AMTESLA

EN
TERA Radon Program

Radon Monitor RADIM 3AT
Technical Specifications & Operation Manual

v.l - 2018



Table of Contents

[= Y S VS R

1.2
121
7.2.2
7.2.3
1.2.4
1.2.5
116
7.2.3
7.2.8
73
131
7.3.2
733
1.4
1.5
16
8.0
81
8.2
9.0
89.1.1.
9.1.2
913
9.14
915
8.16
917
9.1.8
8.21
89.2.2
9.3.0
9.4.0

Introduction......oe e, caneeas iereares s e s . e e 3
Use of TRE IMSEFLIMIEIE ettt et e ettt e et e b e e et st bt st et et e bt 3
SEOPE OF DEIIVEIY 1ot itieeietesissvssssssers s e siasss o seasesbasssns st o bas s s besvmbeevas e vmts s vmns ve et vmssss vmesn vansrmbes susnnsrnssnsnes )
QL= o= L 4
Warranty... PO O TP DT ORROPRPRRPO - |
Operation nf the Instrument ..
General Principles of ﬂperatlon Measurern ent and Deplctlun on Dlspla\r .......................................... 5
SubMenu Sys-Display On/Off, Test, LCD cantrast, elock and memory clearing v 7
[T e T LT et o 1 « 7
Test of the monitor by internal generator- service Tst ...... e L e b e s 7
Contrast adjustment of LED- ServIEe LD .o cie s e e e sms s ssme st eme s soe s snn e s mmses smsemmseenne s a3
o T T N ot P 9
I B T O BRI - SR R T ettt it iressmrees e crmsm e oo o e et s s 8 9
Initialize- service Ini .. e eteteaeteeemaeebistmeseseeieebessossessessessmtissmssesiesimtossnsansiesesioinntessemsiminsnsee O
MNoChargr- Puer DFF- service EIFF ettt e fhaS e b oA et St fhe ek S DEa e St n b smd e b st s e shasnnes D
Reading of the praducticn nu mber- SErvice Ide .................................................................................... 9
SubMenu Par- Background, sampling time and battery capacity e sesis e e S g
Background determination- SEMVICE B .o i irarmsies o imssstirass o s imss et eas s ses s e e s eas bt manaa 10
Cetermination of Length of the Sampling Interval- service St ... sessnmseenes 10
Reading of residual capacity of the battery- service Bat... S USIP & |
SubMenu Rdn- Automatic radon measurement and smrage of the results ........................................ 12
SubMenu ReD- Reading of The FEEUIES Lo s e e e s s seare oo s s e s msras e smsnas 12
SubMenu Del- Deleting the last Block ..ot nee i iaee s 14
Technical notes .. SO OO U O P TR .
Contamination m‘ the Radlmih LT T TP TP PSP 15
Determination af the ventilation coeffielent . s e s e 16
PC program for reading and treatment of data ..o e 17
IMVSEBIIAEIDIN cvvtitirinsiesimresenshobseson e seesbos s s bnss oo bmdbessebmssas besss b basbns sassabess onbnd sbabntosssn budunsbatosses stensbatnnsessnssase L7
Description af the FIFEIETEITE it e e oo o et em e e e st s £ e et o et e e s £ o et ot se s £t e st o s oot em e s e smtmnsee b mte e e e ne s e e nnen 17
Reading data from Badim B o i e sesms s iess s v masas e e e ass s rad e ae s v e e ma e b saas e s 18
Information 3ot The BISCKS ... e e e e s 19
Sl rtion OF T DOl et ettt e et et 149
The graph of the selected BIOck ... s e et e en e 20
The data table of the SEIECEEm BITEK ..o s simes s smas s sms st e e s e sm st snam et man s 21
Determination af the BLOLL e i ses e e s s ems s e s s e s n s e eercsese e s 22
SAVINE THE FEEUIES M P ottt ettt e e e e et e e e e bes ettt et et e m st s st 22

Export data to EXcel (Mord Or SIMIIATT .o e eermse s e se s sse e s essoes ssmss e ses s e s saees e snemsnnsnesensensn B3
Information about The MORITOr PAFBMETETS Lot e o e ree s e rermers e sen e ssessessensmasessaees essmermssmsensensees S0
REMOEE COMEIOL 1ottt e e st s bt 25

2027



Na part of this document may bhe reproduced, republished, translated or digitalized in any form or by
any means, without prior written permission of TESLA.

Information contained in this manual relates exclusively to the TERA system component specified on the
title page. New versions and maodifications may be developed without prior notice to current users. TESLA
has made every attempt to provide you with complete, error-free and accurate information in this manual.
TESLA is not liable for errors or omissions contained in this document, or for any damages however resulted
from using or relying on any information contained herein. TESLA's liability for errors shall be strictly limited
to correcting such errors and providing advisory services as described below.

Users should be familiar with operation basis of used product.

Introduction

This document describes technical specifications of the Radon Monitor RADIM 3AT.

Product was developed and manufactured in the Czech Republic. All rights reserved TESLA. Offer or
delivery of products or services related to the product does not include transfer of ownership rights.

Before using the product, please read this manual carefully and understand all operating and safety
precautions. Compliance with operational and safety precaution can prevent from damage to equipment or
injuries to personnel. Operating and safety instructions in the document are marked as follows:

Attention! This formatted text indicates the operating and safety instructions.
The product may only be used in the specified manner and for its intended purpose. The product may
be provided to third persons along with this documentation only.

