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- 12 Gards Street o Danvers o Mas:achusetto @l925 o 508/774 1880
FAX 508/774-5202'

TELEX 951464

o*SO 3IMIV

SYSTEMS
INC.

April 17, 1990

N' jct! ^ "1EGULATORY COMMISSION
475 Aaendale Road

|King-of Prussia, Pennsylvania 19406

Attention: Chris Eckert

Oear Mr. Eckert:
!

We wish to withdraw our application (Main Control No jl1643)
for a license to use a 3 mci Promethium 147 source from Amersham

,

j

-37.i in conjunction with the Ambertec Formation Tester.
j

ll

Yours truly,
|

M/K SYSTEMS, INC.'

%
Otto J. Kallmes -i

-
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03&la "ic

k ''
@%

c: John D..Kinneman, NRC 25"
Antero Komppa, Ambertec Oy iN]

~,o g

&9010110290 900417
REG 1 LIC30 g.

g ,

,

onggg .

nno ///6V3
0R1001. RECORD CDMM APR 201990

__. -



,w-

!

i

... ~ ,. . ,- . , , .~....s

mcwa n<n, rn lu sp n-,, _ oao.-3 nit
du Lanc q 4, py.- na m . . . 9

:

(, . A ..W(0 ( C4 $ Y C. . & h. 6 +L+ 4$YC V r* US L Yy
1-

-Se d<k,cu, le &< < he W - dee'. J c d >w4 , b oW' x tiJ.n e_ |
'

n. .

& -the p eke n 4 p k. Ile wHI -h.; lo dai-M h4e J b . .,_;

'

y .

no4 %.b (auns|n crc -i% u k/ sowe e ..

M r W i t -rs vu ok e L _do. fw+ 4 Jc. le e c c q M 4 A k s-_ _ _ J,
a eM he 00;ded . Lohl wpIy. .g

.

,. .

,
_

h c. Y b 6-Po

.

;

, - - , , ,

e+i.--- 3
-

|

'
, + . 4 -m-s.-. ,. a m,w.,ay,pe.g. u p--

'
4 en a k s(4h. ms esht a -y eg 4 = v2p a e.t ,,.ehm%.- F.-e pp, dp w,m e g .

._ - ..... . ~ ,

-..- . - - - .

1LS - . . . . , ,

L



5 cW YA D E.R4 X L L a7
'

P.@.9em O
esen espoo, rwans
Penne : +assoasa see
Fan 1 4 386 4 48R 888

L Date _ April 06, 1990 /nS-4
LA

U.S. Nuclear Regulatory Commission
- Region i
Attn : John D. Kinneman

Chief, Nuclear Materials Safety 4

475 Allendale Road
King of Prussia
Pennsylvania 19405
U.S.A.

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).' - I would like to comment on
some of the topics in the uidei mentioned in your letter.

1) The sealed Promethium sources in question are made by Amersham
International, U.K. and imported to U.S.A. by Amersham Corporation
(Illinois, contact person: Mr. Hugh Evans). The activity of the source is 3
mci und the active material is encapsulated in a tvoc PHC.32 camule.
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 may not have access to the source without special tools (e.g.
an Allen 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 per.sonnell
(technicians) that are authorized by NRC to use radioactive sources.
Thus the customer's personnell already do possess the basic knowledge in
radiation safety. gg
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 1
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work according to instinctions given in the ruanual of the tester'(see n = i
'

copy enclosed).-- M/K Systems Inc. could clso safely install the source into
the tester according to these instructions.

'

! All servicing of the tester will be carried out by AMBERTEC Ltd
specialists, in Finland. +

i

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

note that the customer's operators in question already do posress the .

L knowledge in radiation safety. |.

,.
.

'

4) I have personally trained Dr. Kallmes to use the tester as well as to
| Install and to handle the promethium 147 source. The training was

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

1
| -

AMBERTEC Ltd is authorized to possess and to use the above sources
t,y the Finnish governmental office for radiation safety (STUK,
Siitellyturvakeskus, license nr. 4136/L1/89),

in the-training we have cuvened all the topica ncocumy.
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 casily be stopped by clothing or the outest layer of sidn: the
radiation will not penetrate through a material layer of 350 g/m2).

Handling of the Pm 147 somce-
Irocedures for performing the services. requested 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

| (SSI) novernemental omces do not reauhr a monitor or a dosimeter at
aH.

5) I suppose that the item 8. in the.M/K application states the number of -

.

customers for which the training is given. I 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).

6) No commerns..

7) 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,.

L
_ __ , _ __ _
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safe handling _and return procedures are familiar to them already. I am'.

sure you do know that the mills do use much stronger sources in the ;
.

