlace of installation, the program begins
to install itself automatically and the program annces the end of installation.

9.1.2. Description of the program

The program works in two basic modes, OFF LINE andLOINE. If the instrument
is not connected to the PC, the text OFF LINE appatke bottom line on the left of the
Main Panel- see later. In the OFF-LINE mode, therajoe can view stored data and store
data in files. In the ON-LINE mode, in addition tethbove functions, communication with
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the instrument function can be set, the data &l feom the memory and the monitor
Radim3A can be controlled by PC.

When the PC program is started the small window witte Main Panel appears in your
computer- see Fig.5. Before connection of Radim3#h WC use the servicgetto set the
number of communication port , i.e. COM1 or COM2.

After connection of the PC with the Radim3A the dn@in, placed the lower corner of the
main panel, denotes connection of the PC.

The following operation can be selected in thempainel:

- load data from the file,

- save datato the file,

- read data from Radim3A,

- show graph of the whole active block,

- show data table of the active block,

- show data overview ( the list of the blocks)

- File- operation with the files,

- Remote- information about Radim3A parameters, datd from Radim3A, remote
control,

- Set- selection of the number of the communicatiorn and exported data format

Fig.5- The main control panel

View graph or data table, info = list Set number ¢
the blocks, COM, export
Control of Radim3A parameters data format
. Selectionof
Table of the The list of the the number
Remote selected blocks of the block
control etc. block
Root
Directory, »= Balim 3A cdntrol center 4=l E3 |

Data Export

File Hemote “iew Set Help
etc

Y lglal Elmol o
m R 124 [BEST \quun\\\qd

—

Remote
Read dat; Save data i control Radim3A fﬁfggﬁlted
from the the file parametrs W block
file
Read dat:
from
Radim3A
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9.1.3- Reading data from Radim3A:
Use the service Remote and then Data or to clitkdacon “Radim3A” to read all memory.
Starting this service and the small window is deguict

Radim 3A remote data

Device 001 189 records in 7 blocks

and after selection “ Read data” appears the windo

Radim 34 remote data

Records I
Blocks I

Device 001 189 records in 7 blocks

9.1.4-Information about the blocks:

When icon “I” is used the list of the blocks is de#pd. The start and end of the block, number
of records etc. can be found in the list.

9.1.5-Selection of the block:

The number of the block can be selected in the NPainel ( see above) or in the list of the
blocks ( icon “i”) where it is possible to mark theeded block.

9.1.6-The graph of the selected block:

The graph can be depicted using the icon in thenN®ainel or using service View- see Main
panel. After selection of the service the followsygpears in the window:
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Fig.6- The graph of selected block

Selection of
concentration,counts,
The informatior humidity etc.
The numbe about the block

of the blocl

Fie ROJ 2

Block [12 :ll

C: WA CPPYR adimtExet R 3400001 Yhew_data.r3d GBS records in 12 blacks

241 records Sampling time= 00:30:00 Device 001
Begin 20.09.2004 08:30:52 End 25032004 05:00.52 Block length 5d 00:30: Show stdfistics [~
Backgiound= 0 imp/30min Cal= 09600 Comment: E5535
Ba/m3 IConcentlatiun hi
800
Ibest wigw <
P-z00m
|
set value color
E00
500
400
300
200
100
|:Eursor pnsmoj

1] |
210304 220904 220404 220904 220304 220804 220304 230904 230304 230904 230904 2300 al
22:30 02:30 06:30 10:30 14:30 18:30 2230 02:30 0E:30 10:30 14:30 18 |— /

w-zoom | best view j ¥ RO onl 1 ﬁgraphs wertical gndl j _“ j haorizontal grid font size |3 'l //

/ [

The form of the grid Reading the
concentration,
numberof of record
etc. in the position
of the cros

Number of
the graphs

The value of concentration ( counts etc), numbehefrecord, date appears in this windows
when the “cross” is moved in graph.