Use of the Instrument

The portable Radim3A instrument is developed for monitoring indcor radon concentration, temperature,
humidity and pressure in resident spaces . Instrument with high sensitivity and its results are corrected over
humidity and temperature. By LCD display and 3 buttons or over PC application is possible to control the
instrument. due to internal accumulator is possible to use the instrument without electricity connection,

Scope of Delivery

The Radim3AT monitor is supplied as a complete unit consisting of the following components:
- Radon Monitor Radim3AT,

- Operation Manual,

- Power Adapter,

- Transport Boy,

- CD with PC Application
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4 Technical Specifications

Measured quantity:
Functioning principle:

Instrument response:
Minimum concentration:

Maximum concentration:
Chamber capacity:
Sampling time:

Effect of humidity:

Electronics:
Power:
Current:
Operation time:

Memory:

Thermometer:
Manometer:

Hygrometer:

Display:
Communication:
Control:

Dimensions and Weight:
Climatic conditions:
Calibration:

S Repairs

air radon concentration

the radon diffuses into the chamber, covered by felt. The felt absorbs
the air-borne radon decay products. The radon activity is determined
by measuring the a-activity of *“Po (RaA), collected by the
electric field on the surface of the semiconductor detector.

(0.5 counts/h)/(Bg/m’)

activity determined with a statistical error equal to £ 20%:;

30 Bq/m3 for 1- hour measurement

150 kBg/m? for 1-hour measurement

0.81

adjustable from 10 minutes to 24 hours

the change in the relative humidity from 50% to 90% decreases
the sensitivity for =6.5%. The results are automatically corrected for
the effect of humidity

low power, protection of data

battery powered- LiOn batteries with capacity of 2.5 Ah

0.49mA during measurement, 6 pA during stand up

210 days from the battery, from main: limited by the memory
capacity

a maximum of 16096 measurements i.e. results of S060 hours-210
days of monitoring can be stored in memory when 1- hour sampling
time is adjusted.

precision of £0.5C

range from 750 to 1150 hPa, reading differentiation 0.1haP, precision
+3hPa, temperature coefficient < 0.1hPa/°C

range from 10 to 99%, precision 3%, the computer determines the
absolute humidity (g/m?)

LCD, 2x 16-characters,

USB standard port

3 buttons, remote control by PC

230x230x 230 mm, cca 1.5 kg

temperature 5 to 40 C°, relative humidity 10-90%

carried out by manufacturer

Any repairs and non basic maintenance must be performed exclusively by TESLA manufacturer,

6 Warranty

TESLA
Podebradska 56/186
180 66 Prague 9

- This product is covered by warranty of 24 months from purchase date.

- Incase of warranty claim, please contact our Service Department,

- Warranty covers any defects in materials or workmanship and excludes any damage resulting from
or caused by transport or handling or by any misuse.

- Warranty ceases if product has been used improperly or its seal is broken.

- In case of warranty claim, warranty period is prolonged by number of days product was
undergoing warranty repairs.

- After the end of its life, product must be handled as e-waste.
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7.0- Operation of the Instrument.

7.1- General Principles of Operation, Measurement and Depiction on Display.

The instrument is controlled by an efficient microcomputer. The software was designed so
that the program offers a number of variants from which the operator makes a choice - i.e. the
operator need not remember a set  of commands or hunt through the manual. Tt is only
necessary to have a rough idea of the types of operations carried out by the selected service -
item of the Menu. The operator must also leam the manner in which measuring results are
stored and displayed.

Measurement:

To start or stop measurement the sub- service Start or Stop in main service Meas should be
selected- no advanced programming of experiment is needed.

The memory and manner of storing the results:

The instrument has the memory where 16096 results — recordings - can be stored. The records
are numbered from 1 to 16096 from the beginning of the memory. The names of the items in
the Menu, the sub-services and their description are written in English. The program offers
statistical processing of the results, i.e. calculation of the mean and the standard deviation of
the set of results. The set of results is stored in a block, whose number  the program finds
automatically when the measurement starts. The hlack is defined by the time of start and stop.
The time ol start, temperature, humidity and pressure is stored in the memory for each
recording { record thereinafter), In the memory can be stored 128 blocks - experiments.
Data can statistically processed either from all the block or from selected time interval- ROL.
There is a possibility not to store results in the memory only read the last record in the display.
Concept of Operation and Depiction on the Display:

The conception of the software was based on the fact that an intelligent alphanumerical LCD
display was used with 2 lines of 16 characters each and the instrument is controlled by 3
buttons. The buttons are labeled as:

N R N B

In choice of items offered in the bottom line of the display, the operator moves to the left
using button * <" and (o the right vsing button * -7, the selected action is confirmed using
the Go button.

Numerical values entering:

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

Movement Regime:

Using the buttons — and — the position of the cursor is moved. After pushing GO the
movement regime changes to the action regime.

Action Regime:

Action depends on the symbol denoted by the cursor:

If the cursor selects the number the text changes to INC = < DEC and the buttons ~ and -
Increments/ decrements the number.
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Switching ON/OFF the instrument:

The instrument has no mechanical switch ON/OFF, only electronic one. The instrument is
switched ON by synchronous pushing the buttons — and — . The instrument is switched
OFF automatically if radon is not measured, the regime of display is adjusted to automatic
switch Off ( see later) and no adapter and no PC cable is connected.

