12 Garden Street © Danvers © Massachusetts 01923 o $O08,/974- 1880
FAX S08/774-§202

TELEX 951464

O30~ 31414

NUCL IEECGULATORY COMMISSION
475 A..¢ndale Road
King of Prussia, Pennsylvania 19406

Attention: Chris Eckert

Dear Mr. Eckert:
application (Main Control No. *11643)

We wish to withdraw ou
Promethium 147 source from Amersham

for a license to use a 2 mC

.
a 4 L 1
in conjunction with the Ambertec Formation Tester.

Yours truly,

~

M/K SYSTEMS, INC.

0IK/a
¢} John D. Kinneman, NRC
Antero Komppa, Ambertec Oy
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Ge271 GERCO, Finkend
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Date  April 08, 1990 m 5 i /é
Mgt/ )

U.S. Nucleer Regulatory Commission
Regloa 1
Attn ¢ Joba D. Kinnemae
Chief, Nuclear Materiels Sefety
478 Allendele Road
King of Prussls
Penunsyivania 19408
U.8.A.

RE: AMBERTEC Beta Formation Tester

Dear Sir,

I just got & copy of your letter to M/K Systerns Inc, (date¢ Mar.05,1990,
Docket No, 030-31314, Control No. 111643). 1 would like to comment on
some of the topics in the order mentioned in your letter,

The sealed Promethium sources in question are made by Amersham
International, UK. and imported to US.A. by Amersham Corporation
(Hlinois, contact person: Mr. Hugh Evans). The activity of the source is 3
mCi und the active material is encapsulated in a type PHC.32 capsule.
According to the manufacturer the source is a mixture of promethium
oxide and silver that is sandwiched between thin palladium and silver

layers.  Amersham International supplies the sources under type code
PHCK 3556.

The gauge s used for measurement of formation of paper (i.e. the basis
weight distribution of paper in a very small scale). The source is an
integral part of the tester and is located inside the tester in such a way
that the user may not have access 10 the source without special tools (e.g.
an Allen key screwdriver of suitable size).

M/K Systems Inc. is a distributor of the tesier in the U.S.A. The tester
will be soid mainly to papermills and it will be used by per onnell
(technicians) that are authorized by NRC 1o use radioactive sources.
Thus the customer’s personnell already do possess the basic knowledge in

radiation safety, ///é’yg

The beta radiation source in the tesier will be replaced every third year.
The mill persounell in charge of radioactive material will carry out the
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work according to instructions given in the nianual of the tester (see &
copy enclised). M/K Systems Inc. could also safely install the source into
the tester according to these instructions.

All servicing of the tester will be carricd out by AMBERTEC Ltd
specialists, in Finland,

M/K Systems Inc. will provide operator training, too. However, please,
note that the customer’s operators in question already do poscess the
knowledge in radiation safety.

1 have personally trained Dr. Kallmes to usc the tester as well as to
install and to handle the promethium-147 source. The traiuing was
carried out twice (in June 1989 in Finland, for 2 days and in October
1989 in Switzerland, for a half day).

AMBERTEC Ltd is authorized 10 possess and to use the above sources
Ly the Finnish governmental office for radiation safety (STUK,
Sateilyturvakeskus, license nr. 4136/1.1/89).

In the wralnlug we have covered all the opivs noccssary.

- The principles of radiation protection and good safety practices (see the
copy of the manual, as well).

- Biological effects of radiation (with the Pm-147 source in question the
radiation will easily be stopped by clothing or the outest layer of skin: the
radiation will not penetrate through a material layer of 350 g/m2).

- Handling of the Pm-147 souice

- Frocedures for performing the services requesied and

+ Actual practices in performing the services

We have only very slightly covered the radioactivity measurements and
use of detection instruments or monitoring techniques: as the source is a

sealed one and a very tiny one the Finnish (STUK) and the Swedish
(SS1) governemental offices do not require 8 monitor or & dosimeter ot
all.

I suppose that the Item 8. in the M/K application states the pumber of
customers for which the training is given. 1 repeat the point (Item 3,
above) that the users have qualification in radietion safety already and the
M/K systems only provides the necessary special skills for the use of the
tester.

Basically the M/K representative will teach the information given in the
operation manual (copy enclosed).

No commens.

Basically, the purchaser will be in charge of the sources (purchasing,
installation, returning the depleted sources etc.). As already mentioned in
our Item 3 above, the people in charge of the use of the tester do have
qualification in radiation safety. Hence, the ordering, receipt, installation,
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safe handling and return procedures are familiar to them already. | am
sure you do know that the mills do use much stronger sources in the

paper machine on-line basis weight gauges (usually containing krypton,
strontivm or thallium isotopes).

The sources are ordered from Amersham Corporation according to the
type code above (PHCK 3556, 3 mCi Pm-147 ir “"HC.2Z type capsule
X110). Mr. Hugh Evans ut Amersham will be in ciarge of the deliveries
(we have already Hught the PHC.32 sources from Asnersham
International for about 25 years).

The source wiil be delivered in a tin can, containing a lead can, according
to the safety precsutions. The purchaser is advised to store the can as
well as the documents enclosed with the source. The old decayed source
will then be returned to Amershum Corporation in the original package.

The leak testing will be carried out by the suppler of the source,
Amersham Corporation,

The manufacturer, Amersham International carries out both a wipe test
and an immersion test for cach of the sources,

According to NRC NR-129-D-101-S (page 4) the source shall be leak
tested at intervals of max. 6 months. The licunse does not give any
statement on the type of the leak test but mentiones that the detection of
the presence of 0,005 microcuries of the radionuclide must be possible.

The leak test will be carried out by Amershain Corporation. The
possible decontamination procedures as well «s the handling of the
possible leaking source is done by Amersham Corporation, not by M/K
systems.

The source is in a solid form, sandwiched between solid silver and
palladium foils. The source itself is fixed into a cavity ut the end of a
stainless steel rod (the PHC.32 capsule). The source is placed inside of &
solid brass source holder with & collimator hole of 1 mm in diameter.
Above the source holder is a solid brass sheet pressing cup and the
aluminium tube containing the scintillation detector. Thus it is practicaily
impossible to reach the source during & normal operation and there has
been no case of a leaking or a damaged source during the 25 years we
have been using these sources.

The AMBERTEC Beta Forr: .ion Tester, conta,ning « five millicurie
Pm-147 source was examined: During the use ‘4 the tesier no external

of the tester. Scatted radiation (1.7 millirem per hour) was measured for
an empty meassuring gap at 10 em distance. Contact dose rate at the
collimator opening (with the collimator removed from the tester) was 60
millirem per second and the contact dose rate for the 5 mCi source was
12.5 rem per second.



S .
.

As the radiation of the Pm-147 source i very soft beta, on ; l G
tesiers will be able to deiect the radiation, AMBERTEC uses &
BFRTHOLD LB 1200 -tester with & specinl window for the soft beta.

In the Scandinavian countries no radiation testers will be required. The
NRC license NR-129-D-101-8 neither does specify any tesier necessary.

Please, note, that the source is of Promethium-147 and the activity is 3
mCi only, As mentioned in ltem 9, above, during the use of the tester
no external radiation above the background can te found on the
accessible surfaces of the tester. Therefore no personnell radiation
dosimeters will be necessary.

The source will be removed for leak testing twice a year and the
removal/installation will tuke about 30 seconds ut the most. The removal
and installation of the source will be performed by mill personnell in
charge of the radiation safety, authorized by NRC or Agreement States.

&s mentioned above in liem 3 all necessary servicing of the tester will be
carried out by the manufacturer, AMBERTEC Oy (Ltd.) in Finland.

M/K Systems Inc. will use and train the operators Lo use the tester in
accordance with the manufacturer’s specifications and instructions.

As mentiuncd above, in ltem 5, M/K Systems Inc. will provide the
operator training necessary for the customer. The topics include the
radiation safety, handling ¢ lie source, installation and removal of the
source, the use and the calibration of the tester uaccording to the
operation manual (copy enclosed).

I enclose a copy of the original documents sent to NRC for the
registration of the tesier that will provide you more information about the
tester in question.

You do state in your letter that you would ¢lose the procedure in case of
no reply within 30 calendar days. As | received the copy a couple of
days ago, 1 wirh that you would, however, still consider the case if M/K
Systems Inc. would still like to proceed.

Should you have any comments or questions about the tester or about
our quilification, please do contact us either via telephone or telefax -
the mail takes up 10 a couple of weeks to reach us.

Sincerely
AMBERTEC Oy (Ltd)

/Q) \
\Ji/ﬁ(ﬂf-@@@%
‘ Antero Komppa

M.Sc.(Eng.), Chairman ///é yg

ce. Dr. Otto Kallmes, M/K Systems Inc. APR @9
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Date April 06, 1990 Mc:)'\(ﬁ
LA

U.S. Nuclear Regulatory Commission
Region 1
Attn : John D. Kinneman
Chief, Nuclear Materials Safety
475 Allendale Road
King of Prussis
Pennsylvania 19405
U.SA.

RE: AMBERTEC Beta Formation Tester

Dear Sir,

I just got a copy of your letter to M/K Systems Inc. (dated Mar.05,1990,
Docket No. 030-31314, Control No. 111643). | would like to comment on
some of the topics in the order mentioned in your letter,

1) The sealed Promethium sources in question are made by Amersham
International, UK. and imported to US.A. by Amersham Corporation X~
(llinois, contact person: Mr. Hugh Evans). The activity of the source is 3
mCi and the active material is encapsulated in & type PHC32 capsule.
According to the manufacturer the source is a mixture of promethium
oxide and silver that is sandwiched between thin palladium and silver
layers. Amersham International supplies the sources under type code
PHCK 3556.

2) The gauge is used for measurement of formation of paper (i.e. the basis
weight distribution of paper in a very small scale). The source is an
integral part of the tester and is located inside the tester in such a way
that the user indy not have access to the source without special tools (e.g.
an Alien key screwdriver of suitable size).

3) M/K Systems Inc. is a distributor of the tester in the U.S.A. The tester
will be sold mainly to papermills and it will be used by personnell
(technicians) that are authorized by NRC to use radioactive sources.
Thus the customer’s personnell already do possess the basic knowledge in
radiation safety,

The beta radiation source in the tester will be replaced every third year.
The mill personnell in charge of radioactive material will carry out the
OFFICIAL RECORD COPY ML 10 11643
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work accordmg to instructions given in thc manual of thc tester (scc a

copy enclosed). M/K Systems Inc. could also safely install the source into
the tester accoiding to these instructions.

All servicing of the tester will be carried out by A' BERTEC 1Lid
specialists, in Finland.

M/K Systems Inc. will provide operator training, too. However, please,

note that the customer’s operators in question already do possess the
knowle dge in radiation safety.

I have personally trained Dr. Kallmes to use the tester as well as to
inftall and to handle the promethium-147 source. The training was

carried out twice (in June 1989 in Finland, for 2 days and in October
989 in Switzerland, for a half day).

AMBERTEC 1id is authorized to possess and to use the above sources
by the Finnish governmental office for radiation safety (STUK,
Siteilyturvakeskus, license nr. 4136/1.1/89).

in the training we have covered all the topics necessary:

- The principles of radiation protection and good safety practices (see the
copy of the manual, as well).

- Biological effects of r: diation (with the Pm-147 source in question the
radiation will easily be stopped by clothing or the outest layer of skin: the

radiation will not penetrate through a material layer of 350 g/m2).
- Handling of the Pm-147 source

- Procedures for performing the services requssted and
- Actual practices i. performing the services

We have only very slightly covered the radioactivity measurements and
use of detection instruments or momtonng tcchmqucs &s the source is a
sealed one and a very alny one the Fig : : |

I suppose that the Item 8. in the M/K application states the pumber of
customers for which the training is given. 1 repeat the point (Item 3,
above) that the users have qualification in radiation safety already and the

M/K systems only provides the necessary special skills for the use of the
tester,

Basically the M/K representative will teach the information given in the
operation manual (copy enclosed).

No comments.

Basically, the purchaser will be in charge of the sources (purchasing,
installation, returning the depleted sources etc.). As already mentioned in

our Item 3 above, the people in charge of the use of the tester do have
Qualification in radiation safety. Hence, the ordering, receipt, installation,




safc handlmg and return proccdurcs are famlhar to them already l am
sure you do know that the mills do use much stronger sources in the

paper machine on-line basis weight gauges (usually containing krypton,
otronmum or thailium isotopes).

he sources are ordered fron, Amersh~.q Corporation according to the
type code above (PHCK 3556, 3 mCi Pm-147 in PHC.32 type capsule
X110). Mr. Hugh Evans at Amersham will be in charge of the deliveries
(we have already bought the PHC.32 sources from Amersham
International for about 25 years).

The source will be delivered in a tin can, containing a lead can, according
t0 the safety precautions. The purchaser is advised to store the can as
well as the documents enclosed with the source. The old d. ayed source
will then be returned to Amersham Corporation in the original package.

The leak testing will be carried out by the supplier of the source,
Amersham Corporation.

The manufacturer, Amersham International carries out both a wipe test
and an immersion test for each of the sources.

According to NRC NR-129-D-101-S (page 4) the source shall be leak
tested at intervals of max. 6 months. The license does not give any
statement on the type of the leak test but mentiones that the detection of
the presence of 0,005 microcuries of the radionuclide must be possible.

The leak test will be carried out by Amersham Corporation. The
possible decontamination procedures as well as the handling of the

possible leaking source is done by Amersham Corporation, not by M/K
systems.

The source is in a solid form, sandwiched Hetween solid silver and
paliadium foils. The source itself is fixed into a cavity at the end of a
stainless steel rod (the PHC.32 capsule). The source is placed inside of a
solid brass source holder with a collimator hole of 1 mm in diameter.

.. ve the source holder is a solid brass sheet pressing cup and the

alu ‘mium tube containing the scintillation detector. Thus it is practically
impossibie to reach the source during a normal operation and there has

been no case of a leaking or a damaged source during the 25 years we
have been using these sources.

The AMBERTEC Beta Formation Tester, contammg ﬁyg_mmignm
Pm-147 source was examined: During ) este
mmwmwmmmmm
of the tester. Scatted radiation (1.7 millirem per hour) was measured for
an empty meassuring gap at 10 cm distance. Contact dose rate at the
collimator opening (with the collimator removed from the tester) was 60

millirem per second and the contact dose rate for the 5 mCi source was
12.5 rera per second.
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As the radia!i f ‘ f ta, only some scial
testers will be able to detect the radiation. AMBERTEC uses a
BERTHOLD LB 1200 -tester with a special window for the soft beta.

In tne Scandinavian countries no radiation testers will be required. The
NRC license NR-129-D-101-S neither does specify any tesier necessary.

Please, note, that the source is of Promethium-147 and the activity is 3
mCi only. As mentioned in [tem 9, above, during the use of the tester
10 external radiation above the background can be found on the

accessible surfaces of the tester. Therefore no personnell radiation
dosimeters will be necessary.

The source will be removed for leak testing twice a year and the
removal/installation will take about 30 seconds at the most. The removal
and installation of the source will be performed by mill personnell in
charge of the radiation safety, authorized by NRC or Agreement States.

As mentioned above in Item 3 ali necessary servicing of the tester will be
carried out by the manufacturer, AMBERTEC Oy (Ltd.) in Finland.