9.1.7-The data table of the selected block:
The data table can be depicted using the iconenMhin Panel or using service View- see
Main panel. After selection of the service the fallog appears in the window:

Fig.7- The table of the selected block
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File B.OI  Window
Block Is_jl C:AJWACPPYF adimtE e R 3400001 \new_u:!ata.ﬂd BES records in 1 2. blocks
47 1ecords Sample ime= 00:30:00 Device 001
Begin 16.08.2004 095331 End 17.08.2004 092331 Block length= 23:30:
Background= 0 cht/20min Cal= 09600 Comment: ERRZA
Record |Date & time Block time |W [ont]  |Conc.[Ba/w31|P (hPall|T [°c1[mh [%1[an [a/mag] =
1 16.05.2004 09:53:31 0g:00: 1155 £+ 34 2377 £ B9 995. 5 21.8 54.7 10.6
2 16.05.2004 10:23:31 00:30: 13250 £115 27324 £ 236 995.7 z1.8 55.3 11.3
3 16.08.2004 10:53:31 0l:00: 9536 + 98| 19719 £ 201 994, 7 21.9 &a0.1 11.7
4 16.08.2004 11:23:31 01:30: 3845 + 62 7947 £ 127 994, 7 22.0 59.4 11.7
5 16.05.2004 11:53:31 02:00: 1983 £ 45 4102 £ 91 994, 4 21.9 &60.3 11.5
& 16.05.2004 12:23:31 0=:30: 1765 £ 42 Jges £ &6 9594.0 z1.7 GZ2.3 1z.0
7 d 2 23.1 2
o Select all Clrl+a,
z Setaz RO :
Setas I e
10 st gz B end
11 Deselect BLE
1z Hefrestlast B
13 16.08.2004 15:53:31 0g:00: | Li Data Export CirleE
14 16.05.2004 16:23:31 0g:30: 1895 £ 44 3953 £ 90
15 16.05.2004 16:53:31 07:00: 1946 + 44 4055 £ 91
la 16.05.2004 17:23:31 07:30: 1985 £ 45 4137 £ 92

It is possible to mark time interval wusing tbé& button of the mouse. Striking the right
button of the mouse one can determine the R.Oeke (ater).

9.1.8- Determination of the R.O.I.;

Very often it is useful to evaluate the results fromited time interval, i.e. in Region Of

Interest ( R.O.1.- system). It can be done in thaogror in the data table.

Determination R.O.l. in the graph:

1. place the cross in the beginning of the needed itibeeval

2. pushing the left button of the mouse and keepieg biutton move to the end of the time
interval

3. push the right button of the mouse and programrstthe following possibilities:

- Setas R.O.l,

- Refresh last R.O.1.

- Select all, i.e. all data from the block.

The window changes to:
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Fig.8- The graph of selected block with the R.O.I.

+= Radim 34 graph

ISi[=1 E3

File E.Ol Zoom window
Block |12 = C:AJmaACPPYE adimtE ket A 34000071 Yhew_data.r3d BES records in 12 blocks
= 241 records Sampling time= O0:30:00 Device 001
Begin 20.09.2004 08:30:52 End  25.08.2004 09:00:52 Block length  5d 00:30: Show statistizsl &
Background= 0 imp/30min Cal= 09600 Comment: ERA3R
Ba/m3 I[Zoncenlralion 'l
2004
Ibest wview 'l
y-Zo0m
—
set walue color W
6004
5004
4004
3004
2004
1004
Curzor positio
record 162
0 T T T T T T T T T T 2£3.03.2004 17.00:52
20.05.04 20.03.04 21.09.04 21.09.04 22.03.04 22.03.04 23.03.04 23.09.04 24.05.04 24.03.04 25.09.04 4l
08:30 20:30 08:30 20:30 08:30 20:30 08:30 20:30 08:30 20:30 03:30 |— 457 Bg/m3
H-Z00MM Ibest wigw 'l = | B arli 1 ﬂ araphs wertical grid I j _I I j harnizontal grid fant sizels 'l

If the service “Set as R.O.I" is chosen it is poksitio getthe statistical results of the R.O.I.
clicking the icon “Show statistics”( the upper right corner of the window) and selerthme
version “R.0O.1. only” ( see the icon in the left sjdower line) Then the following window is
depicted:

Fig.9- The graph of the R.O.1.