Switching OFF the display:

In vrder to reduce the power and to protect the monitor against children a nonqualified
person “playing” the display can be adjusted to automatic switching off - see Chap.7.2.
After urning the instrument on, the main Menu appears on the display - see picture below.
The frame on the picture represents the display and the displayed text, the text which is
outside the frame denotes the hidden items, which can be displayved when the cursor is moved
to the right or to the left (the items can be read in a cyclic manner).

The ilems un the main Menu:

Menu: System
X Del =5ys< Env

Action label

Main Menu:

Asg the description of the services can not be described as complete text on the LCD display
with 16 characters, the main Menu consists of 6 items, where abbreviations denote items of
Menu, indicated in the following figure, where the first steps of the services are also depicted.

Del Sys Env Par Rdn ReD

RN

Dsp LCD Tst LCD Clk Clr Ini QIF _
i T Ret Beg St Bat Fra Mud Run Inf Res Ret ROI Rec Sta Ret

Bet Prs Tmp RHu AHu

When an items of the Menu are selected, the text on the upper line of the display changes,

indicating the function of the item - services.

List of services:

Abbreviation Explanatory text Function:

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

ReD ResultsRead Results reading

Del LastMeasDel Deleting of the last block
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7.2-SubMenu Sys- Display On/Off, Test, LCD contrast, clock and memory clearing

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

LCD Conirast Sel

Dsp = LCD< Tst Clk Clr Ini Off Tde Ret
Diisplay
O/ Off
) Production
| Contrast of LCD display | Clock settings number

7.2.1- Display On/Off- service Dsp:
After selection of Dsp in the service Sys display depicts:

Display: Fixed On
Ret = Dsp< LCIy

And the display is On constantly. In order to reduce the power and protect the monitor
against children a non- qualified person “playing” push the Go again and the display
changes to:

Display: Auto off
Ret = Dsp= LCD

and if no button is pushed within 1 minute the display switches Off automatically. The
display can be activated again by synchronous pushing the buttons — and —.

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

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

Start of Test
T Inl >Run< Res Ret

4/\'" Return into

Action lahel _‘ main Menu

Measurement and evaluation of the test:

The Run- item must be selected in the Test- service and the procedure starts after pressing the
Go button, The “Action symbol” changes to T. When “T" appears on the display the impulses
are counted and it is nut suitable to select any another service- only service Info.

If you want follow the running measurement select Info- service and the display depicts:
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Running time: dd:hh:mm Mumber of counted pulses

NN/

REXXNXXEYYYYY
T Rem >Fla< Beg End Sip

Action label (’ A ‘b“h\?""—-.._
Time of the start Stap of measurement

Femaining time '__
Elapsed time Time of the end

The service Info has the identical form when radon or background is measured. The
measurement can be stopped using Stp - service.

Note: when the operation Test (measurement of radon or background) starts the “Running
time” and counter does not changes for 20s, This delay is needed as analog part of Radim3A
is supplied by voltage when measurement is going only- during another operations this part is
switched off and so the needed power is reduced. It takes 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 after selection of Res - service as:

Test OK:100%
Run =>Hes< Ret

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

If the counted number of impulse differs from the nominal number by more than 5% the
notice © Dev. Test Failed” appears on the upper row of the display. In this case it is strongly
recommended that the producer be contacted and that the instrument not be used.

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

Conirast seiting
Ret =Inc< Dec

when the cursor is set (o Inc-item it is possible to increase the LCD contrast by pressing GO.
The Dec- item decreases the contrast.

7.2.4-Clock settings- service Clk
When the cursor is set to the item Clk and Go- button is pushed the display depicts { fiction
date and time is shown in this text):

Date: ddmmirr Time:hh:mm:ss

250611 10:02:38
Ret =5et< Ret
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‘When the item Set is selected the display changes to:

250611 10:02:38
=< MODE >=>

Using the button < or — the desired number, which should he changed, can be chosen
(here is line below the selected number). The program offers the possibility to change number
by Inc or Dec and pushing of Go hutton. The program checks if the adjusted date and time is
wsensible”, All procedure of clock setting is finished when cursor is placed on the Action
symbol: ,,0OK*.

7.2.5-Memory clearing- service Clr:

When the cursor is set to the item Clr and Go- button is pushed the display depicts

Are You sure ?
No >No= Yes

7.2.6- Reset-Initlize- service Ini:

Reset of computer is done in this service. Action must be confirmed after the question *Are
you sure ? ©

7.2.7- NoChargr- Pwr OFF- service OFF

There are a complicated computers in Radim3A and it can happen that one of the
microproccessors can be latched, Only solution is to disconnect instrument from battery. It is
done in this service if the insorument is not connected to external charger. A new start is
done by connection of monitor to external charger again. Note that the parameters and
real time clock must be renovated !

7.2.8- Reading of the production number - service Ide:

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

7.3-SubMenu Par- Background, sampling time and battery capacity.