_

paper rnachine on.line bash weight gauges (usually containing krypton, !

strontium or thallium isotopes). - :i

.

The sources are ordered from Amersham 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 ebarge of the deliveries
(we have already ought the PHC.32 sources from' Amersham ,

International for about 25 years). ,
,.

The source will'bc delivered in a tin can, containing a lead can, according
to the safety precautions. The purchaser is advised to store the can as ~

'

well as the documents enclosed with the somce. The old decayed source
~

,

will then be returned to Amersham Corporation in the original package.

8) 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. :
,

L

9) 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.

1
The source is in a solid form, sandwiched between solid silver and
palladium 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.
Above the source holder is a solid brass sheet' pressing cup and the
aluminium tube containing the scintillation detector. Thus.it is practically
impossible 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 Forr#. ion Tester, contaming a nye millicurie
Pm 147 source was examined: Durino the use 6 the tester no external
radiation above the backaround could be found on the accessible surfaces
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 rem per second.

. - - - . - .._-. . - - _. --. . .



F . V .r 10) As the radiation of the Pm.147 source is very soft beta, only some'special
_

. testers will be able ts detect the radiation. AMBERTEC uses a.
BRRTHOLD LB 1200. tester with a special window fcr the soft beta.

L in the Scandinavian countries no radiation testers will be required. The
'

NRC license NR 129.D 101 S peither does specify any tester necessary.1
~

-11)- Please, note, that the source is of Promethium 147 and the activity is 3
mci only. As mentioned in item 9, above, during the use'of the tester
no external radiation above the background can be found on the-
accessible surfaces of the tester. _ Derefore 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. . .!
.i

12) As mentioned above in item 3 all necessary servic.ing of the tester will be j
carried out by the manufacturer, AMBERTEC Oy (Ltd.) in Finland, j

1

M/K Systems Inc. will use and' train the operators to use the tester in ;

accordance with the manufacturer's specifications and instructions.
i

13) As mentioucd above, in item 5, M/K Systems Inc. will provide the
operator training necessary for the customer, The toples 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 i

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 j
tester in question.

You do state in your letter that you.would close the procedure in case of ;

no reply within 30 calendar days. As I received the copy a couple of
'

days ago, I wir*i that you would, however, still consider the case if M/K _ ,

Systems Inc. would still like to proceed, j

Should you have any comments or questions'about the tester or about
our quilificatio'n, 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)

&.% %
I Antero Komppa

-

M.Sc.(Eng.), Chairman [
cc. Dr. Otto Kallmes, M/K Systems Inc. gg
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XAMBERTECE a m,o o, .
P.0 ass se
Cur 71 ESPoo, Finland
phen. : .senese saa
ran +ase ses -

Date April 06,1990 -

-

O
u.S. Nacies, R sia.n,y c-i. -
Re, ion I
Atta : Jaha D. Klaneanna - . >

Chief, Naclear Maeorials Safety
475 Allendale Road !

lKing of Pressia
Pennsylvania 19405
U.S.A.

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). I 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, U.K. and imported to U.S.A. by Amersham Corporation -
(Illinois, contact person: Mr. Hugh Evans). The activity of the source is 3 , ' f

mci and the active material is encapsulated in a tvne PHC32 canmla.
According to the manufacturer the source is'a mixture of promethium
oxide and silver that is sandwiched between thin palladium and silver I
layers. Amersham International supplies the sources under type code ]

,

'

PHCK 3556. 1

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 ti.e tester and is located inside the tester in such a way I

that the user inay not have access to the source without special tools (e.g.
an Allen 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.

'

j

| The beta radiation source in the tester will be replaced every third year. |
s

g The mill personnell in charge of radioactive material will carry out the

gggg, RECORD COM NL le iIIM38
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work eccording to instructions given in the manual of the test:r (see a.

: copy enclosed). M/K Systems Inc. 'could also safaly inst:ll thf source intot.. -

| the tester cccording to these instructions.
.

All servicing of the tester will_be carried out by A' BERTEC 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 possess the i

knowle:lge in radiation safety. l
a

4) I have personally trained Dr. Kallmes to use the tester as well as to
int. tall and to _ handle the promethium-147 source. The training _was ,

carried out twice'(in June 1989 in Finland, for 2 days and in October {
L989 in Switzerland, for a half day).

AMBERTEC Ltd is authorized to possess and to use the above sources- j
by the Finnish governmental. office for radiation safety (STUK, !