M/K Systems Inc. will use and train the operators to use the tester in
accordance with the manufacturer’s specifications and instructions.

As mentioned above, in Item 5, M/K Systems Inc. will provide the
operator training necessary for the customer. The topics include the
radiation safety, handling of the source, installation and removal of the
source, the use and the calibration of the tester according to the
operation manual (copy enclosed).

I enclose a copy of the original documents sent to NRC for the

registration of the tester that will provide you more information about the
tester in question.

You do state in your letter that you would ciose the procedure in case of
no reply within 30 calendar days. As I received the copy a couple of

days ago, I wish that you would, however, still consider the case if M/K
Systems Inc. would still like to proceed.

Should you have any comments or questions about the tester or about
our qualification, please do contact us either via telephone or telefax -
the mail takes up to a couple of weeks to reach us.

Sincerely
AMBERTEC Oy (Ltd)

, » 7 SR AN
AN Z NG NIY = =2
* Antero Komppa N
M.Sc.(Eng.), Chairman

ce. Dr. Otto Kallmes, M/K Systems Inc.
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APPLICATION POR RADIATION SAFETY EVALUATION AND REGISTRATION

1. SUMMARY DATA

Date : June 16th, 1989
Applicant AMBERTEC Ltd., P.O.Box 5B, 02271 Espo., Finland
(Manufacturer)

Contact: Mr. Antero Komppa, M.S8¢.(Eng.), Chairman
Phone: +358-0-882 902
Telefax: +«358-0-882 963

Device type : Formation tester (off-line basis weight gauge for
laboratory use)

Model Type BFT-1, all testers are numbered according to :

mmyyopon, (e.g. 0589009)
where mmsmonth, yys=year, nnn=serial number

Other companies involved :
M/K Systems Inc., 12 Garden Street, Danvers,

Massachusetts 01923
(Distiibutor)

Contact: Dr. Otto Kallmes
Phone: 508/774-1880
Telefax: 5087774-5202
Telex: 951464

Radiocactive source model:
Amersham PHC.32, Pm-147, capsule type X110
Distributor : Amersham Corporation, U.S.A.

Radionuclides and maximum activity :
Promethium-147, activity 5 mCi ¢ 20%

Leak test frequency :
The sealed sources will be leak tested by the manu-
facturer (Amersham International, U.K.)
See Appenlix A.

Princip. . use codes : E : Beta gauges

The device is proposed for use under a general
license.

The device is not a custom one.

:MIERY!C Oy Puh.  Tel 1 Tetetax Pankii  Bank Ly

O Box 58 (90) 882 902 (90) 882 983 SMHOP §72115 12707 08570450
Hannuksenkujs 0 M 37 int. +368-0-882 902 int. -+ 368-0-882 980 KOP 111210-133862

SFR271 ES SYP 220006-8285

Finlan¢ PSP 500491



2. SUMMARY DESCRIPTION

The AMBERTEC Beta Formation Tester 1s a basis weight gauge
aimed for off line use at paper will gquality control labora-
tories. The tester is used tc measure the basis weight
variation orf paper in a small sc.le and thus a very small

measuring aperture (1! mm in diameter) is used. See the
brochure (Appendix B).

The tester is us¢ at fixed locations typically in paper
mill laboratories by trained personnell only.

Desicn of the tester

The beta

The detector assembly consists of a scintillation counter
tube detector and of a collimator and source holder. The
rollimator and the source holder are mounted onto the lower
beam of a rigid aluminium frame and the detector with a
sheet pressing cup is mounted onto the upper beam of the
frame. The fastening of the detector prevents accidental or

unauthorized removal of the source. See the drawing in
Appendix C.

During the measurement the detector assembly is scanned over
the paper specimen eileways and the specimen is advanced a

step after each scan. All motions are performed using
stepper motors.

The tester has been designed in such a way cthat a number of
samples - sufficient for 8...30 hour measuring time - may be
simultaneously loaded into the testexr. The measurement is
carried out automatically without the need of an operator to
steand by. Even when measuring single sheets the operator
would load the teoster with samples every 10...20 minutes
only, depending on the measuring parameters used. An

operator with proper skiil loads the tester with samples in
less than 30 seconds.

source

The beta radiation source Amexrsham PHC.32 is a sealed one,
in an Amersham X-110 type capsule (a stainless steel rod,
length 10 mm, 2 mm in diameter; the active foil disc, 1.3
mm in diameter is fastened into a cavity at the end of the
rod) . The source holder is machined for the X110 capsule
only - no other size capsules (sources) may be used.

Please note

’ AMBERTEC sells and
delivers the testers unloaded only. The purchaser separately
buys the source and installs it to the tester.

Source holder and collimator

The beta source is placed inside the holder piece (see the

drawings in appendices C and D). The holder is screwed
inside the collimator and is secured to it's place using a
locknut. The holder, collimator and locknut are made of

solid brass. Thus the source is surrounded with solid brass
(at least 2.5 mm in thickness) all over except the




collimator hole (' mm in diameter and 2.5 mm in length). The
source will be retained in it's place even in the case of
fire up to the melting point of the brass collimator piece.

The source/collimator assembly is placed into a hole at the
lower beam of the detector frame. The collimator hole points
upwards (to the detector).

Collimator/detector assembly

On top of the collimator there is a solid brass sheet press-
ing cup, 59 mm in diameter, that slides up and down along
the detector tube collar (made of anodised aluminium).
There is a drilled hole in the cup, 3 mm in diameter point-
ing towards the collimator tube. The sheet pressing cup has
two fuuctions

firstly it acts like a shutter closing the measuring gap
and

secondly it presses the sheet against the collimator thus

preventing any measuring errors due to sheet fluttering in
the gap.

The detector is fixed into a collar that - in turn - is
secured onto the upper beam of the detector frame using
Allen key screws. Thus the beta source may not be acciden-
tally removed from the device.

Measuring gap

External

The measuring gap is adjusted to a height of 2 mm wit> the

sheet pressing cup at the topmost position (normaliy the
gravitation forces the cup down to the collimator). Thu a0

parts of the human body may have accects to the actual meas-
uring gap.

radiation levels

The tester has been tested by the Finnish and Swedish
governmental offices for radiation safety. Under normal use
no external radiation was observed even when using 8 mCi
sources that were available at that time. At the moment the

highest activity available through Amersham is 3 mCi in this
kind of a source.

According to measurements carried out by the Swed-
ish governmental office for radiation safety (SSI)
following levels of radiation were observed as the

tester was Joaded with a S5 mCi Pm-147 source :

Assembled device, measured as close to the beta
source as possible.

- dess_than 2 uSv/h with paper in the measuring
gap, i.e. with closed gap,

- 17 uSv/h ~ith totally open (2 mm), empty gap




- less than 2 uSy/h with totaily open (2 mm), empty
gap

pSv/lL = microsievert per hour
uSv/s = microsievert per second
1 uSv/h eqmals to 0.1 mrem/h (mR/h)

The measurements were carried out by S8SSI, Sweden,
using a Philips 2ZP 1430 GM tube with brass lens
(made by 88I) and a Bicron type Labtech scaler
ratemeter.

Experience with the testers

At the moment there are 16 devices with similar source and
detector arrangement in use at paper mills and research
laboratories both in Finland and in Sweden (see Appendix B
for the List of Referencesj).
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3.

DETAILS OF CONSTRUCTION AND USE

3.1 Conditions of Use

The tester itself does not set any special requirements for
the operating conditions. However, as paper 1is very hygro-
scopic all measurements of paper usually are carried out
under a controlled climate. Thus the temperature usually is
about 25 centigrades and the humidity about 50 per cent.
The climate is standardized all over the paper industry.
Therefore all Beta Formation Testers may be considered to be
operated approximately under the above conditions.

Due to the above the tester is installed in a fixed position
- usually in an air conditioned laboratory. The tester is
used by trained personnell with adequate skill; in most
mills other persons have restricted admittance only to the
laboratory facilities.

The measurement of a specimen will be done in about 10
minutes. The loading of a sample into the tester takes less
than 30 seconds by a properly trained operator. Normally the
tester is used to automatically measure multiple sheets (up
to 100 sheets at a time possible) or cross directional
strips of the paper web. Thus the operator usually loads the
tester once a day (or once per 8 hour shifct) only.

The approximate expected useful life of the tester is 15
years.

The source, the detector and the scaler are commercially
available products and thus may be found in other products
but very 1likely no parts of the AMBERTEC Beta Formation
Tester would be removed for possible other uses.

3.2 Details of Construction

See drawings in Appendices C and D.

The source holder and collimator are made of solid brass.
The holder will be screwed inside the collimator and secured
to it's place by a brass locknut. The source holder/col-
limator assembly seats in a hole on the lower beam of the
rigid detector frame made of solid anodised aluminium,

The source will be inserted inside the holder into a hole,
2.1 mm in diameter and 10 mm long. Only the Amersham X110
size capsule will fit in. To enable easy and safe removal of
the source a small hole, ' mm in diameter, has been drilled
to the lower end of the source holder through which the
source may be pressed out using a needle.

The diameter of the collimator flange is 35 mm and the upper
end of the flange is curved for easy insertion of the paper
specimen into the measuring gap. In the middle of the
flange there is a precisely machined collimator hole, 1 mm
in diameter and 2.5 mm in length. As there is no foil on
top of the hole some paper dust may enter the hole during a

5



longer period of time. For the dust removal there is a hole
drilled at the side of the collimator flange and a groove 1is
machined to the upper end of the source holder.

The dust is removed from time to time as follows
{the procedure has been given in Appendix G, sec:-
tion 7): a piece of board is inserted to the meas-
uring gap and the sheet pressing cup is lifted up
using the board. The nozzle of the air bellows
(pumpette) supplied with the tester is placed into
the hole aside of the collimator flange and a
couple of squeezes of air is pressed into the
collimator. Due to the meta) sealing of the source
no contamination of the dust has been observed
throughout the years of the testers in use.

The NE 810 DM1-1 (NE Technology Ltd, U.K.) detector is fixed
into a collar made of anodised aluminium and this, in turn,
is fixed to the upper beam of the detector firame using two
Allen key screws. Thus a tecol (suitable size Allen key only)
is -equired to obtain access to the source holder.

The sheet pressing cup (59 mm in diameter, of solid brass)
is precisely machined for easy sliding on the collar of the
detector tube. The hole for the beta radiation beam in the
middle of the cup is 3 mm in diameter. The brass cup acts as
a shutter that automatically closes the gap (by gravitation)
whenever there is no sample in the gap. As the cup also
presses the sample against the collimator to prevent the
sample sheet fluttering in the gap, the gap is virtually
closed even during the measurement.

The measuring gap height is adjusted to 2 mm. Due to the
dimensions of the pressing cup, the collimatonr and the
measuring gap no part: of a human body may have access to
the beam of radiation.

The detector frame is scanned over the sample sheet driven
by small stepper motors.

All of the above parts are precision made by efutomatic
machining units to ensure best possible precision of the
measurement.

3.3 Labeling
The yellow/magenta label (see Appendix E) is fixed on of
the left side cover of the scanner unit. The label i. made
of LEXAN plastics and is cemented onto the plastic cover. A
label, engraved in aluminium (see Appendix E) is attached to
the lower end of the source holder.

3.4 Testing of Prototypes
The tester has been used in varicus forms of prototypes (but
with the same measuring geometry and safety arrangements)
since 1975.
In May 1989 there were 9 sets of the AMBERTEC Beta Formation
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Tester in use in Scandinavia (Finland and Swede.., See Appen-
dix B for a list of references). These testers have been
tested and accepted by the local governmental offices for

radiaticn safety.

The tests carried out comprised the measurement of external
radiation of the assembled device as well as the one with
disassembled collimator/source holder (see 3.6 Radiation

profiles).

As mentioned above in 3.2 the height of the measuring gap is
2 mm, The beam, collimated to 1" mm in diameter is in the
middle of the brass sheet pressirg cup, 59 mm in diameter.
Due to these dimensions the user does not have access to the

beam.

The cup both acts as a shutter (by gravitation) and reduces
measuring errors by keeping the sample paper sheet well
pressed against the collimator. As this simultaneously
virtually closes the gap even during the measurement no
radiation will escape cutside the measuring gap.

E.g. in Sweden it is required that the source would not get
lost even in the case of fire. The all brass construction
of the collimator/source holder piece has been considered to
be sufficient to fulfill this requirement.

3.5 Quality Control

All the mechanical parts of the tester (i.e. the specimen
scanner unit with the source/detector assembly) are manufac-
tured in series of 50 each in numerically controlled automa-
tic machining units. The machining programs are stored and
used for successive series. Thus all of the testers are
mechanically identical as precisely as possible.

All testers are assembled by AMBERTEC. Each tester is tested
(run) €or two weeks, loaded with a 3 mCi Pm-147 source,
be 'Sce the shipment. Ahead of the shipment each tester is
still inspected and calibrated by the Helsinki University of
Technology, Helsinki, Pinland (Appendix F).

The testers are used to measure formation of paper at paper
mills and laboratories. The formation results usually are
compared between mills and therefore it is essential that
the testers precisely operate in an equal way to give re-
liably comparable results. This 4is why the mechanics-
especially the source/detector assembly affecting the meas-
uring geometry is machined within strictest tolerances.

3.6 Radiation Prcfiles

The tester has been tested by the Pinnish and Swedish gov-
ernmental offices for radiation safety. Under normal use no
external radiation was observed even when using 8 mCi sour-
ces that were available at that time. At the moment the
highest activity available through Amersham is 3 mCi in this
kind of a point source.

7



According to measuroments carried out by the Swedish govern-
mental office for radiation safety (8SI) following levels of
radiation were observed. Please note that in the test the

tester was Joaded with a 5 mCi Pm-'47 source as the sources
obtainable today are of 3 mCi only

- ! . i
source as possible, at the sheet pressing cup, at
the height of the measuring gap:

- Aess _than 2 uSy/h with paper in the
measuring gap, i.e. with closed gap,

17 uSv/h with totally open (2 mm), empty
gap
distance

- less _than 2 usv/h with totally open
(2 mm), empty gap

Assemblad device, measured at the gap height, at a
of 10 cm from the source;

(loaded with the souice) 1is

microsievert per hour
uSv/s = microsicvert per second
1 uSv/h equals to 0.1 mrem/h (mR/h)

The measurements were carried out by SSI, Sweden,
(the Swedish governmental office for radiation
safety) using a Philips ZP 1430 GM tube with brass

lens (made by SSI) and a Bicron type Labtech scaler
ratemeter.

3.7 Installation

The tester, consisting of the specimen scanner unit, the
control electronics unit, the PC-type computer and the
matrix printer is usually installed and used in an air-
conditioned laboratory room, assembled on a table.

The installation is very straightforward and easy and is
usually carried out by the purchaser (assistance may be
obtained from the distributor if necessary).

The user will also load the tester with the beta source.
Again, the procedure is very straightforward and easy.

All necessary instructions for the above installation are
clearly stated in the operating manual. of the device. (See
Appendix G, gections 3. 7 and 8.)




3.8 Radiological Safety Instructions

The necessary radiological instructions and cautions are
given ia the operation and maintenance supplied with the
tester. See Appendix G, Sections 1. 7 and 8 for documenta-

tion included in the manual.