By selecting Par- service on the bottom line of the display and pressing GO button, the
fallowing text appears on the display:

Background
Ret > Beg< St | Bat

7.3.1- Background determination- service Beg:

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

By selecting Beg- service on the bottum line of the display and pressing GO button, the
following text appears on the display:

Backgr/30 min; XXX
B Run >5et< Ret

| Background setting

,J The last used value of background
i

Acrion label

Measurement
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Background measurement:

Using the service Par, the 3 hours or longer sampling time should be adjusted. As the
monitor is slightly sensitive to radon, it is recommended to place monitor into a space with
very low radon concentration i.e. outside of house and to start background measurement at
least 5 hours after last radon monitoring { one must wait for complete decay of RaC"). The
measurement starts after selection of the item Run and confirmation by Go. After start the
Action label changes to * B". If you want follow the running measurement select Info-service,
see Chapter 7.2.2

Background setting:

If the results of multiple measurements of the background is known or we know a trend of
background changing it is possible to set the value of the background manually. The number
of background counts /30 minute can be written by the procedure for entering of numbers.
The “Number Writing * Routine:

The last entered number L\___

el

Val: 00000
<<MMode >

There are 4 modes of writing procedure:

<<  MODE >> 1: mod - selection of digit by moving the cursor to the left or right

INC MODE DEC  2: mod - decrement (DEC) or increment (INC) of number by selected
digit order of magnitude

OK MODE ESC  3:mod - ending (valid or not valid writing)

MAX MODE MIN  4:mod - copy of two limits of the number to current value.

The mode are changing by the button GO and confirmed by OK.

7.3.2 — Determination of Length of the Sampling Interval- service STi

Choice of the length of the measuring interval:

The length of the measuring interval is selected with respect to the expected level of radon
concentration and required statistical ervor of the measurement. The following table gives the

relative measuring error, expressed in percent:

Tab.4- The statistical errors, given in %, for different radon concentration and
sampling time T

oAR | 2 50 | 100 | 500 | 1000 | 2000 | 5000 | 10000 = 50000
g/m’)

T=0.5h 33 20 10 7 5 3.2 | 22 1.6
T-1.0h 20 16 7 5 32 | 22 [ 16 | 11
T-=20h 16 7 5 32 [ 22 [ 16 [ 11 | 08

From this table follows that the length of 0.5 hour seems to be optimal, with acceptable
statistical error even for very low concentrations- only for concentration below 100 Bg/m” the
sampling time should be prolonged.

The length of the sampling time can be adjusted from 10 minutes to 24 hours.
Note: when sampling time is shorter than 30 minutes the seen radon concentration may be
not correct, as the counting rate is not in an eguilibrium with radon concentration. Therefore
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the shorter sampling time should he vused when a fast process is studied and relative values
are impuortant.

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

STime : 00:30:00
X << Mode ==

Using the button — or - the desired number, which should be changed, can be chosen
(there is line below the selected number). The program offers the possibility to change
number by Inc or Dec and pushing of Go-button. The program checks if the adjusted number
is within the given limits. All procedure of setting is finished when cursor is placed on the
Action symbol: ,OK"” and confirmation by Yes,

7.3.3- Reading of residual capacity of the battery- service Bat

The LiON battery of 2.5Ah are used in the insoument. It is useful to know residual capacity
of battery to estimate corresponding operational time. The capacity is estimated from voltage
and discharging curve of the battery . Selecting Bat- service and pushing Go the display
depicts for instant:

Bat:4.17V —-0OK-
- 5ti =Bat< Het

OK appears when voltage is higher than 3.7V

Notice To End appears when voltage is between 3.7 and 3.5V

Notice Low appears when voltage is berween 3.5 and 3.3V

Notice Low is displayed when vollage is lower than3.3 V, the instrument switches OFF
automatically and it is not possible to start measurement.

Battery charging:

Li-lIon battery has no “memory effect”, i.e. can be charged whenever the residual operation
time seems to be short. Connect the adapter to the insoument and the LED, placed in rear
panel, is lighting, While the battery is charging the LED is red, when charging is finished the
LED is green (the orange light means sume troubles with charging, e.g. low adapter voltage).
The totally discharged battery will be charged in about 12 hours. The adapter can remain
permanently connected to the device in order to supply in long term measurements.

Important ! Use the original adapter only. Using improper adapter can result in device
malfunction or even damage.
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7.4 - SubMenu Rdn- Automatic radon measurement and storage of the results.

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

Radon Meas Start
R Fre Maod > Bun= Inf | Rew

—_—
Action

lahel

Reading of the

Mode last record

Mumber of
records,
which can he
stored in the
memory

Measurement
informarion

Start of measurement

Before starting the measurement, the manufacturer recommend that the following be
controlled:

- battery capacity ( see Par - service),

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

the hackground value ( see Par - service),

check the number of records, which can be stored in the memory —service Fre in Meas.
Made: there are two versions of measurements

-Mode: DataLogging- the results are stored in memory

-Mode: MonitorOnly- the data are not stored in memory. The result of the last closed record
can be read by ReW.

The measurement starts after selection of the Run service and confirmation by Go, Alter
start the Action label changes to “R”. If you want to follow the running measurement select
Inf - service, which is in detail descibed former in section Test, 7.2.2.