Sateilyturvakeskus, license nr. 4136/L1/89).-

In the training we have covered all the topics necessaty:
- The principles of radiation protection and good safety practices (see the ;

copy of the manual, as well).
- Biological effects of rr 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 pe> forming'the services requested and j
- Actual practices in performing the services

'

'

!

We have only very slightly covered the radioactivity neasurements and y
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 i

(SSI) aovernemental omces do not reaulm a monitor or a' dosimeter at ,

all. 1

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

!

Basically the M/K representative will teach the information given in the- 1

operation manual (copy enclosed). '

6) No comments.
,

7) 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, .

!

- _ _ _ _ _ _ _ - -



- safe handling and return procedures are f2miliar to them clready. I cm -2
_

sure you 'do know that the mills do use much strong 3r sources in the
- paper machine on line basis weight gauges (usurlly containing krypton,
.trondum or thallium isotopes).'.

The sources are ordered fronc.Amm6a 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-
to the safety precautions. The purchaser is advised to store the can'as

_

well as the documents enclosed with the source. The old dayed source 1

will then be returned to Amersham Corporation in the original package. !

8) 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 j
and an immersion test for each of the sources,

j
,

1
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 - j.

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.

9) 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. I

The source is in a solid form, sandwiched between solid silver and i

- palladium 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 j
solid brass source holder with a collimator hole of 1 mm in diameter, j
g ve the source holder is a solid brass sheet pressing cup.and the ~ l.

Ialusium tube containing the scintillation detector. Thus it is practically
impossible 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, containing a five millicurie
Pm 147 source was examined: Durina the use of the tester no external 4

radiation above the backaround could be found on the accessible surfaces i

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 reta per second.

m ..



p 10); - As the radiation of the Pm 147 ' source b very soft beta,.only some special
testers will be able to detect the r:diation. AMBERTEC uses a
BERTHOLD LB 1200.-t:: star with a special window for the soft beta.

In tne Scandinavian countries no radiation testers will be required.1 The
NRC license NR 129 D 101 S neither does specify any tester necessary.-

11). Please, note, that the source is of Promethium-147 and the activity is 3 l
mci only. 'As mentioned in item 9,' above, during the use of the tester -
no external radiation above the background can be found on the
accessible surfaces of the tester. Therefore no personnell radiation 1

- dosimeters will be necessary.

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

12) As mentioned above in Item 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 to use the tester in
accordance.with the manufacturer's specifications and instructions.

13) As mentioned above, in Item 5, M/K Systems Inc. will provide the
1

operator training necessary for the customer. - The topics include the !
radiation safety, handling of.the source, installation 'and removal,of the i
source, the use and the calibration of the tester according to the .- d
operation manual (copy enclosed).

;

i

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 . i

tester in question.
o

You do state in your letter that yo_u would close 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 y

our qualification, please do contact us either via telephone or telefax - i

the mail takes up to a couple of weeks to reach us.

Sincerely
.

j
AMBERTEC Oy (Ltd)

Ly
,

Antero Komppa
~

I

M.Sc.(Eng.), Chairman

cc. Dr. Otto Kallmes, M/K Systems Inc.

1
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MAMEERTECK j
APPLICATION FOR RADIATION SAFETY EVALUATION AND REGISTRATION'

1. SUMMARY DATA'

Date : June 16th,.1989
.

Applicant : AMBERTBC Ltd., P.O. Box 58, 02271 Espo'.,, ' Finland
(Manufacturer) ,

Contact Mr.' Antero Komppa, M.Sc.(Eng.), Chairman
Phone: +358 0 862 902

|Telefax: +358 0 882 963

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

( Model : Type BFT-1, all testers are numbered according to :-
mavvnnn, .(e.g. 0589009)
where enemonth, yy= year, nnn= serial number

|

Other companies involved : .

1

N/K Systems Inc.', 12 Carden Street, Danvers,
~

Massachusetts 01923
(Distributor)

,

r

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

Radioactive source model
Amersham PHC.32, Pa.147, capsule type X110
' Distributor : ' Amersham Corporation, U.S. A.

|
Radionuclides and maximum activity :

Promethium 147, activity 5 aCi e 20%

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

Princig. use codes E: Beta gauges

The device is proposed' for use under a general
license.

The devico is not a custom one.

AMeERTEC oy Puh. Tel. Tesofex Pankki Senk ' Ly , i

| Hannuksenhum 10 H 37
P.o Bos 54 (80)4B2 902 l M 882 983 shop 6721151FF07 086704&C

inn. + 3864>m2 902 int. + 5M>et2 003 KoP 111210121662
g SF4M271 ESPoo sVP 2280364206

Aniend PSP N 1.