3.9 Documentation Accompanying the Device

The supplier of the source, Amexrsham Corporation, will

(this includes the Radioactive source test report and the
Packing note, see Appendix A).

AMBERTEC will deliver the Beta Formation Tester only, with-
out the beta source.

A comprehensive operation and maintenance manual is supplied
along with the tester with necessary instructions for the
routine use and for radiological safety.

See Appendix G,

sections 4. S aud 6 (principle of operation, routine meas-
urement and calibration of the tester) and
sections 1. 7 and 8 (radic ogical safety and handling of the

source) and.

3.10 Servicing

Along with the delivery of each device a half a day operator
Lraining course is given, dealing with the routine use and
maintenance of the tester as well as the necessary radiolog-
ical safety precautions for the use of the tester and for
the handling of the sonrce.

The tester will be delivered assembled but not loaded with

the source.

of the
tester is done by the purchaser.

The purchaser (assisted by M/K Systems Inc. if necessary)
. The procedure is clearly
stated in the operating manual of the tester.

Possible repair is done by AMBERTEC or by the local repres-
entative M/K Systems Inc.

Each tester is galibrated before the delivery. Routine
calibration is frequently done by the purchaser (the neces-
sary calibration procedure is a part of the tester computer
program) .

Leak testing of the source is done by Amersham Internation-
al, U.K. A test report follows each source delivered (see

Appendix A). As the source is metal sealed no further leak
testing has been found necessary.

Due to the construction of the tester and to the type of the
9
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source no routipe radjation survey is considered to be

necessary.

3.11 Leak Testing

Amersham International tests each of the sealed sources
before the delivery {(see Appendix A). The ura2ful life time
of the source is about 3 years. Further testing has not been
considered necessary according to our experience about these
sources since about 20 years.

The source is immersed in water or other suitable liquid at
50°C for 4 hours and the activity in the liquid is measured.
Acceptance limit : 0.005 uCi (0.18 kBq).

The source is wiped with a swab or tissue, moistened with
methanol or water; the activity removed is measured. Accep-
tance limit : 0.005 uCi (0.18 kBq).

3.12 Safety Analysis

The isotope used in the tester, Pm-147 is a low energy, low
activity, scaled beta point source. The emission of the
source 1is vevy pure beta only, which is easily absorbed :
the beam from the collimator will be absorbed almost totally
by an ordinary sheet of cardboard with a basis weight of 300

g/m’.

The source is of sealed type and it is encapsulated in a
holder/collimator assembly with solid brass all over for at
least 2.5 mm in thickness. The source is placed in the
tester in such a way that it cannot be accidentally removed
(suitable Allen-type key, supplied with the tester, 1is
required for removal of the detector/collimator assembly).

The measuring gap is narrow (height 2 mm) and it is automat-
ically closed by a brass cup, 59 mm in diameter, that is
forced down by gravitation. Thus no parts of the human body
may have access to the beam. The external radiation as
close to the source as possible is very low, even with the
gap opened to the full 2 mm.

The operator needs to be at the tester once a shift or once
a day only for sample loading which normally takes less than
30 seconds.

The tester is used at a fixed place in paper mill laboratory
faczlities. At the mills usually few persons only have ad-
mittance to these rooms.

The user inserts the beta source to the tester once per
2...3 years according to precise instructions given. The

installation is easy and fast: all operations necessary take
less than 10 minutes.

The operation and maintenance manual supplied with the

10



tester contains all necessary radiological safety instruc-
tions for the safe operation of the tester as well as for
the instailation and removal of the source.

A yellow/magenta-coloured warning label is attached to the
tester.

LIST OF APPENDIXES :

Appendix

Appendix

Appandix
Appendix

Appendix
Appendix

Appendix

A The documentation provided along with the Pm-147
beta source by Amersham International, a drawing of
the source

B : The brochure of the AMBERTEC Beta Formation Tester
with the List of References

e .1 Orawing of the collimator/detector assemhly

D : Drawings of the source holder and collimator with
the locknut, the detector collar and the sheet
pressing cup.

E : The caution label of the device

F : Calibration report

G : Sample of the documentation accompanying the device
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APPENDIX A :

THE DOCUMENTATION PROVIDED ALONG WITH THE
Pm-147 BETA SOURCE BY AMERSHAM INTERNA-
TIONAL, A DRAWING OF THE SOURCE

12



Amersham intemational pic
Amersham Laboratories

White Lion Road Amersham
Buckinghamshie Englang HP7 SLL

telephone Little Ch " *04) 4488
cantes Activity Ame x
teiex BN ACTVAG

nominal activity

i 177 REGABRQ,
3 MILLICURIE

description

PROMETHIURN 147
SOURCE

trodud code

MCK3556 BETA POINT

EBBIO76

SEALED SOURCE

Al item no. l

r29573

recommended working life

NOY ASSESSED

special form certificate no

ONE

BSIISO classification ®

rot TESYED 05 1

serial number measurement check measurement check date leakage test

1529BD

@ ghis classifi

cusiomer

ESPOOD
02201

$=-5582%
SONAR

date passed

SOMAR OV
P O BOX S

FINLARD

feustomer’s crder no.

01

leakage fest date passed |contarmwnation test  date passec

L 24 JAN 89 A 25 JAN 89

FPe ) o

ication complies with BS.5288:1776, which is in agreement with 150.2919 (see overleaf for definition and description of tests)

registered m Englana and Wales 1002610 registered office Amersham Flace Littie Chattont Buckinghemsnwe HPT BNA




§ VNG Lt BUTLIDURIOG WO BGT) S RSPy S0 DS 0RO GLI00 SR DB UG 1 eeIOS iGN
9t

R ]

GGl pods Ba

AR GG QA g e
AW @GO SR UOSUBA

wonEss © B0y
T e UG FIINSEYI OLiX NI Gy WWE™ L CTUNIWONDISITENDITTIN £
11 2z eomBunss vy 9L861883 33008 INIOd V136 /%L WAIKI3IWOBd 3Janos
[ T FIEMINVIN € . eaYO3IN il i FSSENINA  LLSO2ZN
I samssappe L0 L2855 ~-5 83080 an0A BYNOS 204
s G SRRSO vondosa  Aguenb QUL 300 R LRy
A B el Ay
- $9LE5215508L "0 40dLmLQ
oy AQUEnd sOuxoed Gam SREUIO0D B FOkem XSEAR OGRS A0 GNYINIS L0220
STWNNT] wiv TANISIIN  SuW D202 00453
IR 1O DGR UOGESS 1 00 g SO0 S X08 0 4
e S¥M 0L20 66 WNwrl 62 58 NWNVP 82 AO ¥VYNGS
6t wwr 22 B ST BALE SIRD 2XULRTD
QI *%0 03 $pood
D DB ARD SRS RO CAKCRS RS © 204 58 NP 22 Avaisg Z08G10 “ON"13v)
N wiv »ieD kep  LO0L21068 LLS62N
AR SR By VOGRBL O DG GSNOuR R (ROSID U DRRDA  OU UaUROBU00 AN D
ERpe— B - = =
WALOY IPIER 5@ T8 LaM Puaibug ¢ ang
L004210068 §$25628 i’m r& .ﬂm.e:u“bi!ﬂ..ﬁcg WEUSUY D g LTI
[ W VWYL ) G R -0 uoydan »0 S0 I0QE ] WL

G L h St Py S s



e—— o~ ——_—

Quality control

Cauibly CONIOK Of AKKALION SOUILES Can D GMSeS N0 Iour Mk
pans

1. Checks made routinaly duving production

Quality Assurance

Radaton SOUrces ire manulaciured » accordan « with a sinct
QuBity ASS.rANCe DOGaNVTe Oelads of which Jan be dblaned
on reQues!

Tostng tor leakage and contamination

Sinngent 1ests or leakage are A essen i lealure Of 1ROONC v
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Promethium-14§

Bela sources

Point sources
Disc of prometnium- 147 swver fod mounted ir; 3 staniess steel
holder, type X. 110

Nomina: activity” Active Overall Code
mCa mBqg diameter diameter

Ty Yy

4+ 3 + 30T 3% 111 ~ .. iC32 PHCK 3556

'Tolevancer— 10, +25%
Availability: within 4 weeks
Recommended working life: 5yaes6s  Not assessed

Quali*y Controi

Wipe st A

Immession test L

Beta ermission or radionuchde activity 1s measured using the
most suitable detector Full details are pven in the Test Report
accompanyng the source

The source PHTK 3556 is identical in dimensions
with the source shown in the drawing.

Amcrsham has been deliivering these sources since
end of 1988.




THE CONSTRUCT" W OF THE BETA POINT SOURCE

According to information obtained from AMERSHAM Internation-
al, U.K. the Prometheum-147 point source PHCK 3556 is of
following construction

The prometheum/silver alloy pellett is placed in a capsule
made of silver and palladium. The capsule will then Dbe
calendered to a desired thickness. For the point source in
question a small disc (1.3 mm in diameter) will be punched
out and prepared for encapsulation.

relladium 2 um

Silver 3 um

Prometheum «
silver

Silver 3 u
2 M

m
m

Palladium
Diameter 1.3 mm

Cross section of the source AASE.

The sourc disc will be fastened to a X-110 type caps le,
into a small cavity, drilled to the end of the source hnilder

rod. |
[ R §

X-110 type capsule, rade of
stainless x.eel

145

Diameter 2 mm, length 10 mm




APPENDIX B : THE BROCHURE OF THE AMBERTEC Beta Forma-
tion Tester WITH THE LIST OF REFERENCES
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Highlights
JRSUres true basis weight up to 300 g/m’, for any B Stores data and results on floppy disks
“sheet £ .an or colour

B Easily adjustable measuring parameters with preset
2 S"’g'e value formation index that is easy 10 under default values
standd and that corresponds well with the visua B o d 5
assessment, as well as with the print results VEPY SPOTRTON; GONE N0k AaUns 3y (el S
p Prints out a bass Wf|g’\' h,;‘:.g,‘,,. and :J‘;‘Og"d:"n D Fasy CANDrEtoN with ordinary paper sampies
map of bass weight vanatior B Constant precision, independent of the basis weght

B Fast avtomatic measurement of muttiple sheets or e

cross-directional sample strips B Radiation safe



Formation is one of the most impor
tant aspects of paper guality as it has ar
effect on practically all the other p'o:we'@
ties of paper. Traditionally formatior: 1s
visually checked by the paper machine
crew. To allow comparison of formation -
independent of the inspector - the visua
impression should be replaced by a mea
urement that gives numerical values

All of the commercially available for
mation testers so far have been baseg or
the optical measurement, tryivg 10 imitate
the human eye. It is a widely recognized
fact. however, that the optical measure-
ment is easily fooled by a lot of different
factors, always present in the paper
manufacturing process



DIFFERENCE BETWEEN OPTICAL
@ ND BETA MEASUREMENT

» Dasis wept
f iton rema hanged in supercalender
but ight transmittance increases corsiderably

After supercaler

dering

Based on beto rodiation

The onsline formation testers are usec
mainly 10 agjust the process townards a
Of Dasis weight varation. Usual' there are mir
changes only in the furnish composition ane
process vaniables within a paper E'ai‘! Jnae

oA
0 \ ne aps

juction. Thus, for on-
Optical measurement s \ - right choice

™ v

For off-line uses formation meas. rement
based on the beta radatior $ §
nOr 10 the Optical measurement in relability
3 fact that optica inhomogenety caused by f\

by process

vanables

nish COMPOSItION 3§
NOT anect the results of beta-radiation hased

measurement: thus samples of different pape
;'a.*e: produced by different pro of dif
erent raw materials can be r

The offdine use also sets n
the applicanility

Furthermore the off-ine measurement
tor the absolute values of formation wt
on-line measurement s merely used ¢
trends only For reliable off-line operation the
beta method is the only choice.

Of the measurement
useg
¢ the

menis or



Sultable for all paper grodes

Unlike all the other commercially availatre
formaton testers the ZMBERTEC
TION TESTER measures the small scale varation
of bass weight (1.e. the formation of paper)
independent of any varaucns in the oplical pro-
perves of the sheet, caused by furrish composi
tion (fibre, filler, coating) or by process variables
(beating, wet pressing, calengering) /4 the
measurement is also independert of the colour
of the sheet, 1t 15 even possible 10 measure
primed samples, which 1 totally impossible witt
the optical formation testers. The AMBERTEC
BETA FORMATION TESTERS are being used 1o
measue a varety of paper and board grades
within the basis weight range 30...300 g/m’

Automatic operation

AMBERTEC BETA FORMATION TESTER
has been designed to measure LOth cross-direc
tional sample strips, cut from a jumbo reel and
sample sheets glued together with adhesive tape
10 form a consecutive sample set. The sheets
may vary In length as the tester detects the size
of the sheet. Thanks to the automatic operation
the tester may be run around the clock without
an operator 1o stand by After the sample roll
has been set into the tester the measurement
will be easily started. The tester then automats
cally carries out measurements until the end of
the sample set Of course it is possible 10 meas
ure single sheets of paper, 100. In the end of the
measurement the results are automatically
stored on a floppy disk It is possible to store
even the measured basis weight data for further
analysis

Formation index

Standard deviation of basis weight s used as
the index for f~rmation. In addition 1o this the
tester prints out the hi*ogram of measured
val ses as well as a topographic map of basis
weght variation for each sheet. Finally a sum-
mar; of tne results for each sample set will be
printed out! The index corresponds well with
printabilty of paper as well as with visual assess
ment of formation for many grades of paper

Stepwise scanning

The operation s based on stepwise scanning
of the specimen: during each measurement the
specimen 5 stationary. This gives Supenor accy-
racy: the movement or time constants will cause
no errors in the results. Also, it allows constant
precision of grammage determinstion over the
entire basis weight range The microprocessor-
based specimen scanner s controlied via a seria
imerface by an IBM PC compatible computer
which is aiso used 1o compuie and to file the
results

Measuring arrangement

Prometheum 147 is used as the source of
beta radiation. There is no radiation outside the
formation tester and thus the tester is absolutely
harmiess 1o the user. The proper geometry of
measurement has been assured through preci:
sion machining of the collimaior piece

Calibration

Tre AMBERTEC BETA FORMATION
TESTER s calbrated using ordinary paper sheets
over a wide range of basis weight. Calibration
assures reliable, precise basis weight measure
ments. Calibration procedure is easy and may be
carned out by the mill personnel. Normally the
tester requires recalibration rather seidom (eg
at the Helsinki University of Technology the tes-
ter s calibrated once a year)

Routine measureme:t

In the preset routine measurement the
basis weight is measured at 400 points over an
area of 70x 70 mm within less than 10 minutes
The measuring aperture is 1 mm in diameter and
the spacing between acjacent points 15 3.5 mm
The formation index is the standard deviation of
basis weight for these 400 measurements

All measuring parometers
easily odjustable

In addition to the routine measurement the
formatio. . tester may easily be used 1o other
measurements of small scale variat basis
weight as all measuring parameters fing step
lengths, number of measured values and pulst
counting time are easily adjustable over a wide
range when required

Results from various studies show eg. farr
correspondence between formation, strength
and printability of paper. Thanks to its relability
the AMBERTEC FORMATION TESTER s
the only commercially available tester sufiable
for the formation guarantee measurements
usually connected with paper machine purchases
Scientific publications dealing with the applicab:-
ity of different formation measuring methods are
available through AMBERTEC
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Measuring aperture: 1 mm in diameter

Movement of specimen: Stepping scanner (the specimen s stationary during the pulse
counting time)

Distance between measuring 3.5 mm (defauit) in both X- and Y-directions (freely selectable in

points: both directions)

Number of points per 400 pes (oefault, selectable)

measurement.