Service: Results Watching - ReW
During radon measurement the result of the last finished record can be displayed vsing service
ReW:

38 +- 6Bg
R Ret =Rnc< Imp Prs Tmp Rhu

Where Rnc shows radon concentration,
Imp shows number of impulses
Prs shows pressure
Tmp shows temperature
Rhu shows relative humidicy
If a record is not finished no items are displayed.
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7.5 - SubMenu ReD- Reading of results

Generally:

As it was noted above the results are stored in internal block as it is shown in the following

figure:

Date 1 Date 2 Date3 Date 4 Date 5 Date 6
BLOCK 1 BLOCK 2 BLOCK 3

Start SLope  Bratt Stop St Stop

' v v 4,4, |

The block MNo.1 is defined by the start at Date 1 and by the stop at Date 2.

There is possibility to read the results of the whole block or to “cut out™ a time interval in the
block- ROI (Region of interest) , which is processed by the same way as the whole block.

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

Region Of Interest
- Ret > ROI< Rec Sta

Rerurn to the RO ‘ M Staristical treating

main Menu of the block, RO1

Reading of individual records

When we select the ilem Rec we can read individual resulis- records:

Record: 1
X Ret > Set< Tim Rnc Imp Prs Rhu Tmp

Setting of the number of record | /\

Time of start of the record Reading of counts

Reading of radon concentration

The program starts reading from the beginning of the selected block/ROI or from the
entered number of the record. Subsequent pushing of the button Go increments the number of
the record and to read another result - it is no need to return to the service Set to change the
number of the record.
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When the item ROI is selected the program offers:

Mumber of the blnck

Length of the block

B: 2 Len: 25
End = Blk< Rcs Tim STi Beg Cmit CAL Ret

Block selection A

| Start time of the block |

Sampling time

Selection of the time interval- ROI:

It is possible to cut-out a time interval from the selected block by the following procedure of
the ROT definition: the item Beg should be chosen from the offer of the service ROI. The
beginning of the ROI as number of record is selected. In the next step we find the itemm End
and the end of the ROI can be determined as number of final record.

Statistical treating of the resulis:
We return to the beginning of the service ReD and after selection of the item Sta we can read
mean value, standard deviation and maximal/minimal value in given data set.

OAR  Stat
X Ret >Rnc< Imp | Prs Tmp Rho

: L =
Statistics of the radon _f/; \

concentration in the [
hlock/R01

Sratistics of the number of Statistics of pressure
counts in the block/RO1 in the block/ROT

Further items of service ReD:

Res- range of the records in the block, next pushing of GO selects previous block,
Tim- the beginning of the measurement, next pushing of GO selects previous block,
Sti- sampling time,

Bcg- the background, next pushing can change value of background,

Cmt- a comment in a numeric furm, pushing GO vne can change the value,

Cal- the calibration constant.

7.6 - SubMenu Del- deleting the last block

By selecting Del- service on the bottom line of the display and pressing GO button, the
following text appears on the display and then it is possible to delete the last block:

Are you sure ?
-- No = No< Yes
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8.0 — Technical notes
8.1 - Contamination of the Radim3A monitor

It has been found that the background increases after prolonged use of the Radim 3A
monitor. This increase is caused by accumulation of " Pb on the surface of the detector (other

instruments are affected by this phenomenon too). The ratio of the accumulated activity as, to
the radon activity ax, can be described approximately by the relationship:

l|I —
a.F‘b ! aa’hl _‘}“F"

i

r =0.032/ year (K1)

Under the assumption that the efficiency of the detection of o-particles emitted by RaA and
“"Po is the same (practically the same energy) the following values are obtained for the
background after measuring of radon ag, for a period of one month:

dpn {kqu’mJ] 5 10 50
ag (imp/h) 13 27 13301

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

Effect of the background on the precision of the measurement:

During the measuring time, the number of impulses is measured, described by the symbol
MNg.s, where index B indicates the background and index 5 is the index for the sample. The
counting rate of the background is determined from the number of impulses N'y, which is
measured during an interval with length

N=Np,s—Nytelty=Np+N—Nptolt, (K2)

and the dispersion ¢ of the thus-determined number of impulses is then described by the
relationship:

=N AN+ Nt St (K3)
This relationship can be rearranged to the form:

=N+ Nyrolty 1410ty (K4)
and, after introducing the frequency of the background ng, which is equal to N'wis, the final
furm is ubtained:

g =N, a0 i) (K5)
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The statistical error is usually expressed as:

s =" #1pnlag)
j'l,'.T

for which the following modifications:

2
4] 1  ngl 1 Ng
—:=—+%|1+rSJ"r].E_=—-[1+—”_1+r£1-’rﬂ|l
N5 Ng ngtg nSrSl s [
vield the relationship:
i . L1142
1 Mg |
5= rliz _.B|:L+_:l
N, Ny, Ly

the counting rate of impulses ns (imp/hour) is given by the relationship:

n:’ =d.ﬂr|k

where ag, is the concentration of radon (Bg/m®), and
k is the response of the instrument equal to 0.8.

(K&)

(K7)

(K3)

The selection standard deviation s (%) was calculated for various levels of concentration and

background. The results are given in Tables K1 and K2,

Table K1 - The standard deviations for tg = 0.5 h and ts = 0.5 h.

ar, (Bg/m™): 50 100 200 500 Backgroumd (irmnvh)
5 (%) 20 14.9 10.5 6.7 0
s(%) 21 15 10.6 6.7 0.5
5 (%) 22 15.2 10.7 6.7 2
5 (46) 25 16.5 11.1 6.8 10
5 (%) 29 17.9 11.6 7 20
5 (%) 49 26.8 15.3 8 100
Table K2 - The standard deviations for ts = 0.5 hand ts = 1 h.
ar, (Bg/m™): 50 100 200 500 Backgruund (imyh)
s (%) 15 10.9 7.5 4.7 0
5 (%) 15 10.6 7.5 4,7 0.5
5 (%) 16 10.8 7.6 4.7 2
5 (40) 15 12.1 8.0 4.8 10
5 (%) 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 detector, it is necessary to shorten the
measuring time for high activities to a minimum, i.e. at the beginning of the
measurement it is useful to determine the activity level and, if this is greater than 20-30
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kBg/m®, the measurement should be shortened to several days.