v Radim 3A graph O] x|
Fle B.OI Zoom *Window
Block |12 = CAWWACPPAR adimbE xehR 300001 vnew_data.r3d BES records in 12 blocks
= 241 records Sampling time= 00:30:00 Device 001
Begin 20.09.2004 08:30:52 End 25.09.2004 05:00:52 Block length  6d 00:30:
Background= 0  imp/30min Cal= 0.9600 Camment; B5535
N [cnt]  Act [Bg/m3] P [hPa] T['C] Rh [%] R.O.I
mean 235 477 9857 206 437 0.986 Begin  21.09.04 2230
std.dev. 19 ez} 41 03 04 0178 End  23.09.04 1730
min 158 402 7EF 202 432 8.830
max 285 574 9507 1.3 S0.E 9.526
245 437 5989.3 209 50.0 9.083 86 records selected
median 234 475 a87.2 206 436 0.884
Ba/m3 I Concenbration |
400
Ibesl wigw =
700 y-zoom
500 I = »|
/\/\/\ set value color W
| VAV W ! Pm A,
T T Ve
400
300
200
100 Cursor positior
a T T T T T T T T T T '
210904 2204904 220904 220804 220904 220904 220904 230904 230304 230904 230904 2300 el
22:30 02:30 06:30 10030 14:30 18:30 22:30 0230 0630 10:30 14:30 18 ’7
W-Zoom Ibest i 'I ¥ R.Ol only 1 ﬂ araphE wertical grid j _I I j horizantal grid font size |8 'l
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Determination of the R.O.I. in the data table of tle selected block:

Click on the icon “data table of the block” placedthe Main panel, using the left button of
the mouse, mark the time interval- records offtitere R.O.l. and then push the right button
of the mouse. When you choose “Set as R.O.l.” thesital treatment of the R.O.l. appears
in the lower part of the window:

Fig.10- The data table with the R.O.I.

File B.OI  Window
Block Is_ﬂ C:AJWACPPYF adimtE e R 3400001 \new_u:!ata.ﬂd BES records in 1 2. blocks
47 1ecords Sample ime= 00:30:00 Device 001
Begin 16.08. 2004 03533 End 17.08.2004 09:23:31 Block length= 23:30:
Background= 0 cht/20min Cal= 09600 Comment: ERRZA
Record |Date & time Elock time |N [cnt] |Conc. [Ba/m3] [P [hPal|T [°c1[mn [51]an [omal| =
1 16.05.2004 09:53:31 0g:00: 1155 £+ 34 2377 £ B9 995. 5 21.8 54.7 10.6
2 16.05.2004 10:23:31 00:30: 13250 £115 27324 £ 236 995.7 z21l.48 55.3 11.3
3 16.08.2004 10:53:31 0l:00: 9536 £ 98| 19719 £+ Z01 994, 7 21.9 &a0.1 11.7
4 16.058.2004 11:23:31 01:30: 3845 + 62 7947 £+ 127 994, 7 2z2.0 59.4 11.7
5 16.05.2004 11:53:31 02:00: 1983 £ 45 4102 £ 91 994, 4 21.9 &60.3 11.5
& 16.05.2004 12:23:31 0=:30: 1765 £ 42 Jges £ &6 9594.0 z1.7 GZ2.3 1z.0
7 | 03:00: | + 4 + 87| 993.3| z1.6| se3.1| 121 |
8 16.08.2004 13:23:31 03:30: 1752 + 42 3636 £ 86 99z.9 21.6 64.0 12.3
a 16.05.2004 13:53:31 04:00: 1302 £+ 42 3742 £ 87 992. 6 21.5 4.9 1z2.4
10 16.05.2004 14:23:31 Od:30: L1787 £ 42 3714 £ &7 992.5 z1.5 65.6 1z.5
11 16.05.2004 14:53:31 05:00: 1884 £+ 43 3917 £ 59 992.5 21.4 G6.2 12.5
12 16.08.2004 15:23:31 05:30: 1843 + 43 35834 £ 88 99z.1 21.4 G6. 7 12.6
13 16.08.2004 15:53:31 05:00: 1872 £ 43 3595 £ 59 991.9 z21.4 7.5 1z2.5 ‘:J
R.0O_I. statistics: B records selected Begin 16.08.2004 125331 End 16.08.2004 15:53:31 Length 03:00: |
mean 1511 3762 992.7 21.5 5.1 12.4
std. dew. a5 a9 0.4 0.1 1.4 0.2
min 1752 3636 zl.4 63.1 1z2.1
max 1584 3917 21.6 G6. 7 12.6
3. quarti 1502 3742 21.5 65.6 1Z.5
nedian 17599 3729 21.5 4.9 1z2.4

9.2.1- Saving the results in PC:

In the first step is useful to determine the dwoeg, in which the data will be saved. Use the
service “ File” — see Main Panel and select “DatatRoirectory’- the small window shows
the path where data will be saved, for instant thie pan be: C\Vlach\Data. In the following
window you can see two sub-directory “R3A0001” andAB302”. Explanation: each
produced monitor has production number which is kephe memory for instant R3A0001.
Results of measurement of the used monitor are thetomatically stored in the
corresponding directory.
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Fig.11- Saving the results in a file