Precision of basis weight Constant precision (selectable), basis we ght-independen:
determination:

Basis weight range: About 20...300 g/m’
Width of the paper specimen: 210 mm max. (ISO Ad4orm 4t **..cy)
Measuring area: Selectable; width 70 mm max, length up to the length of the sheet
Source of radiation: Prometheum-147, sealed point source, with nominal activity of

3mCi (111 MBg). o )
Electrical: 110 V/60 Mz or 220 V/50 Hz versions supplied

NOTE! In the use of the tester the local requirements of radiation safety are to be followed. In some
countries a license 1 required, where the names of the personnel in charge of the radiation safety at the
mill are stated

The source is placed in the formation tester in such a way that no radiation will leak outside the measuring
gauge. Thus the user will not be exposed 1o radiation and no personal dosimeter will be necessary.

- Experuse for your benefit -

LSAMBERTECSH

AMBERTEC Oy
PO. Box 58
02271 Espoo
Finland

Telephone (90) 882 902, (Int.) +358-0-882 902
Telefax (20) BB2 963, (Int) +358-0-882 963

AMBERTEC reserves the nght. without notice, 1o alter or improve the design or specifications described
herein



SAMBERTEC & L

AMBERTEC Bets Formation Tester
LIST OF REFERENCES:

Testers sultable for measurement of single sheets only :

Veitsiluoto Oy, Ke ni, Finland
Kemirs Oy, Vaass inlanc

:
%
)
|
E
f

(Testers of type "Helsinki Univ-rsity of Technology Formation Tester”. All excep
Tampella/Inkeroinen's device have been made by the people behind
AMBERTEC Beta Formation Tester. Tampella/Inkeroinen's device
rebuilt by the same personnel.)

=

g

Testers sultable for measurement of “single sheets, “multiple shieets
glued together one after another and “cross directiona) sample strips :

Valmet Paper Machinery, Jyviiskyld, Finland
Helsink! University of Technology, Finland
United Paper Mills, Jamsknkoski, Finland
Korsnl. AB, Givie, Sweden 1988
Myliykoski Oy, Myllykoski, Finland
Finland

O 0020\ E W N -

Tamfelt Oy Ab, Juankoski, 1988
Kymmene Oy, Lappeenranta, Fialand 1989
Valmei-Ahlstrém Oy, Karbula, Finland 1989
Valmet-Karlstad AB, Karlstad, Sweden 1989
Tampella Oy , Anjala, Finland 1989
10 Union Camp Corp,, Princeton, NJ., USA 1989
11 Rauma-Repola Oy, Rauma, Finland 1989
12 Weyerhacuser, Tacoma, Washington, USA 1989

13 GConfidential . 70-:: e,.,.-, Ninad i USA 1990

(All above of type AMBERTEC Beta Formation Tester except Valmet/Jyviskyld's
device which is of Valmet's own construcion. Valmet's device has been made
according to the AMBERTEC specifications of measuring geometry and thus gives
same results as all of the above AMBERTEC Beta Forniation Testers.)
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\ ’ NE Technology Ltd.
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APPENDIX C : DRAWING OF THE COLLIMATOR/DETECTOR AS-
SEMBLY
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APPENDIX D : DRAWINGS OF THE SOURCE HOLDER AND COL-
LIMATOR WITH THE LOCKNUT, THE DETECTOR
COLLAR AND THE SHEET PRESSING CUP.
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APPENDIX E : THE CAUTION LABEL OF THE DEVICE




THE LEXAN LABEL IS FASTENED TO
THE UFPPER SIDE OF THE LEFT HAND
COVER USTNG DOUBLE FACE ADHESIVE
TAPE.

The label is only at the scanner
unit (in figure)




LABEL AT THER SOURCE HOLDER

ingraved in aluminium (anodised, black text)
Shown left in natural size,

The label is epoxy cemented onto the lower

end

the source holder.

190 MBq equals to 5 mCi (=exactly 185 MBq)

The detectr *holder
collar is fixed to
the detector frame
with M5 x 12
Allen key bolts
T

|

11
NN

N

PAPER SPECIMEN TO BE
MEASURED
Thickness less than 1| mm

o PR

I

BETA RADIATION SOURCE

DETECTOR HOLDER
Material: Aluminium

SHEET PRESSING CUP
Material : Brass

DETECTOR FRAME
Material : Aluminium

MEASURING GAP -
Opening 0-2 mm. (Closed
wvith uo peper in the gap)

-

~Clean-up hole

DA

Pm-147 point source,
@2 x 10 mm

DETECTOR FRAME
COLLIMAZOR AND LOCKNUT

Material: Brass

HOLDER OF RADIATION SOURCE

Material : Brass

LABEL AT THE SOURCE HOLDER
Material: Aluminium




LABEL OF THE TESTER

Material LEXAN-plastics, yellow background, magenta text.
Label will be fastened at the left cover of the specimen
scanner unit using a special double face adhesive tape.

The date~field is missing from the label as the source will
be replaced quite often (every 2.5 years) thus making it
necessary to amend the label if the information were on

the label.
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Calibration chart
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AMBERTEC Beta Pormation Tester

CALIBRATION TEST REPORT

‘ Standard sheet set T
; S 4 TITIrena woe s Ay :
pe— bt
\
Date : 7.12.1988 Measured by : ﬁ - ".—_-—y-;
- TRl TP
132 Client :  Myliykoski Oy w Serial N:r . /A ¥8 0OGC A
0'-.
zl" N:r Grammage 4 N Std.dev.
. a8 18
410 25
302 3s 1 11069 3.35
100 4 1 9793 4.45
!li 119 54 1 8110 4.40
+*
B 101 63 1 6513 4.63
X 127 77 } 5669 2.7
214 88 1 4687 6.19
3 203 99 1 4196 2.08
soe | 108 1 942 8.83
217 | 120 1 3029 5.55
ﬁﬁg‘ 428 | 128 1 2408 6.19
~*E s 146 2 2164 11.86
ég 402 159 2 1668 10.22
4 ‘!? s13 | 218 3 506 6.59
ia ss:*: :zt 3 449 15.79
45
s1s | 270
s0s | 332

33
!: Absorption coefficient - 0.01655

HV potenticmeter setting 390 (equals to 780 V)

FOILNITINYSF
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AMBERTEC Beta Formation Testex

CHECKLIST : ASSEMBLY AND FUNCTIONS

Serial number

Client :

|2 88 o0&

JF;31Z?<LOJ:‘ii gE::L?

CONTROL UNIT :

SPECIMEN

Assembly
Scaler 8T 7 Serial nr.
Detector DM1-1 Serial nr.
ROBCON CPU 019 311 Serial nr.
SCANNER UNIT :

Locking of drive wheels
Drive belt tension

sample spool brake

Sample spool lock

Pressure roller adjustments
Adjustment of measuring gap
X-directional movement

Y-directional movement

Operation: manual drive switches

Operation: limit switches

Oparation: pressure roller switches

FUNCTIONS:

fero flux determination

Calibration (separate dodument)

Routine scanning pattern

Measurement: single sheets

Measurement: multiple sheet set

Measurement: CD-strip

PACKAGING :

Date Inspect.
112 | Puk.
o2
3289
Yoot
O ;’é.”:/
Py o
85 Ak
a8 | Rui
R
ol Itica—!:
i | pk
0l oy
o Ak
o6 | Pt
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2. CONTROLS AND CONNECTORS

(NOTE: 1f a computer or a matrix printer, not delivered by AMBERTEC
is used the connectors might be different from those described be-
low.)

A. SPECIMEN SCANNER (rear panel)

1. Scanner control cable (connector D-37 M)
2. Manual operation switches for X- and Y-directional movement

3. Scintillation detector cable (BNC-connector)

B. CONTROL UNIT BOX

Front panel:

1. Scintillation detector cable PROBE (BNC-connector)

2. High voltage adjustment potentiometer H.V. ADJUST 0-2000 V
(NOTE: the potentiometer setting runs in the range 0-1000
showing A HALF OF THE ACTUAL HIGH VOLTAGE ADJUSTED!)

3. High voltage selector switch (Choose position 8C)

Rear panel:

Scanner control céble (connector D-37 M)

Serial interface cable (connector D-25 M, or D-9 M)
Formation tester maius switch

AC connector (IEC)

~Nouva

C. COMPUTER (Rear panel:)

1. Mains switch (right side wall, rear edge)

2. AC connector

3. AC outled for monitor screen

4. Monitor screen mains switch (Under the screen, front)

5. Monitor videosignal (connector D-9 F)

6. Printer cable connector (LPT1, Centrc  c¢s, connector D-25 F)

7. Formaation tester control (serial con.<¢ctor COM 1, D-9 M)

(optionally D-25 M connector)

8. Connection to external (mill) cumputer (optional, COM 2,
connector D-25 M)

9. Keyboard connector (DIN-connector)

D. MATRIX PRINTER

1. Mains switch (front left)

2. Mains cord

3 Printer control cable (rigt side, Centronics, R-36-connec-
tor)
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FUSES

1.
3.
3.

Control unit power supply fuse, 5A/250V (inside the power
supply case)

Scalerin fuse (inside control unit box, scaler front panel,
right) (Té3mA/250V)

Computer power supply fuse, 5A/250V (inside the power
supply case)

Whenever a fuse blows it is a symptom of some malfunction or
defect in the apparatus. Before you replace the fuse the pos-
sible defect must be detected and repaired.

NOTE :

If you use a computer or a matrix printer not supplied by
AMBERTEC the information on fuses must be checked im the
manuals of these equipment.
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3. CONNECTION OF THE TESTER COMPONENTS
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3. CONNECTION OF THE TESTER COMPONENTS

AMBERTEC Beta Formation Tester must be connected as follows:

(NOTE: If the computer and the printer are not supplied by AMBERTEC
the connectors may vary from these specifications. Check the manuals
of these equipment.)

P ALTERNATIVE A:
The tester requires the minirum space at the table if only the
epecimen scanner, monitor ascreen, keyboard and printer are at
the table and the computer and the control unit box are placed
on shelves under the table. There must be a free air circulation
for adequate ventilation for the computer. Installed in this way
the tester requires a table of about 120 x 60 cm.

ALTERNATIVE B:

Place the specimen scanner and the control unit box onto the
table such that the scanner will be on the right side if the
control unit. Place the computer on the left side of the control
unit, the monitor screen on top of the computer and the keyboard
in front of the computer. Place the matrix printer onto the left
side of the computer. 1In this way the tester requires a table
of about 200 x 6" cm.

- I Connect the scanner to the control unit as follows (see the
codes for connectors in thies manuval, section 2):

a. Connect the scanner control cable (both ends with D-37 F
connector) to the scanner connector A1 and to the control
unit connector B4,

b. Connect the scintillation detector cable kaapeli to the

control unit connector BY' (PROBE) and to the end of the
detector A3.

3. Connect the contrel unit to the computer with the serial inter-
face cable (the D-9 F connector to the control unit box and the
D-25 F connector to the computer, use the D9/D25 adapter suppl-
ied with the tester if required): computer connector C?7
(=serial interface COM 1) and control unit connector BS.

4. Connect the computer and th~ matrix printer using the Centronics

cable (D-25 M and R36-co: .ctors): computer connector Cé (LPT1)
and printer connector D3.

5. Connect the keyboard to the computer connector C9 (DIN) .

6. Connect the monitor screen power supply cord to the computer
connector C3 and the video signal cable to connector C5.

7. Connect the power supply cords to the control unit connector B7,
computer connector C2 and matrix printer connector D2.

8. Check that the mains switches of the control unit, computer and
printer are in OFF position.

9. Connect the power supply cords into AC outlets with protective

grounding. The tester is now ready for operation according to
the section 5 in this manual.
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4. FUNCTIONAL DESCRIPTION
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4. FUNCTIONAL DESCRIPTION

Background

Formation of paper is the measure for the planar distribution of
material in a small scale in the paper gheet. The scale refers
to wavelengths of variation usually less than 100 mm,

there are two alternative methods for measuring of formation:
the direct and the indirect beta absorption methods. In the
latter a beta radiogram is first expnsed to a x-ray film using
beta radiation of adequate energy leve. &nd *he radiogram is
then measured optically. This methods is superior in resolution
but is extremely slow and lab~rous and thus very inconvenient
for routine use. Both reothods may be calibrated to directly
output true values of grammage variation.

The optical reasurement of paper formation (i.€. grammage varia-
tion .a a small scale) as a matter of f=ect .= the very same
method that the machine tender is usin¢ +her inspecting the
sheet against transmitted light. It is ext 2mly difficult to
calibrate the results of the optical measuremen to true gram-
mage as the transmittance of light in paper does not depend on
grammage only but on various other parameters affecting the
optical behaviour of the sheet. Such parameters include t!=?
furnish composition (fibrous components, filler type and t)le
amount of filler, coating colour type and the amount of coat,
colour, optical brighteners) as well as many process variables
(beating of pulp, wet pressing, machine- and supercalendering).
Usually optical formation testers do wot incorporate a calibra-
tion procedure - or the possible calibration is done beyond the
actual measuring range that then is extrapolated for the range
in use. No calibration procedure in optical testers wiil be
able to remove the effect of the process variables on the re-
sultr; nor will it be able to remove the effect of uneven dis-
trib:tion of furnish corponents in the sheet. Thus the optical
met od is not suitable for off-line formation measurement in
“ich usually different types of samples (of different grades,
- in different paper machines with different furnish composi -
tions) are measured and compared. The .r;tical mea~urement of
formation on the other hand extremely well suits for on-line
measurement and optimization of formation, usually w.thin a
single grade of paper, with furnish and process parameters ke-t
as constant as pcssible.

It is of course possible to determine the small scale variation
of grammage gravimetrically, weighing small pieces of paper with
a balance, sensitive enough. However, as the size of the spaci-
men to be measured will be decreased to the level necessary in
the measurement «f formation it is practically impossible to
obtain values o’ grammage precise enough for calculation of
formation indices.

Te allow the measurement of formation (small scale Aistribution
of grammage) the size of measuring aperture as well as the
measured area at the specimen must fulfill certain requirements.
The size of the measuring aperture affects the resolution of
gr.mmage variation: a grammage value in fact is the mean value
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of grammage variation over the area of the aperture. (Think the
weighing of a specimen with a t:lance: as you weigh the specimen
of a certain area (= aperture) you will only get a single value,
i.e. the mean of grammage over the area of the specimen.) Thus,
the greater the measuring aperture, the smaller will be the
resolution of grammage var.ation. The use of a large aperture
then yields smaller numerical values of grammage variation due
to the averaging of the variation over the area of the aperture.
Of course, the true variation of grammage in the sheet will not
be affected by the measuring principle or by the size of the
aperture but the indices of formation might then give a false
impression of the issue.