— when measuring low activity levels, i.e. concentration of less than 100 Bg/m’, it is
essential to prolong the measuring time to at least 1 hour and to measure the background
for several hours in an environment where the concentration of radon is known to be low.
It is useful to measure the background at least 5 hours after the monitor was placed in the
area with the high concentration of radon.

— when the background is higher than about 200 imp/hour, contact the manufacourer, who
will replace the detector,

8. 2- Determination of the ventilation coefficient.

When the method of mitigation of a dwelling against radon risk should be proposed it is very

useful to know the air exchange rate ( thereinafter ventilation coefficient) and rate of radon

entry into a room.

When the rate of radon entry can be expected stable ( there are no day- variations of radon

concentration and the difference between internal/external temperature is high) there is

possible to realise the following experiment:

1. The radon concentration should be measured for several days to find if it is stable within

about 20%.

2, The studied room must be ventilated substantially. During the ventilation the Radim3A
should be placed into the room to measure for several hours ( the sampling time should be
(1.5 hour) * zero™ radon concentration.

3. Then the room is closed and the growth curve is measured. It is very useful to reach
equilibrium radon concentration ( estimation of needed time is given below).

The rate if radon entry and ventilation coefficient can be determined from the measured

growth curve.

Theory:

the change in the radon concentration da is given by the differential equation:

da =R?d1‘ - lade - Aadt (T1)

where a is the radon concentration (Bg/m™)
R is the rate of radon entry into the room {Bg/hour)
| is a constant characterizing the rate of air change — ventilation coefficient (h™)
V is the valume of the room (m®
| is the decay constant of radon, equal to
In 2/T1/2 =0.008 h-1.
Assuming that the rate R and ventilation do not change during the test period, the differential

equation has a sulution in the form:

- R
a-VHH'.][l exp (1+A)t] (T2)

This equation contains two unknowns: rate R and the wentilation coefficient 1. These
quantities are determined from the radon concentrations activities a measured at times t
by using the method of regression analysis to fit a curve to the measured values, where this
curve has the form:

a,=a,[1—exp (—nt, )] (T3)
and constants a, and n are determined, which can be used (o determine the required rate R
and ventilation coefficient 1. The latter usually has a value between 0.1 and 0.5 h™. The
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following table gives times T at which the term 1 - exp{(-nT) attains value P at various
ventilation coefficients I:
Tab. 1: Time T (h) required to attain the required values of  1-exp(-nT))

{1-exp(-nT)): 0.1 (.63 0.9 (.95
I=0.1 h* (.58 9.3 21 28
1=0.3 h'* 0.3 3.2 7.0 8.7
=05 h 0.2 2 4.5 5.9

The success of the experiment depends on whether is possible to obtain a sufficient
number of results with small statistical errors, from which both the equilibrium activity a
and the initial increase can be determined. The numerical analysis can be greatly simplified if
the value of a; can be determined in the first step. This requires the determination of several
experimental values of a; in an area where the activity no longer changes greatly. Except for
very low ventilation coefficients around 0.1 h , it is sufficient to select an overall measuring
time of about 12 hours to determine these points on the growth curve (see Tab. 1), It is then
important in the estimation of the shape of the beginning of the growth curve that the period
of the cycle be as short as possible. As mentioned above, this requirement is contradictory to
the requirement of attainment of a sufficiently low statistical error. An interval of 30 minutes
seems a reasonable compromise.
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9.0- PC program for reading, evaluation of data and remote control of Radim3A

The program is intended for collection and storing of data from the Radim3A monitor, Tt
works in the Windows 95/98/T environment,

The minimum PC configuration must comply with the following requirements:
aperating system for Windows 95 and higher

486 and higher processor

16 MB RAM

VGA graphic card

1 x RS232

1 = LPT,

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

9.1 Intreduction

9.1.1. Installation

As this is an application for Windows 95 and higher, the applications should be
installed in the standard manner used for these systems.
The program should be installed in the following manner:
The CD disc contains the SETUP.EXE program. After turning on the program, it is necessary
to follow the installation program. After entering the place of installation, the program begins
to install itself automatically and the program announces the end of installation.

9.1.2. Description of the program

The program works in two basic modes, OFF LINE and ON LINE. If the instrument
is not connected to the PC, the text OFF LINE appears in the bottom line on the left of the
Main Panel- see later. In the OFF-LINE mode, the operator can view stored data and store
data in files, In the ON-LINE mode, in addition to the above functions, communication with
the instrument function can be set, the data is read from the memory and the monitor
Radim3A can be controlled by PC.
When the PC program is started the small window with the Main Panel appears in your
computer- see Fig.5. Before connection of Radim3A with PC use the service Set to set the
number of communication port , i.e. COMI1 or COM.,
After connection ol the PC with the Radim3A the small icon, placed the lower comer of the
main panel, denotes connection of the PC.