21
Ulasit do: | =3 R3an0001 | 5

] d1.13d
] data R1blocka.i3d
[#] datablock2 13d
[#)] datablocks. 3d
@ datanaposled.r3d
@ hic.r3d

Mazey souboru; Isomething.l3d

Uleztjskotyp:  |R3adata [*r3d) =l Stama

File Remnta Elem Set Help
|| @I&Ll&l Ell@l Block |12 ﬂ Ortop [
R 125 665 (007 [unsaved

s IEAD > G | [@Radim 38

9.2.2- Export data to Excel (Word or similar)

The recommended procedure:

1. Inthe data table of the selected block mark ti@.R.

2. Find the “Set” service in the Main Menu and theteseservice “Export format”. The
window is depicted in Fig.12.

3. Now it is possible to select what we want to expoointentration, counts, etc) and to
adjust the format.

4. Inthe Main Menu the service “File” must be fountiahen the service “Data Export”.

5. The similar window, as it is given in Fig.11, apps and then it is possible to write the
name of the file but with extensiorcév”.

6. To open the file in Excel or Word one must follove proper path, for instant in our case:
C\Vlach\ Data\R3A0001 and to find saved file witle thame and extension csv in the
sub-directory R3A0001 (or similar).

35



Fig.12- Set the export format

~Dataselect

[~ Expart common black parameters

[V Export value names

[V Export valus urits

2 calumn rahso\utedale[dm
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BB o|f|a| B@@] sk 7 4 o

[ERNEE (7 120 665 001 [CAlach\DatahR3A0000Tinapasiedz tat 5. column [Counts |
i ——
B. calumn IEoncenllation [Ba/m3] 'i

7. column IFressule [hPa] 'I
8 calumn ITEmperalura ['C] 'i
3. column [Rel humidty [%] - Mg
EH 2

I<nnt exported: 'i SISIE

MR
w2
Mexid1

7 CEW format

Field Separator I; {semicalon} = 2
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Defaullvaluesl Cancel |

o] | @ AR B E | [@Fadin A 7 Microsot Word - Obrsakyp | FEOH Rl @@ =0

9.3.0- Information about the monitor parameters.
In the Main Panel select the icon of “Radim” with&dnd the following window is depicted:

Fig.13- The monitor parameters

Radim 3A remote info B3

Mersion———— ] [Parameters———— | [Realtime
Device number: 1 Background = 0 /30 min R adim; 25.09.2004 12:28:.06
Firmware version;  1.01 Sample. tme = 30 min PLC: 25.09.2004 12:38:26
Sofbware version: 006 Lasttestres. = 100 % Shahu
Data M eas. type: i
EES recordzin 12 blocks, 18431 free Begi tirne: 25.09.2004 09:00:52
41 records in last block Endlme:  25.09.2004 09:30.52
rEnviionment———————— Elapzed tme:  25.09.2004 031216
Pressure = 930.3 hPa Counts = 56
Temperature = 24.3 °C Battery
Relhumidity. = 458 % Voltage = TE30 Y Update periodicaly |
tMeasure enviranment Measzure battery Updatenncel
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9.4.0- Remote control

In the Main Panel select the service Remote andtrGoand the following window is

depicted:

Fog.13- Remote control of the Radim3A monitor

Radim 3A remote control

Setting of
the
background

Setting of the

—r\\n =i

\\—S ample tirme
r,/—- |3 ill % 10 i

Device 001

—Backaround

pdate from Radim |

| """" Wi’i’t’é"t'iii"ﬁé'&i}ii"""?I

d m y

sampling
time Ipdate from Fadim | Wiite to RBadim |
—Real time:
Clock IE:IE: 25 Ipdate from B adim |
settinc h m =
Update from PC | Wfrite to R adim |

Deleting D ata black:
b|0Ck_, BES recordsin 12 blocks Eraze all blacks | Eraze last block |
clearing the
memory
~Measurement
Fadim status: (e Elapeed bmey  WUEFEZS 5E caunts
Selection of Measwe mode  [Fadan =] Achior
the measuring
mode Last test resul; 100 % Meas‘\. start |
1\
| \
Elapsec Counts Start the
time measurement

From the Fig. 13 it is clear what the service “RéenGontrol” offers. When we want to start
“Test”, for instant, the mode Test must be sekbeted then clicking to small window “Meas.
start” starts the measurement. The course of s@sarement can be observed reading the
elapsed time ( time from the start of the measung)rand number of counts. Note: read the
note in the Chapter 7.2.2- Test.
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