In practice the stochastic nature of beta radiation limits the
smallest size of the measuring aperture: it will be impractical
to use an aperture -maller than 1 mm in diameter as the error
caused by the stschasticity of che radiation gets too high when
using a rea:onably short pulse counting time. Over the years
the ape ture size of 1 mm in diameter has been proved to be a
fair 'sntandard size' in various studies also as the results
obtained using that aperture size pretty well correlate with the
visual ranking as well as with the printing result (some optical
testers J» use a smaller aperture).

The effec. uf the area measured also largely affects the re-
sults: formation measurement should be able to distinguish
between the small scale and the large scale variation of yram-
mage. As a r "'ts of empirical studies over many years the
optimal area for une measurement of formation has “.en proven to
be 70 x 70 mm? (Sara, H. : The characterization and measurement
of paper formation with standard deviation and power cpectrum.
Helsinki 1978, Helsinki University of Technology, dissertation,
162 p.).

Method of the measurement

AMBERTEC Beta Formation Tester is based on the direct measure-
ment of beta radiation absorbancy. The source of beta radiation
(Prometium - 147 -isotope, nominal activity ranging between |
and 8 mCi) is placed under the tsheet and a scintillation counter
detentor 1s on the other side of the sheet. The radiation is
led to the sheet through a brass (»>llimator, " mm in diameter,
length 2.5 mm.

The sheet to be measured will be pressed against the collimator
by a heavy brass pressing cup to ensure that the underside if
the sheet always lies agai 'sv the collimator This is to ensure
that the measuring geomeiry is the same from point to point.
There is a collimator aperture also in the pressing cup, however
with a larger aperture (3 mn in diameter). The cup then lets
also such particles to the detector that possibly have been
slightly scattered aside when passing through th: sheet.

The specimen to be measured will be moved step by step in the
measuring gap; thanks to the stepwise scanning the specimen
always is stationary during the actual measurement (pulse count-
ing). Thus the possible errors by time constants et.c. will be
eliminated and the pulse counting time per point will be freely
selectable. Thanks to the latter it is also possible to measure
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board samples as it is possible to obtain adequate precision of
measurement by increase of the pulse counting time. It is
possible to measure boards up to 300 g/m2 in grammage.

For the pulse counting time usually 1 s per point is used. The
area measured usually is 70 x 70 mm? covered by 400 points. The
distance between adjacent points is 3.5 mm in both (X- and Y-)
directions. The pulse counting time as well as the measuring
parameters may be changed easily according to the user. (NOTE:
as the distance between adjacent points usuvally is 3.5 mm a
point then represents a square with side length of 3,5 mm on the
specimen. The point lies in the middle of the square. The for-
mation tester s~{tware prints out the area of a rectangle that
can be drzwn along the outmost points of the area. In the
routine ‘aeasurement with 400 measured points using the distagco
of 3,5 mm between adjacent points this area is 66,5 x 66,5 mm*“.)

The main computer controls the pulse counting from the scaler.
The pulse readings at each point are stored in the computes
memory for calculations. Tue computer also controls the speci-
men scanning automatically after the operator starts the sys-

tem.

A each point the counted pulse (beta particle) readings will be
converted to values of true grammage according to formula below:

mig = M - (1/u)+10og (ny/N) (1)
where
mjy = a grammage value
M = average (weighed) grammage of the sheet
(TR Absorption coefficient of beta radiation
njg = a pulse count reading
N = taoe mean of transmitted pulses throug the

sheet

The numerical value of the abscrption coefficient of beta radia-
tion in paper to som extent depends on the level of grammage of
the sheet. Due to this it is recommended that the absorption
coeficient should be determined empirically (see section F.
CALIBRATION OF THE TESTER).

As it is not necessary to carry the average of grammage of the
specimen (that actually has been determined by the operator)
with during the calculations the formation tester software does
calculate the indices for formation according to the following

manner:

At first the standard deviation for the variation of gram-
mage will be calculated:

For the calculacion of the std. deviation the square sum of
differences will be first calculated. Using normalized data
(i.e. the mean of data is zero; in the formula (1) the
divider is the mean of pulses gone through the specimen) the
formula may be modified as follows.
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k
¢’ = I (log{nj/N))’ (2)
i=1

in which

et = square sum of logarithms of pulse count
trar nittance values

ny = pulse count value, i= 1...k

N = mean of pulse counts through the specimen

k = number of observations (points)

At this stage it is not necessary to carry the absorption coef-
ficient along with the calculations as the standard deviation

may be easi'y converted to grammage at the end of the calcula-
tions.

The standard deviation of the logarithmic transmittance of beta
radiation will be calculated as follows:

op = Jc'/(k-1) (3)

in which

op = std deviation

¢! = square sum

kK = number of observatious (points).

In the next step likely errors will be removed from the measured
data. 7This will be Jdone by removing observations that differ
more than 4 x std. deviation from the mean (=0). This kind of
deviations (peaks) that simultaneously would not be defects

(shives, holes or measurement errors) are statistically very
unlikely in real paper.

In the printout also the number of observations differing more
than three times the standard deviation from the mean will be

given. These observations however will be included in the cal-
culation.

The peaks, i.e. observations differing more than four times scd.
deviation from the mearn will be removed from the calculated
square sum of logarithmic transmittance, from the sum on pulses
through the specimen and from the number of observaticns. For
the ceorrected data a new std. deviation will be calculated and
this will be converted to grammage by division with the absorp-
tion coefficien . beta radiation.

Om = L&'/ (K-1) (4)

in which

Om = std. deviation of grammage

C! = corrected sguare sum of logarithmic trans-
mittance of beta radiation
corrected number of observations

empirically determined absorption coeffi-
cient for beta radiation.
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It is to
note that up to this point the average (weighed) value of gram-
mage, given by the cperator, has not been used for anything.
Therefore it is not necessary to know the exact grammage of the
sheet at the moment of the measurement; then hoewever, the other
indices, derived from the formation index using the average of
grammage (i.e. the normalized formation index and the coeffi-
cient of variation) will be incorrect.

It is to be seen in the formula (4) that the results are also
correctable if a wrong absorption coefficient of beta radiation
has been used in the measurement. This can be done by multiply-
ing the rformation index by the ratio of the wrong and the right
value of the apsorption coefficient.

As the variation of beta radiation transmittance
will be calibrated to grammage using the absorp-
tion coefficient, it is essential to empirically
determine and to periodically check the value of
the coefficient to obtain reliable results.

Tradi.ionally the coefficient of variation has also been used as
the index for formation:

Fy = 100 « (o / M) (5)
in which
Fy = coefficient of grammage variation measured
using an aperture of ' mm in diameter
Op = std. deviation of grammage
M = (weighed) average of grawmage. The tester

on', measures the yariation of grammage.

As there is no clear linear physical correspondence between
formation and the level (i.e. the mean) of grammage THE USE OF
THE COEFFICIENT OF VARIATION IS NOT RECOMMENDED as the index of

formation.

Within a limited range of grammage there is a linear correspon-

dence to be found between the mean and the variance of grammage.

Therefore it is pcssible to obtain comparable results for forma-
tion (within a limited range, say 30...50 g/m ) by division of
Lng_j:annnxd_nsx1A;1gn_nL_sxAmmnag_nx_;hg_jnnnzg_xnnt_gi_sna

mean of grammage.
Ounit = 9n/7 M (6)

jossa

Ounit®  the formation of a sheet wi*h unit gram-
mage () g/n )

Om = std. deviation of grammage

M = the (weighed) average of grammag=.
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Comparison of fermation results

Formation indices for papers at equal level c¢cf grammage may be
directly compared without any difficulties. The comparison of

results for sawples at different levels of grammage, however, is
not as easy.

In measurements of paper technology it is a common practice to
normalize the various measured values by division with the mean
of grammage to obtain comparable results, independent of the
grammage of the sheet. There should be a sound, unambiguous
theoretical basis for such a normalization: the results must be
dependable on the level of grammage.

There is no linear physical correspondence between the mean and
the standard deviation (this could be _ at the paper machine:
one is able to produce far better fo t the same level of
grammage wusing different skills, and machinery).
Therefore the coefficient of varial . aZa-dh printed out in
the results as a matter of record o..y) should not he used in
such comparisons. All comparisons between different levels ~

grammade e d b

Formation guarantee measurements

Whenever the formation of two samples ar~ to be compared in
situations which may have juridical consecuences (e.g. in forma-
tion guarantee measurements usually coraected to paper machine
purchases etc.) it is the advantage rf all parties to measure
both samples simultaneously using the same tester and same
calibration. This is to avoid possible errors which miaht be

present when e.g. accidenatlly using different calibration feor
the different samples.

Usually the samples will not be available simultaneously (e.g.
if the reference sample is taken before the rebuild of the
machine or from another machine, before the guarantec test
sample will be available). Then the samples should preferably
be stored in closed plastic bags in a safe sheltered place up to
the moment it is possible to carry out the measurements simul-
taneously. The possible yellowing of the samples does not
affect the grammage distribution of the sample neither the

formation results obtained using the JMBERTEC Beta Formation
Tester.

The same applies - of course - to ALL OTHER GUARANTEE MEASURE-
MENTS whenever the measuring instruments are calibrable or do

have settings (time constants, sample moving speeds etc.) that
could affect the results obtained.
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Precision and accuracy of the measurement

The formation measurement based on beta radiation technique is
very accurate: the beta radiation transmittance very accurately
depends on the mass (grammage) of the specimen only whereas in
the optical measurement the optical trancsmittance of the sheet
depends besides the grammage on various other parameters of the
furnish too (fibre and filler type, colour) and of the process
(beating, wet press.ng, machine and supercalendering).

The precision of grammage measur. ient may 1 approximated as
follows

Precision of bty
a grammage value = 100 /n / n

in which
n = pulse count at a point (number of trans-
mitted beta particles through the sheet),

If e.g. 10 000 pulses were measured at a point the precision of
the grammage determination is approximately

100 « / 10000 7 10000 , that is : 1 per cent

In the formation tester printout the average beta pulse flux
(1.e. the average number of beta pulses per second transmitted
through the specimen) is given. The number of <transmitted
pulses per point may be obtained through multiplication of the
pulse flux value with the pulse counting time (the power-up
value of the pulse counting time is 1 second).

Sampling

The sample sheets for formation measurement must be chosen in

such a manner that the sheet properly represent the lot of paper
studied.

Normally the formation of a sample w.ll be determined as a mean
of several determinat.ons (sheets) for each sample. According *
a thumb rule at leas: four (4) but preferably nine (9) deter-

minations (sheets) per sample should be done for a reliable
result.

Formation, as well as ali other properties of paper, does have a
cross directional profile. Because of this the sample sheets
should be cut out from different positions along the width of
the web, if only possible.

As the formation of paper usually varies across the width of the
web (i.e. in cross machine direction} as well as in the machine
direction it is more sensible to measure the formation from
several different sheets than to try to determine the formation
from few sheets only trying to increase the number of points per
determination or the pulse counting time per poirt. (This is
analogical with e.g.the measurement of the averac- thickness of
the sheet: the result will be more reliable if measured from

F
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various points of the sheet than if measured from few points
only with great precision).

The repectibility of results

In repeated determinations it is not possible to obtain precise-
ly same numerical values of formation. This is partly due to
the stochastic nature of beta radiation (the pulse counting time
is relatively short) and partly due to the fact that in repeated
measuremeni{s it is not possiple to carry out the determinations
at exactly the same points of the specimen. This, however, does
not greatly affect the index of formation. The sampling has an
effect, far greater to the results.

Typically the formation of a sample, expressed as the mean of
std. deviation of grammage from 4.,.9 determinations is fairly
well repeatable: about 0.1-0.2 g/m2 depending on how well one
succeeds to carry out the measurements from exactly the same
points of the sheets. The repeatibility of the beta formation
measurement has been determined using a tester aimed for meas-
urement of single sheets only; in that tester it is possible to
place the sheet every time repeatably in the same position.

How to express the results

In the formation tester printout the std. deviation cf grammage
18 given using two decimals. In the default routine measurement
(400 measuredifoints per determination) only the difference of
about 0.2 g/m* or more may be ccnsideced to be significant.

Because of this the formatioa index for a sample should be givep
using one decimal only.

That is: if the difference between two indices of formation is
lnss than the above limit the formation of the samples should be
considered as equal.

The actual limit of significance depends on the numbe. of paral-
lel determinations per sample anu i*t is relatively easy to
obtain through calculation of the confidence limit according to
the t (student) distribution; i.e. according to the commonly
used statistical chotk in paper technological measurements.
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5. OPERATIONAL INSTRUCTIONS
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5. OPERATIONAL INSTRUCTIONS

HOW TO PREPARE THE SAMPLE

The width of the sample to be measured must not exceed 210 mm
(the width of DIN A4 format sheet). It is possible to measure
both 'cross directional' strips (i.e. strips cut from top of a
PM jumbo roll) as well as separate sheets. he sheets may be
measured one at a time but usually it will be mcre sensible to
prepare a continuous sample set by gluing single sheets togeth-
er, one after another, using adhesive tape. Then the tester will
carry out the measurement of the entire sample set automatically
without the need of supervision by the operator.

For the meagurement of cross directional strip the strip (that
has been trimmed to proper width) is to be wrapped around the
sample spool. Thure is a slot in the spool shell provided for
the end of the sampl:: str.p for easy wrapping.

Wrap the strip around the spool as follows: take the sample
spool into your hand in such a way that the brake disk (the
thicker end of the spool shaft) points out to the left. Thread
the end of the sample strip to the slot of the spool shell and
wrap the strip around the shell by rotating the spool clockwise
(in the tester the sample strip should unwind from the underside
of the spool for proper run (guide) of the strip in the tester.

If the sample is very stiff (th® <er boards) it is not worth
trying to wrap the sample around 2 spool - as it will be very
difficult to unwind the deforned ample in the tester. Then it
is possible to carry out the measurement by placing the sample
loosely ontc the floor and by threading the sample through the

tester from the underside of the empty sample spool set into the
tester.

Single sheets may be measured one at a time. Stiff board sheets
are ecsy to be measured one at a time only.

The continuous sample sheet set will be easiest prepared as fol-
lows: fasten a ruler (or narrow plate) to the edge of a table
using screws or double faced tape. The edge of the ruler must be
at least 5 mm above the table surface. Place the DIN Ad-format
sheet (the length ¢f the sheet may vary, it must, hcwever, be at
least 18 cm long) onto the table, the long side against the
ruler. Place a weight onto the sheet to prevent it from moving.
Place the next sheet after the first one in such a way (see
figure below) that the ends of the sheets will overlap about 20
mm. Place the adhesive tape onto the edge of the sheet according

to the f.gure below. Continue preparation until the entire
sample set is ready.

Tape Direction of sample
movement seee)

Sheet 2

Sheet 1
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Press the tape with your fingers tightly to the sheets to ensure
that the sample will not break apart during the measurement.

Wrap the strip around the spool as follows: take the sample
spool into your hand in such a way that the brake disk (the
thicker end of the spool shaft) points out to the left. Turn
the sample set upside down such that the tapes face down. Thread
the end of the last sheet to the slot of the spocl shell and
wrap the strip around the shell by rotating the spool clockwise
(in the tester the sample strip should unwind from the underside
of the spool for proper run (guide) of the strip in the tester.
Stiff samples should, however, be wrapped counterclockwise (in
the tester the sample strip should urw~ind from the topside of
the spool for proper run (guide) of the strip in the tester)
because the stiff sheet may lift the sheet pressing cup (with
the sheet)” from the collimator and cause measurement error 4ue
to changed measuring geometry.