. . . _ .
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2. SUMMARY DESCRIPTION-

The AMBERTEC Beta Formation Teiter -is a basis weight _ gauge
'

aimed for off line use at paper cuill- quality control labora-
tories._ The tester is used to- measure' the basis- . weight - !

variation of paperLin-a small sc.le and~ thus a very small' ~!

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

4

The tester is us(' at _ fixed locations typically in paper
,

mill laboratories by trained personne11 only. '

!Design of-the tester-

The detector assembly consists of - a ' scintillation _ counter
tube- detector and of a collimator and ~ source, holder. The ;

collimator-and the source holder-are-mounted onto the lower
'

beam _of- a rigid - aluminium frame and the _ L detector mwith 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 drawina in
ADoondix C.

-

During the measurement the detector assembly is scanned over ;

the paper specimen - eideways and . the specimen is advanced a i

step after each scan. All _ motions are performed' using i

stepper motors.

The tester has been designed'in such a way that-a number of !
samples - sufficient for 8.. 30 hour measuring time - may be '

. simultaneously loaded into the tester. The measurement is
carried out automatically without the need_of an operator to. '

stand by. Even when measuring single ' sheets the operator
would load the tester with samples every 10.. 20 minutes
only, depending on the measuring- parameters used. An
operator with proper skill loads the tester with-samples in
less than 30 seconds.

,

!

The beta source

The beta radiation source Amersham PHC.32.is a sealed one,
in an Amersham X-110 type capsule (a stainless steel rod,

Q 1ength 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 tho' X110 capsule

'

only - no other size capsules (sources) may be used'.

Please note that all sources in cuestion are imnorted to
the U.S.A. by Amersham Cornoration. 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

3

solid brass. Thus the source is surrounded with solid brass i

'(at least 2.5 mm in thickness) all over except the

2



collimator holo (1 mm in dicmator end 2.5 mm in 1Gngth) . The
sourca will be retcined!in it's placa ovan in tha caso- 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 futictions :-

_ |
firstly it acts like a shutter closing the measuring ' gap.-

and.
.

_ .

1

!- 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-
,

Q secured onto the upper - beam ~ of - the detector frame using j
Allen key screws. Thus the beta source may not be acciden-

.

tally removed from the device. 1

Measuring gap

The measuring gap is adjusted to a height of 2 mm witP the
sheet pressing cup at the . topmost position (normally the

;
gravitation forces the cup down to the collimator). Thr :no
parts of the human body may have accecs to the actual; meas-
uring gap. ;

External radiation levels

The tester has been tested by the . Finnish ,and ' Swedish
governmental offices for radiation safety. Under normal use v

no external radiation was observed even when using 8 , mci -
sources that were available at-that time. At the moment the

Q highest activity _available through' Amersham is 3 mci in this
ckind 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 loaded with a 5 mC1 Pm-147 source -

Assembled device. measured - as close to the beta-
source as nossible:

less than 2 uSv/h with paper in the measuring-

gap, i.e. with closed gap,

17 pSv/hfrith totally open (2 mm), empty gap-

Assembled device. measured at the can level. at'a
distance of 10 cm from the sourcer

3
.

-'
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,

. less than 2 uSv/h with totally opon (2 mm), empty.
' gap

pSv/1.'= microsievert per, hour
pSv/s = microsievert per second-
1 pSv/h eq'191s to 0.1 mrem /h.(mR/h)

,

The measurements were carried out by- SSI, Sweden,
using a Philips ZP 1430 GM; tube with brass lens
(made by SSI) 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 mi'11s = and - research--

laboratories both in Finland and in- Sweden (see Appendix-B.
,

for the List of References).-
'
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~ . DETAILS OF CONSTRUCTION AND USE3

3.1 Conditions of Use

The tester itself does not set' any special requirements 'for ,. >

the operating conditions. :However, 'as' paper is very hygro-
scopic all measurements of ' paper usually are - carried . out
- under a controlled climate. Thus the = temperature usually is t
about 25 contigrades and the humidity about 50 perscent.
The climate is standardized all over the paper _ industry. -i_

Therefore all Beta Formation Testers may be considered to bo |
*

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; inL 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'. Norma 11yfthe-

_O* 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 shift) only.; r

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 likely 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 sourco holder and collimator are made of solid brass.g 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 s a- hole on the lower . beam of the 3

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 10imm'long. Only the Amersham X110'

_3
size capsule will fit in. To enable easy.-and safe' removal of. '

the source a small hole, 1 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 Li

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
,

.
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1

-longer p3riod of tim 3. For-ths~ dust-rcmoval thoro,is:a-hole
drilled at the sido of tho collimator flango and a groovs is
machined to the-upper end of the-source. holder.- >

.i

The dust is removed from time to time as follows
(the orocedure-has been aiven in Anoendix G. sec-

1

tion 7): a, piece of= board is. inserted to the. meas-
using gap and' the ' sheet -pressing cup is lifted'up
using the board. .The nozzle Kof the air bellows ;

(pumpette) supplied with . the tester cis placed into
the hole ~aside .of. the' .collimator flange and a |

couple of ' squeezes of air is pressed into the- !

collimator. Due to the metal 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 frame using two.
Allen-key screws. Thus a tool-(suitable size Allen key.only)'

-|is :equired to obtain access to the.. source holder.