The following operation can be selected in the main panel:
- load data from the file,

- save data to the file,

- read data from Radim3A,

- show graph of the whole active block,

- show data table of the active block,
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- show data overview ( the list of the blocks)

- File- operation with the files,

- Remote- information about Radim3A parameters, data read from Radim3A, remote
control,

- Set- selection of the number of the communication port and exported data format

Fig.5- The main control panel

Selection of
the number
of the block

Ser number of COM
export data format

View graph or data table
Control of Radim3A parameters

N

The lisr of the
blocks

Remote control etc.

Rout

Directory, '« Radim 3A control center
Data Export File Remate View Set Help
elc

82| S| Em| @ sos [ 4 ones -
[T = 120 665 (001 [unsaved =

Radim3A

Table of the selected

Read data parameters bluck
from the file
Remote | W
Save data in control Graph of the
the file selected block

Read data from
Radim3A

9.1.3- Reading data from Radim3A:

Use the service Remote and then Data or to click to the icon “Radim3A” to read all memory.
Starting this service and the small window is depicted:

Fadim J& respote dolo g

Do (01 158 eoads m 7 biocks

and after selection “ Read data” appears the window:

Radim JA remote dato .G(|

Aacoeds
Bock: I

Dervice 001 199 wecody n 7 blocky |7 Cancal |
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9.1.4-Information about the blocks:

When icon “i” is used the list of the blocks is depicted. 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 Main Panel ( see above) or in the list of the
blocks (icon “i”) where it is possible to mark the needed block.

9.1.6-The graph of the selected block:

The graph can be depicted using the icon in the Main Panel or using service View- see Main
panel. After selection of the service the following appears in the window:

Fig.6- The graph of selected block

Selection of

The number The information 2

of the bluck about the block il e
humidity etc.

' '\n‘ / “\/\ ﬁ%rv\ “\'/ \b'"."- 3 f'\ IJ r N
J)\/’ \ \.,// \7,-._\// ‘\J L—\w 'r"\w \[\nv-v.\"h\// \/\j o

100

20800 20AD 20906 20000 20306 20004 20306 230400 00904 23090t 220304 230
Z3n 0230 %30 1030 LR 1830 23 030 0230 m3in 1430 1’

The value of concentration ( counts etc), number of the record, date appears in this windows
when the “cross” is moved in graph.
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9.1.7-The data table of the selected block:
The data tahle can be depicted using the icon in the Main Panel or using service View- see
Main panel. After selection of the service the following appears in the window:

Fig.7- The table of the selected blouck

+ Radim 3A data table - [O] x|

File B.OI1  Window

Block Is_ﬂ oAyt S CPPAR adimhE xet R 2400001 \new_ujata.rBd BES recards in 12_ blocks
47 records Sample time= 00:30:00 Drevice 007
Begin 16.08.2004 09:53:31 End 17.08.2004 032331 Block length=  23:30:
Background= 0 cnt/30min Cal= 09800 Corment; E5535
Record |Date & time Black time |N [ont]  |Conc.[Ba/m3]|p [bPal|T [°c1[En [s1an rg/maz| =
1 16.08.2004 09:53:31 ooz00: | 1158 £ 34 2377 £ 69 995.8 21.8 54.7 10.6
2 16.08.2004 10:23:31 O0=30: 13250 x115 27324 £ 236 995.7 21.8 58.3 11.3
3 16.05.2004 10:53:51 Ol=o0: | 9538 £ 9§ 19719 £+ 201 994, 7 z1.9 60.1 11.7
4 16.08.2004 11:23:31 0l:30: 3845 £ 62 94T £ 127 994, 7 22.0 59.4 11.7
5 16.08.2004 11:53:31 OzZ=o0: | 1933 + 45 4102 + 9l 994, 4 21.9 60.3 11.58
] 16.05.2004 12:23:31 0zZ:30: | 1768% + 42 3665 £ &6 994.0 z1.7 62,3 1z.0
7 1
& m Select all Chel+, 3
Sef as FLELH L e
10 0 et as L end s
L1 | o0s:00: | 1 {CEEREE] :
1z FiEfiest ast F 0| 92.1| zl.a| 66.7
13 16.08.2004 15:53:31 Og:=00: 1i Data Export Cirlae 91.9 21.4 67.5 12.8
14 16.08.2004 16:23:351 0g:30: 1995 £ 44 953 £ 90 09l.4 zl.4 67,6 12.8
15 16.05.2004 16:53:351 a7:0o0: | 1948 + 44 4055 = 91 991.4 zl.4 6&.1 12.9
16 l6.08.2004 17:23:31 07:30: 1985 + 45 4137 £ 92 991.3 21.3 68.6 12.9 ‘:J

It is possible 1 mark (ime interval using the lelt button of the mouse. Suriking the right
button of the mouse une can determine the R.OUL ( see laten).

9,1.8- Determination of the R.0O.1.;

Very often it is useful to evaluate the results from limited time interval, e in Region Of

Interest { R.0.1.- system). Tt can be done in the graph or in the data able.

Determination R.0.1. in the graph:

1. place the cross in the beginning of the needed time interval

2. pushing the loft button of the mouse and keeping the button move to the end of the time
incerval

3. push the right hatum of the mouse and program offers the following passibilities:

- Setas RO,

- Refrash last R.OLI.