HOW TO SET THE SAMPLE INTO THE TESTER

Standing at the right side of the tester p.ace the sample spool
behind the tester such that the brake disk (the thicker end of
the spool shaft) points out to you. Thin, flexible samples
should be wrapped in such a way that the sample unwinds from the
underside of the spool. A stiff sample may wrapped such thac at
unwinds from the topside of the spool or it may be left loosely
onto the floor behind the tester.

Unwind the sample about 40 cm long. Take a grip to the sheet
with your right hand such that it bends slightly channelwise
(making the strip behave stiffer) for easier threading of the
sample. Lift the sheet pressing rollers up with the levers
(black knobs) on the right side of the detector frame. Lifting
the sheet pressing cup up with your left hand fingers thread the
sample through the measuring gap and under the sheet pressing
rollers.

Pull the sample forward just a bit and lift the sample spool to
its place at t"e rear side of the tester. Move down the rear
sheet pressing rollers using the rear lever. Simultaneously the
spool will be locked into its place and the spool brake automat-
ically engsges. Draw the sample slightly with your left hand and
Tove down the front sheet pressing rollers using the front
ever.
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PREPARATION OF THE '.”STER

1.

I

DO NOT SWITCH THE POWER ON, YET.

Check that all cables of the tester have been properly connected
(according to the section 3.)

Check that the high voltage of the scaler has been set to zero
(0) with the high voltage setting potentiometer and that the
high voltage selector switch has been set to position SC.

Switch power on to the control unit box (switch at the rear
right corner of the box).

Set the high voltage according to the wvalue given in the
calibration sheet delivered with the tester. NOTE _THAT THE
POTENTIOMETER (I.E. THE SETTING 500 EQUALS TO ABOUT 1000 V).

to prevent accidental resetting of
the high voltage.

Switch power on to the matrix printer (in the STAR LC-10 -print-
the mains switch is at the front panel, left side).

5. .tch power on to the computer (in IBM compatible computers the
mains switch usually is at the rear right ccrner of the box).
Check that the VDU monitor power also has been set on (usually
there is a signal lamp at the monitor.

If you are using a computer delivered by AMBERT"C Oy the Beta
Formation Tester software will automatically be loaded to memory
from the hard disk and the tester will be ready for use in a
couple of minutes.

If you are using a computer without a hard disk drive the prog-
ram disk must be inserted to the drive A: (see the manual of
the computer) befcore the power will be set on. Having switched
the power on the program will automatically be loaded intio the
computer memory and the tester will be ready for use in a couple
of minutes

All necessary instructions will be given on the monitor screen.
All functions will be chosen from menu windows appearing to the
screen, Choose a function by moving the light bar to the de-

sired function (using the up and down arrow keys) and by press-
ing the Enter key.

There is a brief help screen available for each of the functions
of the tester. (Choose the HELP function).
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CHANGING THE DEFAULT PARAWETERS

The software automatically carries out the measurement using
default parameters (these will be displayed before the

measurement is staucted. See also the technical specifi-
cation, section 1),

If you want to change these parameters (normally, however,
default parameters should always be used) choose the func-
tic™ "Run parameters”™ and press the Enter kev Two windows
will aypear: the left one containing the para. .r names and

the right one containing the present values sor the para-
meters.

The detcult parameter values are

Pulse counting time 1 s,

Number of observations 400 pcs (20 pecs in both X- and Y-
directionrz),

Step lenyth 3,5 mm in both X- and Y-directions.

Distance between formation determinations 70 mm.

As a default cross directional strip will be measured. TIf
you want to measure sample sheets glued one after anothe.
choose the function 'Run parameters' in the main menu slide
the light bar using the arrow down key tec the point
'Sample : CROSS DIRECTIONAL STRIP' and press the Enter key
to obtain the setting 'Sample : CONSECUTIVE SHEETS'.

Choose the desired parameter and press the Enter key to get
the input prompt. The input values will be inspected and

if found to override the preset limits the prograw gives a
prompt to the screen.

the bbekdtoﬁél' Tﬁerefbke>chéck»neriod1c 1ly that v
really using desired parameters for the measurement.

The absorption coeffic
BFT.CFG file. g

FORMATION MEASUREMENT

After the sample spool with the sample has been prorerly se‘
into the tester the measurement will be started by choor.ing
the first row 'Start of measurement' in the main menu Then
the input window for sample parameters will appear. The
software asks for the sample name, (weighed) grammage of the
sample and the number of sheets (determinations) for the
samp'e. Having given this information the software prompts
for Lhe same information for possible other samples.
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There may be up to 20 sample groups each consisting of
unlimited amount of measurements (Sheets). Check however,
that it is possible tc measure the number of determinations
set from the sample length. The total possible amount of
sheets per loading is 200 (this - of course - depends on the
properties of the sheets).

As mentioned above in section 4 the grammage of the sheet is
required for the modified indices of formation only (i.e.
the normalized formation index and for the coefficient of
variation) and thus any value between 1...300 g/m2 will do.
Then, of course, the values of the modified indices will be
incorrect (The index of formation, i.e. the std. deviation
of grammage, will be correct always if only you have used
the correct absorption coefficient of beta radiation, ob-
tained through proper calibraticn).

Before the measurements starts you may still change your
inputs by answering Yes to the question 'Would you like to
change something?' (Y=Yes, N=No).

Having received all necessary data for the samples the
software displays the measuring parameters giving the final
possibility to alter something, checks the interconnection
between the formation tester and the computer, moves the
detector frame to the proper starting point and checks the
interconnection to the matrix printer as well as to the
scintillation counter detector.

If you have forgotten to switch the power on to some of the
apparatus or if the printer has been set OFF LINE (you will
easily forget it to OFF LINE when manually advancing the
paper when taking out the printouts) the software will give
a prompt to the user. Jf the cable between the printer and
the computer has not been propexrly connected the program
cannot identify it and you will lose the printout.

After everything has been properly set the sof*ware will
start the measurement. The status of the measurement will
be easily seen at the wmonitor screen.

For each determination a printout sheet will be outputted
and after the sample set a summary of the results will be
printed out.

HOW TO PAUSE THE MEASUREMENT

If you would like to pause the measurement for some reason
it 1s possible by lifting up either of the sheet pressing

rollers. The program prompts the user then and gives a
possibility both for continuation and for termination of the
measurement.

AT THE END OF THE MEASUREMENT

At the end of the measurement you may leave the power
switched on to the tester. The tester has been designed for
continuous operation. You can increase the life of the
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monitor screen by de~reasing the brightness to a proper
level - not too high - “ecause along with the time the image
will be 'burned' to the fluorescent layer of the screen.

ZERQO FLUX DETERMINATION

Zero flux is the amount of beta radiation entering the
detector without any sample in the measuring gap (i.e. at
the grammage level equal to zero). Zero flux value is a
handy tool for monitoring the condition of the beta radia-
tion source : along with the time the zero f{flux should
slowly go down as the source gets weaker. The half life
decay time of the source is about 2.5 years.

i1ou may enter the zero flux determination procedure from
the 'Main menu' by choosing the 'Additional features' and
thereafter the 'Zerc flux measurement'.

If the zero flux rapidly drops (within some days or so) it
is an indication of some dirt possibly entered the collima-
tor tube. The collimator should the be cleaned according to
the procedure given in the section 7.

If the standard deviation of the zero flux determination is
too high it is an indication of malfunction in the detector
system : if the high voltage setting is incorrect for the
detector used - too high or too low - the detector will get
instable. The properties of the vacuum photomultiplier tube
at the detector may change along with the time thus making

it necessary to readjust the high voltage setting.

According to the theory the std. deviation of beta radiation
is equal to

100 /n / n (per cent), in which n is the
zero flux level.

To behave according to the theory the number of observations
in the zero flux determination must be high enough.
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6. CALIBRATION OF THE TESTER
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6.

CALIBRATION OF THE TESTER

At each point of the measurement the pulse counts (i.e.
transmittances of beta radiation) are ccnverted to cecrresp-
onding grammage values using the following foirmula

mi = M- (1 / u)+log (ngy / N)

in which

mi = & grammage value

M = (weighed) average grammage of the
sheet

4 = absorption coefficient of Dbeta
radiation

n;j = a pulse count value

= the mean of pulse counts

The numerical value of the absorption coefficient depends on
the level of grammage M of the sheet. It is essential to
use the right absorption coefficient value as it directly
affects the numerical value of the formation index.

The correspondence between grammage and the absorption of
beta radiation (i.e. the absorption coefficient) will Dbe
empiricaliy determined as follows :

1) For the calibration a set of different machine made
papers at different levels of grammage will .e
chosen in such a way that the grammage range ade-
guately cover the range used, 20...300 g/m¢ (if the
tester will be used e.g. within the range 20...10
g/mé the calibration within the range 20...150 g/m
will be sufficient. The sample sheet set delivered
along with the tester may well be used for the
calibration. It is a good practice to keep the
calibration sample sheet set in a sheltered place
and to perform always the calibration using the
same sheets.

Adequate grammage levels for the calibration sheets
could be e.g. 20, 30, 45, 60, 80, 100, 125, 150,
175, 200, 250 and 300 g/m . (The calibration sheet
set supplied with the tester contains samples of
different grades at basis weight levels 35, 46,
84, 63, 77, 88, 99, 108, 121, 138, 146, 159, 318,
226, 245 and 270 g/m'). As the exact grammage of
the sheets must be known for the calibration it
should be measured (weighed) most precisely at the
same climate, humidity and temperature, (i.e. in
the same room) in which the actual formation meas-
urement will be carried out. It is advantageous for
the calibration if the formation of the sheets used
for calibration is good (eveg) as the grammage of
the measured area, 70 x 70 mm“, will be as close as
possible to the average weighed grammage of the
sheet. In addition to the sheets also the zero
pulse flux will be measured (zero pulse flux is the
amount of beta radiation entering the detector
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without the sample .e. at the grammage level
equal to zero).

According to normal practice (see operational
instructions, formation measurement) the formation

of the sheet (default parameters, 400 points) is to
be measured.

Por determination of the absorption coefficient the
mean of the pulse counts (c/s) aad the average
(weighed) grammage will be taken from the printouts
for each of the sheets.

The calibration curve may now be determined manually or

according to a routine in the Formation Tester software as
follows

MANUAL OPERATION

3) The obtained pairs of grammage and pulse count are
to be drawn to a semi-logarithmig paper such that
grammage lies on the linear scale and the pulse
count lies on the vertical logarithmic scale (a
millimeter paper may alsc be used but then instead
of pulse count values the natural logarithms of the
pulse count values are to be drawn onto the verti-
cal scale). Using an adequated curved ruler a curve
is to be drawn along via the points drawn such that
the shape of the curve is as smooth as possible
(does not contain kinks et.c.). According to the
experience the curve is very linear within the
range 20...100 g/m?.

The absorption coefficient “or each level of gram-
mage may now be obtained through determination of
the tangent (slope) at the point of the curve
corresponding to the grammage desired. This may be
done e.g. using the secant method

Let'a assume the coefficient will be desired for
grammage 60 g/m¢. Using the curve drawn the pulse
flux at grammages 20 g/m2 higher and lower than 60
q,/m2 will be taken (in this case B80g/m* and 40
g/m?) .

The slope of the tangent (i.e. the absorption
coefficient of beta radiation may now be obtained
using the formula

b= - Lﬂsii_nz_L_n\_l

in which

p = absorption coefficient of Dbeta
radiation

ny = pulse flux at the level jrammage
220 g/m’

ny = pulse flux at the level grammage
-20 g/m’

M = the (weighed) average grammage of
the sheet.
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IT IS EXTREMELY IMPORTANT TO PRECISELY DETERMINE
(WEIGH) THE GRAMMAGE OF THE CALIBRATION SHEETS AS
THE NUMERICAL VALUE OF THE ABSORPTION COEFFICIENT
AND THEREBY ALSO THE NUMERICAL VALUE OF FORMATION
INDEX DEPEND ON IT.

5) It is handy for the operator if after the calibra-
tion a table (or curve) is made in which the ab-
sorption coefficient 1s given as a function of
grammage. The vertical axis (absorption coeffi-
cient) should be scaled such that it is possible to
read the rumerical value of the coefficient with a

precision of approximately five decimals
L0.00000)

OPERATION WHEN USING THE CALIERATION PRCCEDURE WITHIN THE PROGRAM:

Automatic operation is easier and does not produce errors in
the absorption coefficient if carried out properly according
to the instructions given:

3) Start the calibration routine as follows: Choose
‘Additional features' in the main menu.
Choose 'Calibration' in the features menu window by
moving the selector bar to the right place with the
up or down arrow keys and press Enter.

4) Give the number of calibration sheets measured
(answer the gquestions as prompted) and fill the
table that appears to the top left corner of the
screen: in the left column type the grammage of the
sheet (precision of 1 g/m’ is enought, no decimals
are required) and in the right column type the
average pulse flux (read this from the tester
printout for each sheets). As you have filled all
the pluces in the table the program calculates the
absorption coefficient (i.e. places a linear re-
gression curve into the points) and also gives an
estimate of the fit. If the fit is found to be
inadequate the program prompts this to the user.

5) Press the space bar (or any key) to enter the next
step. Here the program displays the calibration
curve with the absorption coefficient. The meas-
ured points should lie neatly on the regression
line. The program prompts you: "Do you accept the
new value ?? (Y/N)". If you answer "Y" the program
stores the new value as a default and returns to
the main menu.

At the beginning the calibration of the tester should be
checked at least once a month. Later on the calibration may
be done with longer intervals (some users calibrate the
tester once a year only with the calibration remainino
constant). It is a good practice to keep the calibratic:»
sample sheet set in a sheltered place and to perform thne
calibration always using the same set.
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It is also possible to monitor the stability of
the calibration by plotting the pairs of grammage
and the mean of pulse count to the calibration
curve chart made (point 3 above). If the points
systematically get further from the curve this in-
dicates that a new calibration should be done.

This kind of a check is not valid if the grammage of the
samples normally measured lies within a very limited range
(e.g. 30...60 g/m?).

As the intensity of the source of radiation gradually de-
creases along with the time the calibration curve will .move
to a different height along with the time. This, however,
does not necessarily affect the absorption coefficient if
only the shape and the slope of the curve remain the same
(i.e. if the vertical distance with the two curves is the
same (in millimeters) at each point of the curves).

It is possible to compensate the decrease of the intensity
to some extent by increasing the pulse counting time. The
mean of the pulse counts (measured through the sheet) may be
obtaired by multiplication oi the pulse count value (c¢/s) in
the pr.ntout by the pulse counting time (s).

Along with the time dirt (loose fibres, filler, coating
colo.r) may be accumulated into the collimator tube. This
dirt will absorb some of the radiation, too and thus de-
crease the pulse flux (then the intensity of the source
seems to go down more rapidly than normally). If this is
suspected the collimator and the beta radiation source must
be cleaned (see section 7).
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7. REMOVAL AND INSTALLATION OF THE BETA RADIATION SOURCE

HANDLING OF THE BETA RADIATION SOURCE

In many countries (especially in Scandinavia) an official
permission is required for the use of radioactive material.
This permission is usually granted by the local Office or
Institute for Radiation Safety. The permission names the
person in charge of radioactime material and of the use of
it within a company. The legislation on the handling of
radicactive material may vary from country to country but to
avoid possible problems arising, galy the person din charge
of the radioactive materials should handle the source (l.e.
install, remove, clean as well as to properly discard or
store the used ‘'dead’' sources).In many countries a separate
label with the text, visible enough: "CAUTION, RADIOACTIVE
MATERIAL" is required to be placed near the tester.