- Selecrall, i.e. all data from the black.

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

W Y

M504 M0A0E 200904 210304 220304 220906 230804 230304 240504 240904 250908 Ly
| Tk wm  ®® an» BN 2® 6N NN ®D AN EA

= mJ Ll RN !

If the service “Set as R.O.I” is chosen it is possible to get the statistical results of the R.O.L
clicking the icon “Show statistics” ( the upper right corner of the window) and selecting the
version “R.0O.1. only” ( see the icon in the left side, lower line) Then the following window is
depicted:

Fig.9- The graph of the R.O.I.
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Determination of the R.O.L. in the data table of the selected block:

Click on the icon “data table of the hlock™ placed in the Main panel, using the left button of
the mouse, mark the time interval- records of the future R.O.1. and then push the right button
of the mouse. When you choose “Set as R.0.1.” the statistical treatment of the R.0.1, appears
in the lower part of the window:

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

Y« Radim 3A data table _ O] x|
Fle ROI Window '
Block [g_'ﬂ C \IVWACPPAR adin\E x=\R 3400001 \niew_cata 13d 655 reconds in 12 biocks
sl 47 recoics : Sanpletme= 0030000 Device 001
Begin  16.08.2004 0953 End 17.08:2004 09:23:31 Block length=  23:30:
Background= 0 ent/20min CAL- 08600 Comment: 65535
Record [Dace 4 time |Block time |N [ent]  [Conc. [Bq/w3) [P (nPa)|T [*c)|Rn [%)[an [g/n3)| A
1 |i6.08.2004 09:53:3) 00:00: 1158 + 34| 2377 & 69| 995.8 21.8 54.7 10,6 =
2 |i15.08.2004 10:23:31 00:30: 13250 1115 27324 £ 236 0995.7 21.8 58.3  1L.3
3 |i5.08.2004 10:53:31 1:00: ©536 + 98 19719 & 201| 994.7 21.9 60.1  iL.7
4 |15.08.200a 11:23:31 C1:30: 3845 + 62| 7947 + 127 994.7 22,0 59.4  1l.7
5 |16.08,2004 11:53:31 02:00: 1983 + 45 4102 £ 91 994.4 21.9 60.3  1iL.8
& |i15.08.2004 12:23:31 02:30: 1769 + 42| 3665 + 86 994.0 21.7 62.3  12.0
7
8 |15.08.2004 13:23:31 03:30: 1752 + 42 3636 &£ 86 992.9 21.6 64.0 12.3
9 |16.08.2004 13:53:3) C4:00: 1802 + 42 3742 & 87 992.6 21.5 64.9 12.4
10 Ji6.08.2004 14:23:31 C4:3C: 1787 + 42| 3714+ 87 992.5 21.5 65.6 12.5
11 |16.08.2004 14:53:31 05:00; 1864 + 43 3917 £ 89 992.5 21.4 ©6.2  12.5
42 |16.08.2004 15:23:31 05:30: 1643 + 43| 3834 £ 88 992.1 21.4 66.7  12.6
13 |16.08,2004 15:53:31 06:00: 1672 & 43| 3898 & 89| 9919 214 67.5 12.8  of
' R.0.L statistics: 8 recoids selectad Begn 16082004 125331  End 16082004 155331  Lengh 0300 '
1811 3762 992.7| 21.5  65.1| 2.4
46 o8 0.4 0.1 1.4 0.2
1752 3636 992.1 21.4 63.1 12.1
1884 3917 B 6 50 iz
1802 3742 992.6 21.5 65.6  12.5
1799 3729 992.5 21.5 64.9 1z.4

9.2.1- Saving the results in PC:

In the first step is useful to determine the directory, in which the data will be saved. Use the
service “ File” — see Main Panel and select “Data Root Directory”- the small window shows
the path where data will be saved, for instant the path can be: C\Vlach\Data. In the following
window you can see two sub-directory “R3A0001" and R3A0002”. Explanation: each
produced monitor has production number which is kept in the memory for instant R3A0001.
Results of measurement of the used monitor are then automatically stored in the
corresponding directory.
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Fig.11- Saving the results in a file
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9.2.2- Export data to Excel (Word or similar)

The recommended procedure:

1.
2.

3.

0

In the data table of the selected block mark the R.O.L

Find the “Set” service in the Main Menu and then select service “Export format™. The
window is depicted in Fig.12.

Now it is possible to select what we want to export (concentration, counts, etc) and to
adjus( the format.

In the Main Menu the service “File” must be found and then the service “Data Export”.
The similar window, as it is given in Fig.11, appears and then it is possible to write the
name of the file but with extension “.esv”,

To open the file in Excel or Word one must follow the proper path, for instant in our case:
C'Wlach' Data\R3A0001 and to find saved file with the name and extension csv in the
sub-directory R3IAQ001 {or similar).
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Fig.12- Set the export format
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9.3.0- Information about the monitor parameters.
In the Main Panel select the icon of “Radim” with “i” and the following window is depicted:

Fig.13- The monitor parameters
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9.4.0- Remote control

In the Main Panel select the service Remate and Control and the following window is
depicted:

Fog.13- Remote control of the Radim3A monitor

Radim 3A remote control

Setting of
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Setting of the
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mode

Elapsed Counts Start the
time measurement

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