It must be pointed out, that the source - despite of what
has been said ahove - is quite harmless: it is rather weak
in activity and it is also quite an ideal beta radiation
source which means that it does not output gamma or alfa
radiation. :
Only
follow carefully all of the instructions given below. As
the human skin always contains acidous (corrosive) compo-
nents we recommend that the gsource should be handled using
{table £ ! licab . thi b]
er plastic gloves.

DO NOT attempt fo use any other kind of a radiation source
than that recommended by AMBERTEC in the tester. The shield-
ing has been designed_for Pm-147 Beta point sources only.

RO _NOT damage or modify the collimator/detector assembly of

Lhe device,

In case of a fire it is recommended to remove the specimen
scanner unit to a safe location - as all of the devices at
the mill even containing small amounts of radicactive mater-
ials.

IThe following procedures should be carried out by operators
with adeguate kno

REMOVAIL AND INSTALLATION OF THE SOURCE

The source of beta radiation seats within the collimator
above the lower beam of the detector frame. In order to
reach the scurce the detector together with it's collar as
well as the sheet pressing cup must first be removed (see
section 8 of this manual).

After the detector and the sheet pressing cup have been
removed the brass collimator with the polished surface may
be seen. Remove the collimator by lifting it up; if it scats
tightly in it's place screw it slightly right and left and
lift it carefully up.
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If necessary, remove the source holder screw from the col-
limator by turning it counterclockwise. While doing this
hold the collimator upright (as it was in the detector
frame) in order to prevent the tiny (2 mm in dia, length 10
mm) source from accidental dropping and disappearing.

The source, however, usually seats rather tightly in its
place. It may be carefully pressed out from the holder using
a steel wire (a needle will do well) through the small hole
at the underside of the source holder. DO_NOT TOUCH OR

R2 | DE_QOF E_SOURCE (the radiocactive material
is at the top end of the source) As already said above it
is wise to handle the source using tweezers or thin rubber
(plastic) gloves to prevent the corrosive grease from the
fingertips from entering the surface of the source and to
prevent fingers from eventual contamination if the active
source disc should have been damaged.

Insert the source (by pressing it gently) to its hole in the
tource holder (the active disc end of the source must point
out (up), of course) and - still holding the source hnlder
upright - screw the source holder carefully inside the
collimator. As you feel the holder to stop inside the
collimator you must not try to screw it further to avoid
damage %o the threads. Fasten the locknut at the holder.

Install the collimator, sheet pressing cup and detector to

it's place and fasten the two allen key screws of the
detector collar.

Q WHEN TO CHANGE THE SOURCE

The half life decay time for Promethium is about 2.4 years.
Within this time the intensity of the source will go down to
a half of the original one. As the pulse counting time gets
inconvenientl, long (to obtain a proper level of pulses

through the sample) it is the time to replace the source by
a new one:

The old source

Remove the old source according to the procedure above and
put it 1nto the metal can 1n whlch 1t was delivered. ;L_Lg_g

Although"the old
sources are very weak (dead) they - according to the legis-

lation of most countries - must be stored for possible
lat~ inspection by the local Institute for Radiation Safe-

ty. Most institutes also receive old sources (for storage
or disposal treatment).
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The new source:

CLEANING

Insert the new source (by pressing it gently) to its hole in
the source holder. The active disc end of the source must
point out (up), of course. You may recognize the active end
from the tiny (1.3 mm in diameter) active (darker) disc at
the bottom of a small cavity drilled at the end of the
source rod. Save the metal can of the source for later use.

Holding the source holder upright screw the source holder
carefully inside the collimator. As you feel the holder to
stop inside the collimator you must not try to screw it
further to avoid damage to the threads. Fasten the locknut.

Place the detector and the sheet pressing cup according to
the instructions given above and fasten the detector with
it's collar to the frame.

OF THE COLLIMATOR AND THE SOURCE

If the zero flix decreases quite rapidly it usually signals
operator that the collimator gets dirty. In some cases loose
fibers or filler particles from the surface of the sample
(e.g. laboratory handsheets) may enter the collimator tube.
The dirt absorbs radiation and must therefore be cleaned
out.

Clean the collimator according to the following procedure

Procedure A.

Insert a piece of thin cardboard (size approximat-
ely 10 x 10 cm) into the measuring gap. Take the
pumpette (bellows) delivered along with the tester
and fit the nozzle at the end of the hose onto the
small hole at the side of the collimator. Using
the piece of board lift up the brass sheet pressing
cup and squeeze the bellows a couple of times to
torce air to the collimator. The air then forces
possiple dirt up and out from the collimator tube.
The piece of cardboard prevents dust from entering
up into the sheet pressing cup through the measur-
ing opening.

Check the zero flux. If no change in the zero flux
reading was to be seen there might still be dirt in
the collimator that requires more thorough clean-
ing according to the procedure below :

Procedure B.

Remove the detectos (see section 8) and lift up the
collimator.

Take a plastic bag, a piece of plastic hose about
0.9 mm in diameter (obtainable through AMBERTEC or
could be obtained by removing the plastic insula-
tion from a thin electric wire) and a cotton end
stick (commonly used in the cosmetics) or a piece
of swab. Keeping the collimator in upright position
(i.e. as it is in the detector frame) remove the
source holder screw from the collimator by turning
it counterclockwise. It is wise to work above the
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opened plastic bag: if you should drop the source

it will not get lost but will be retained in the
bag.

Hold the collimator above the opened plastic bag
and clean the collimator tube by dropping the piece
of the plastic hose through the collimator.

DO NOT ATTEMPT TO USE ANY METAL WIRE TO CLEAN THE
COLLIMATOR AS THE SOPT BRASS COLLIMATOR SURFACE
WILL EASTLY BE DAMAGED. This will decrease the
precis. f the measurement.

Very gently wipe the surface of the beta source
clean from eventual dirt using the cotton end stick
(cr swab) and put the stick also into the plastic
bag. THERE IS A VERY THIN METAL WINDOW ON TOP OF
THE SOURCE, MADE OF PALLADIUM AND OF SILVER 7TO
PREVENT ANY CONTAMINATION. DO WNOT SCRATCH THE
SOURCE SURPACE TO PREVENT ANY DAMAGES TC THE
SOURCE. USE HO HARD MATERIAL (METAL, PLASTIC,
WOOD) FOR CLEANING!

Close the plastic bag and store it for inspection
before disposal. Screw the scurce holder clockwise
into the collimator, fasti«. the locknut, install
back to the detector frame, check the zero flux
level and fasten the detector.

EXTERNAL RADIATION AROUND THE TESTER

The tester has been {ested by the Finnish and Swedish gov-
ernmental offices for radiation safety. Under normal use no
external radiation was observed even when using 8 mCi sour-
ces that were available at that time. At the moment the
highest activity available through Amersham is 3 mCi in this
kind of a point source.

According to measurements carried out by the Swedish govern-
mental office for radiation safety (SSI) following levels of
radiation were observed. Please note that in the test the
tester was Joaded with a 5 mCi Pm-147 source as the sources
obtainable foday are of 3 mCi oply :

- dess than 2 uSv/h with paper in the
measuring gap, i.e. with closed gap,

- 12 _uSv/h with totally open (2 mm), empty
gop

Assembled device, measured at the gap height, at a
aastance Of 10 cm from the source:

- v/h with totally open
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(2 mm), empty gap.

The above exposure rates are nejligible under
normal operation of the tester. Thus the user will
not be exposed to radiation and no personal radia-
tion dosimeter will be necessary.

is

uSv/h = microsievert per hour
uSv/s = microsievert per second
i uSv/h equals to C.1 mrem/h (mR/h)

The measurements were carried out by SSI, Sweden,
(the Swedish governmental office for radiation
safety) using a Philips ZP 1430 GM tube with brass

lens (made by SSI) and a Bicron type Labtech scaler
ratemeter.




AMBERTEC Beta Formation Tester 80 « AMBERTECe

8. REMOVAL AND INSTALLATION OF THE DETECTOR
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REMOVAL AND INSTALLATION OF THE DETECTOR

Handle the scintillation counter detector carefully. There
+= a vacuum photomultiplier tube inside the detector casing
and rough handling of the detector may cause dislocation of
the multiplier dynodes inside the tube.

Remove the detector as follows

Adjust the high voltage to zero using the high voltage
setting potentiometer at the front panel of the control unit
box. Remove the high voltage cable from the contrcl unit.

Remove the two Allen key screws fastening the detector
collar to the detector frame (key delivered in the tool
set). Do not touch the three small Jlocking screws that lock
the detector to a xight level in the detector collar,

Take a firm grip to the detector collar with your right hand
and support the sheet pressing cup at the lower end of the
detector to prevent the cup from dropping down. Gently lift
the detector upwards. The detector fits quite tightly to
the detector frame; it may be necessary to rotate the collar
with the detector slightly when lifting up. When lifting,
reme 2:r to support the brass sheet pressing cup with your
left nand finger all the time. The cup must not be dropped
because it will easily be “*+ "~med and when deformed it may
jam to the 1letector collar .hen the sample movement may be
disturbed (the sample e' ner jams or will not be pressed

against the collimator - both cases causing incorrect re-
sults).

I It is worth to notice,
however, that the transmittance of the outputting radiation
is relatively low: it does not pass through a board sheet of

350 g/m* and it will easily be stopped by clothing or the
utmost layers of the human skin.

Now you may remove the sheet pressing cup and carefully lay
the detector 51deways to a level surface.
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by supporting the sheet pressing cup at the lower end or the
detector. Fasten the two Allen Xkey screws but not too

tightly to prevent any damages to the alumiuium threads at
the detector frame.

Fasten the high vol)tage cable to the ¢ ntrol unit and adjust
the high voltage using the high voltage setting potentiomet-
er. If the high voltage cable has Dbeen removed from the
detector fasten *he cable to the detector casing using
plastic bandage or electric insulation tape.

REMOVAL AND IRNSTALLATION OF THE DETECTOR INTO THE COLLAR

If it will be necessary to remove the detector from it'e
collar unscrew the three Allen key lo-king screws until you
can slide the detector out (upwards) from the collar.

When r~installing, take care not to damage the collar, the
detector tube or the sheet pressing cup.

Before you tighten the detector locking screws gently insert
a 2.0 =a thick gauge (the surface and edges of the gauge
MUST be scratchless) in.o the gap between the collimator and
the sheet preseing cup. Take care not to damage the po-

lished surfaces of the collimator and the sheet pressing
cupl!!

Slide carefully the detector downwards until you feel it to

touch the bottom of the sheet pressing cup. Tighten the

three locking screws - not too tight however, to prevent
damages to the detector.
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OPERATION MANUAL Ser.nr.

Copyright AMBERTEC Oy 1988

ALL RIGHTS RESERVED.

REPRODUCTION IN WHOLE OR IN PART OF ALL MATERIAL IN
THIS PUBLICATION, INCLUDING DRAWINGS AND DIAGRAMS,

IS FORBIDDEN.

THIS INSTRUCTION MANUAL IS CONrIDENTIAL TO AMBERTEC Oy,
AND IS SUPPLIED FOR USE ONLY IN CONNECTION WITH THE
OPERATION AND/OR MAINTENANCE OF THE EQUIPMENT TO WHICH
1T RELATES AS SUPPLYED BY AMBERTEC Oy. THE CONTENTS
MUST NOT BE USED FO!! OTHER PURPOSES, NOR DISCLOSED TO
ANY THIRD PAFTY, WI'HOUT PRIOR WRITTEN CONSENT OF

AMBERTEC Oy .
ALL RIGHTS RUSERVLD
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1.  TECHNICAL SPECIFICATION

Measuring principle :

Speed of measurement :

Measuring aperture

Kovement of specimen :

Distance between adjacent points

Humber of measured points :

X-direction
Y-direction

Pulse counting time :
Width of sample sheet :
Length of sample sheet

Grammage range :

Width of measured area :
.

Source of beta-radiation :

1" = AMBERTZCe»

Transmittance of beta radiation

The routine measurement (consisting
of 400 measured points, pulse count-
ing time of 1 second) takes less
than 14 minutes using the computer
according to specifications beluw.

! mm

Stepwise scanning. During pulse
counting the specimen is stationary.

t 3,5 mm (default) in X- and in Y-
directiins.

The distance is separately adjust.

able in both directions.

400 kpl (default), adjustable be-
tween 2.,.99¢9

20 pes ‘4efauvic), adjustable
20 pes  lefault), adjustiable

The measuring program gives the
dimensions of the area to be meas-
ured.

1 & (default) per point.
Adjustable between 0,1...20 s

«aX. 210 mpn (A4 format width).
Unlimited.

20...300 g/m'. At grammage levels
below 30 g/m' a light pressure cup
i8¢ to be used (obtainable through
AMBERTEC) .

about 70 mm (length of measured area
depends on the length of the sheet)

Promethium-147, NO OTHER NUCLEAR
ISOTOPE MUST BE USED.

Sealed type source, nominal activity
3 mCi, type Amersham PHCK 3556 (type
code might vary according to the
supplier) capsule type X110, The
distance between the source and the
detector is adjustable.

In the use of the tester the local
legislation for radiation safety is
to be followed. In Scandinavia a
permission for use, given by the
local Institute for Radiation Safety

OFRCIAL RECORD coPy R 10 11643
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Collimator

Detector of radiation

Measuring gap

Scanner mechanism

Computers

12 s AMRERTECe

is required. The permission names
the local person in charge of radia-
tion safety.

Brass, Diameter of the collimator
tube ' mm, length of the collimator
2.5 mm

Scintillation counter detector
Type, Nuclear Enterprises DM1-1,
Scintillator : NEB10, Plastic

The distance betwesn the beta-source
and the detector is less than 10 mm,
A brass sheet pressing cup (around
the end of the detector) presses the
specimen tightly agairst the col-
limator thus preventing the novement
of the spccimen up and down in the
gap. The distance Dbetween the
collimatcr and the sheet pressing
cup (i.2. the measuring gap) 1is
adjusted. to 2 mm.

The sanple to be measured is rolled
around the sample spool or is fed to
the tester one sheet at a time. The
movements are performed using step-
per motors. The detector and the
source of radiation are fi.ed to a
scanning detector frame (X-direc-
tion). The specimen is moved through
the tester by nip traction.

The movements and the Lulse counting
is concrolled by = CPU card which is
connected to the main coutroller via
an RS5-232 se.ial interface.

The main ~ontroller is an IBM-PC/AT
-compatipole computer fulfilling
following requirements:

640 kB RAM, clock fregquency 10 MHz,
floppy disc drive reading at least
360 kB format, hard disc, Centron-
ics-port (for printer), 2 pcs RS-232
serial ports, keyboard, monochroma-

tic (Hercules) or EGA display, MS-
DOS 3.3.
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The programs

AC-connection

Operational conditions:

13 = AMBERTEC»

The measuring nrragram prints out in
colour (matrix printer STAR LC-10
Tolor and compatibles).

The programs are stored on a 360 kB
format floppy <isc from which they
can be installed (copied) to the
hard disc. Programs are not copy
pretected but the user company name
will be printed to the printouts.

It is the policy of AMBERTEC ¢to
supply the new version to all AMBER-
TEC Bete Formation Tester owners
whenever the program has been up-
dated. This gives the benefits of
developments to all users and mini-
mizes the versionz of programs
around. For this reason no mnemonic
source code of the programs will be
supplied.

Three (3) connections with protec-
tive grounding (Schuko) 220 V :

one for AMBERTEC Beta Formation
Tester (220 V =2 10 %, 50 Hz),

one for the computer and one for the
matrix printer.

If there are strong variations
(transients) in the AC supply net-
work a static regulator or an un-
interrvptible power supply (UPS) is
recomrended.

The AMBERTEC Beta Formation Tester
has been designed for continuous
operation, The device has been
protected by electrical fuses (3
pcs: 2 in the controller box and 1
in the controller computer).

The tester 1is aimed for use in
ordinary laboratory rooms. However,
the tester should not be exposed to
severe vibrations (sometimes present
at paper mill laboratories) as the
detecteor dynodes (in a vacuum photo-
multiplier tube) might be dame=c4,

As paper 1s very hygroscopic pos-
sible variations in the humidity of
the ambient atmosphere will affect
the grammege variation of the sheet
thus aff ~ting also the formation
index. Therefore it is recommended
to use the tester in laboratorie.
incorporating proper air condition-
ing for constant climate.
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Measures: Soecimen scanner : (width x height x
depth) 45 x 17 x 27 om

Control unit box : 35 x 20 x 45 cm

Computer
Keyboard
Moniter screen
Matrix printer

Space requirements : Specimen scanner should be placed at
the table in such a way that the
operator may stand on the right side
of the scanner.

To minimize the table size the
tester may oe installed such that
the specimen scanner, monitor
screzn, keyboard and printer are at
the table and the computer and the
control unit are placed on shelves
under the table (necessary ventila-
tion for computer to be provided).
The tester then requires table area
of about 120 x 60 cm,

If all modules of the tester will be
placed on the table the tester

regquires about 200 x 60 cm of table
area.

No restricted area reservations (due
to the radiocactive source) are
necessary.
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2. CONTROLS AND CONNECTORS
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MAR 05 1990

Docket No. 030-31314
Control No. 111643

M/K Systems, Inc.

ATTN: Otto J. Kallmes
President

12 Garden Street

Danvers, Massachusetts 01923

Gentlemen:

This is in reference to your request for a byproduct material license.
In order to continue our review, we need the following additional informat on:

1. In Item 5. of your application you request authorizatiun for promethium=147
with a maximum activity of 12 millicuries (mCi). However, you do not
indicate in what form the radioactive material will be, what the m»ximum
activity per source will be, or the exact model number of the scurce.

Please provide the above information,

2. In Item 6. of your application you state that the source will be an
integral part of a Beta Formation Tester. The informaticn provided
does not indicate specifically what the gauge will be used for.

Please provide the above information.

3. In your application there is no indication as to exactly what type of
service your company will be providing. There must be an explanation
stlting specifically the activities you are requesting authorization
for. For example, will you be a gauge distributor, service facility,
installer and/or training provider?

Please provide the above information.

4, In Item 7. of your application you state that you have received training
in the use of the equipment which employs th: promethium=147 source.
Further, you indicate that the training was provided by Mr. Antero Komppa
from the manufacturing company. There is no information provided as to
when the training took place, how long it lasted cr the topics covered.
Also, there is no indication of Mr. Komppa's qualifications to perform
such technical training. Furthermore, in I.em 7 there is no indication

OFFICIAL RECORD COPY ML 111 ECKERT = 0001.0.0
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that you have received training in brsic ‘adiation safety which includes
the following topics:

a. The principles and fundamentals of radiation protection and good
safety practices related to the use of radicactive materials.

b. Radioactivity measurements, use of radiation detection i..truments
and monitoring techniques.

¢. Biological effects of radiation.
d. Procedures for performing the services requested.
e. Actua®l practice in performing the services.

The information described abose must be addressed for each individual you
request to be listed, as an authorized user, on ysur iicense. The name
of each individual must be indicated.

Please provide the above information in the form of course outlines,
resumes and other such relevant material.

In Item 8, of your application, you state that no other employees will be
involved with the gauge. However, Item 10 states that a total of six
employees will ba presented with a brief description of the use, care and
precautions regarding the gauge, at least twice a year. It is necessary
to #istinguish who will be installing, handling and servicing the gauge
and source and which employees, if any, will be providing traininy on the

use of the gauge and the installation of sources. Employees n ' listed as
authorized users who will be working under the direct supervis d 1in
the actua) presence of an authorized user must receive training nly
on gauge operation but also on radiation safety. This iraining » be

given by a qualified individual. The training must be provided pr or to
the use and handling of the gauge/source and at least annually thereafter.

Please submit the above information which should include resumes, outlines
and other such relevant information or statements.

In Item 9 of your application, you state that the gauge will be located
<n a bench in your electronics shop. A diagram of your facility, which
includes the specific locations of gauge use, servicing and storage and
an indication of the surrounding rooms and areas, was not included.

Please provide the above information.

OFFICIAL RECORD COPY ML 111 ECKERT = 0001.1.0
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7. In Item 11 of your application, you state that a depleted source wili
be returned to the supplier (Amersham [nternational) after a period of
two years. The application does not indicate whether your company will
be obtaining new sources, installing them and then returning the old
sources or whether you are leaving any one or all of these tasks to the
purchaser. Procedures for ordering, receipt, installation, safe handling
of radioactive materials and return of sources to the supplier are needed.
If any of these activities wil) be conducted by the purchaser, you must
submit the mode)! procedures you will be recommending each purchaser follow.

Please provide the above information.

8. In your license application, you do not address the requirement for leak
testing of sealed sources and the interval at which the testing wil)
occur. Please provide the following information:

2. The exact procedures for leak testing each source.
b. The time interval at which testing will occur.

€. Who will perform the leak testing; if performed by an NRC or Agreement
State licensed facility, provide the name and license number. If
provided by any other facility, provide a copy of their leak test
procedures. If performed by yourself or the purchaser submit the
exact procedures to be followed including the counting of the leak
test sample and the qualifications of the individua)l performing the
procedure.

Piease submit the above infurmation.

9. In your application, you do not indicate what procedures will be followed
by your staff in the event of a damaged or leaking source. The procedures
should include, but not necessarily be 1imited to, actions to prevent
contamination and who will be notified in case of an emergency.

Please submit the above information.

10. In your application, you do not specify if you possess any radiation
detection instruments which are available at your facility. Please
provide the name of the manufacturer, the model number of the instrument
and probe appropriate for the ype of radiation in questian. You must
also describe the procedures for calibrating the instrument. If this
will be done by another company, provide their NRC or Agreement Staie
Ticense number or a copy of their calibration procedures.

Please provide the above information.

OFFICIAL RECORD COPY ML 111 ECKERT = 0002.0.0
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1.

12.

13.

In your application, there is no indication that personnel monitoring
devices wil)l be provided to vour employees. Companies engaged in the
servicing, fnstallation, relvcation or shipping of source containing
gauges must provide extremity monitoring devices to all employee's
engaged in licensed activities.

Please confirm that extremity monitoring will be provided.

In your application, you do not indicate that all servicing will
be conducted in accordance with the manufacturer's specifications
and instructions.

Please confirm,

In your application, there is nc reference to the type of training you
will provide te each individual who purchases ¢ gauge. This training
should include, but is not limited to, operation, safe source handling,
care and maintenance and radiation safety. Procedures for the clssning
of the collimator opening should be outlined.

Please submit the above information.

We will continue our review upon receipt of this information. Please reply
in du§11cctg to my attention at the Region I office and refer to Mail Control
0. 1 '

If we do not receive a reply from you within 30 calendar days fro. .he date of
this letter, we shall assume that you do not wish to pursue your application.

Sincerely,

Original Signed By:
John D, Kinneman

John D. Kinneman, Chief
huclear Materials Safety Section B
Division of Radiation Safetv

and Safeguards

Enclosures:

1. 10 CFR Parts 19, 20, 30 and 32
¢. Regulatory Guides 404-4

3. Form NRC-3

/
R} 6RSS
3 /s87pmb nneman

92/ 14+ /90 02/(} /90
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& NUC REGULATORY ILLINOIS INDIANA ICWA MICHIGAN, MINNESOTA MISSOURI OMIO OR
Mcﬂzg AND umm SAFETY NMSS WISCONSIN_ BEND APPLICATIONS TO
US NUCLEAR REGULATORY COMMISSION. REGION i1
ALL OTHER PEAKONS FILE APPLICATIONS AS FOLLOWS o YOU ARE MATERIALS LICENSING SECTION
LOCATED IN 198 ROOSEVELT ROAD
GLEN ELLYN, 1L 8013
W %nm mwv NEW YORK PENNSYLVANIA nnm COLORADO IDAMD KANBAS LOUIBIANA MONTANA NEBRASKA
AHODE ISLAND OR VERMONT TIONS 7O NEW MEXICO, mvu ohou OKLAMOMA SOUTH DAKOTA, TEXAS, UTAM,
OR WYOMING, BEND APPLICATIONS TO
US NUCLEAR REGULATORY COMMISSION REGION |
NUCLEAR MATERIALS SAFETY SECTION §

US NUCLEAR REGULATORY COMMISSION REGION IV
7 ALLENDALE ROAD MATERIAL BADIATION PROTECTION SECTION

KNG OF PRUSSIA. PA Toae 611 BYANPLAZA DRIVE SUITE 1000

ARLINGTON Tx 76011

ALABAMA. FLORIDA GEORGIE. KENTUCKY muaum ww
Mmovuoo BOUTH CAROLINA nm ALASKA AR CALIFORNIA MAWAIL NEVADA OREGON WASHINGTON
WEST VIRGINIA. BEND APPLICATIONS T AND U S TERRITORIES AND POSSESBIONS IN THE PACIF IC. SEND AVELICATIONS
T
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PEABONS LOCATED IN AGREEMENT STATES SEND APPLICATIONS TO THE U S NUCLEAR REGULATORY COMMISSION ONLY 1F THEY Wik TO POSSESS AND USE LICENSED MATERIAL
INSTATES SUBJECT TO US NUCLEAR AEGULATORY COMMISSION JURISDICTION

1 THIS 1S AN APPLICATION FOR (Oheck aoprapriete item) 2 NAME AND MAILING ADDRESS OF APPLICANT (inciute 2o Code/
] A wEw LicENsE OTTO J. KALLMES
B AMENDMENT TO LICERSE NUMBER M/K SYSTEMS, INC.
€ RENEWAL OF LICENSE NUMBER 12 GARDEN STREET
DANVERS, MA 01923
T ADORESSE8) WHERE LICENSED MATERIAL WILL BE USED OR POBSESSED o
SAME

" NAME OF PERBCN TO BE CONTACTED ABOUT 1118 APPLICATION TECEPHONE NUMBER
OTT0 J. KALLMES (508)774=1880
SUBMIT ITEMS 6 THROUGH 11 ON B « 11 FAPER THE TYPE AND SCOPE OF INFORMATION TO BE PROVIDED 1S DESCRIBED IN THE LICENSE APPLICATION GUILE
8 RADIDACTIVE MATERIAL

& Dement and mas numbier. b chemical ang/or Physes 1o/m . and ¢ TaLImMUMm amount 6 PURPOSE(S) FOR WHICK LICENSED MATERIAL WILL BE USED
which will be pawessnd ot #ny One time

? / $) L L T ¢ )
T AINIWG AND ERPERIENEE | ACIATIONSAFETY PROGRAM AND THE B TRAINING FOR INDIVIDUALS WORKING IN OR FREQUENTING RESTRICTED AREAS

§ FACILITIES AND EQUIPMENT 10 RADIATION SLEETY PROGRAN

77 CICENGEE VEES /See TOCFR 170 and Section 170 31
11 WASTE MANAGEMENT AMOUNT
ek caTEGORY 3P |encioseo 8 230.C
-t

13 CERVIFICATION (Must be completed by applicent) THE APPLICANT UNDERSTANDS THAT ALL STATEMENTS AND REFRESENTATIONS MADE IN THIS APPLICATION ARE

BINDING UPON THE APPLICANT

THE APPLICANT AND ANY OFFICIAL EXECUTING THIS CERTIFICATION ON BEMALY OF THE APPLICANT NAMED IN ITENM 2 CEATIFY THAT THIS Ape “'ON 18

PREPASED INCONFORMITY WITH TITLE 10 COOE OF FEDERNAL REGULATIONS PARTS 20 32 33 34 35 AND 40 AND THAT ALL INFORMATION COV I HEREIN

I8 TRUE AND CORRECT TO THE BEST OF THEIR KNOWLEDGE AND BELIEF

CARNING 1BUSC SECTION 1001 ACT OF JUNE 26 18 62 5TAT 745 MAKES IT A CRIMINAL OFFENSE TOMAKE A WILLFULLY FALSE STATEMENT OR REPRESENTATION

TO ANY DEPARTMENT OF AGENCY OF THE UNITED S ATES AS TO ANY MATTER ““THIN IT§ JURISDICTION
SIGNATURE -CERTIFYING OFFICER ]wno'n«-mmmm TITLE l(u‘!!

OTTO J. KALLMES PRESIDENT 10/30/89
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Cromethium 147, Maximum Activity 12 mi.

The source is an integral part of the Beta Formation Tester, and
will never be removed from it except for replacement.

Otto Kallmes has been trained in the use of the equipment employing
this source, the Beta Formation Tester, by Mr. Antero Komppa, the
founder of Ambe-tec OY, the Finish company manufacturing it. Or.
Kallmes is a graduate chemical en?ineer (Northeasterrn Universit{
1954) and has a PhD from the Institue of Paper Chemistry in Appleton,
wisconsin.

No other employees of M/K Systems, Inc., will be involved with the
Tester.

The Tester will be located on a bench in our electronics shop
for test ..

we have a total of six employvees, and 1 will prec ..t a brief
description of the equipment, its use, care, & . precautions at
least twice a year.

The source will be returned to the supplier, Amersham Internatioral
after two years for replacement by a new one.




N ¢ q 0 R
N0 F Eh. ot o B

CK WHEN MILESTONE D% IS ENTERED

K
F o AN BOS B HOBG D :.’.Q-..-
APPLIC ¥ ROC 551 FOR S

e -

— EE-------_—-——_--
No-‘-‘-u--
e A -

e e S ——




VOID SHEET

T0: License Fee Management Branch

roM: K £910N i

SUBJECT: VOIDED APPLICATION

Control Number: I “ lgg 3

Applicant: I!)M Ssﬁﬁm&, Im.

Date Voided: 9 -05-0%

Reason for Void:

anature te

Attachment:
Official Record Copy of
Voided Action

FOR LFMB USE ONLY

Final Review ot VOID Completed:
Refund Authorized and processed
™~ No Refund Due
Fee Exempt or Fee Not Required
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5

OFFICIAL RECORD CoPY MLI