The =heet pre ==1a9 cup (59 == ta at eter. or =otta bra ==> lO is precisely machined for' easy sliding on-the collar'of.the I

detector tube. The hole for the beta radiation beam in the. |
middle of the cup is 3 mm in diameter -The. brass cup actscas 1

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 I

dimensions of the pressing cup, the collimator and ~ the :

measuring gap no parts of a human body may = have access. to '
the beam of radiation,

i

The detector frame is scanned over the sample sheet driven ,

by small stepper motors. |
.

I All of the above parts are precision made by ratomatic

-Q machining units to ensure best - -pos sible precisjsn of .the -
measurement.

3.3 Labeling I
|

The yellow / magenta label (see Appendix E) isJfixed on s .of
the left side cover of the scanner unit. The label 1. 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
1

The tester has been used in varloos 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.

1 6
.
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1

|T@ star in uss-in-Scandinnvio (Fin 1cnd and'_Swadsi.,_ Sos Appon- l
dix B for a list of rsferoncas). . Thaso: _ tasters havet bson 1
tes ted ' : and accepted by the locali governmental offices for I

radiation safety.

The tests carried out comprise'd the measurement of' external
radiation of the assembled device as well as the one with
disassembled collimator/ source holder (see 3.6 Radiation
profilos).

As mentioned above in 3.2:the height of the measuring gap is
2 mm. The beam, co111 mated .to 1 mm in diameter is-in the

| middle of the brass sheet pressing _ 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 outside the measuring: gap. -

i
E.g. in Sweden it is required that;the source--would not |get

O 1o t evea ia the c e or rire - rn 11 dra== coa tructioa
of the collimator/ source holder-piece has been considered to

'

1

be sufficient to fulfill _this: requirement, i
i

3.5 Quality Control
'

| .
.

the specimen-All _the mechanical parts cof the tester (i.e.-
..

!
'

| 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 - all1 of: the testers are-

mechanically identical as preciselysas possible.

All testers are assembled by AMBERTEC. Each tester is' tested
(run) for two weeks, loaded - with a 3 mci Pm- 147 > source,
before the shipment. Ahead of the : shipment _ each; tester is,

still inspected and calibrated by thelHelsinki. University of
'

Technology, Helsinki, Finland (Appendix F)'. >

; o :
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-
,

11 ably- comparable results.. This is 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 Finnish and Swedish gov-
E ernmental offices for radiation safety. Under normal use no

external radiation was observed even when using 8 mC1L 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 m
m ~1
i ' ;
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According to mscsurem3nts carriSd out by1tho Swadish. govern- '

mental office for radiation safety (SSI)'following levelsiof=
. radia tion were " observed. - Please note that in- the test .the
tester- was loaded with a 5 mci --Pm * 47 source as the sources
obtainable-today are of 3. mci only.:- 1-

!-

Assembled device. measured as close to the beta
source as nossible, at the sheet pressing cup, at-
the height of the-measuring gap:

less than 2 uSv/h' with -paper in the "..

measuring gap, i.e. with closed gap,-

_- 17 uSv/h with totally'open-(2 mm), empty. j,

_ gap

Assembl ed - device '. prasured at the can heicht. at a-
distance of 10 cm from the sources

- less than 2 usv/h - with' totally open j

(2 mm),-empty gap
.

i

h -As the- collimator _(loaded with- the source) _is |
removed from the detector frame _a rate of-600 uSv/s !

was observed.atothe collimator tube opening.

The source. removed from*th's collimator cave a rate i
of 125 mSv/s.

pSv/h.= microsievert per hour. ,3
_ pSv/s = microsievert per second

'

1.pSv/h-equals to O.1> mrem /h (mR/h)

1

The measurements were carried out by SSI, = Sweden, !

(the Swedish governmental. office- for radiation = i

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 o

matrix printer ' is usually installed and used in an air- 1

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-

4

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.

i

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

8
.

.
.



. .- - - .- _ - . _. - - - -- . _ . .

t3.8LRadiological Safoty.Inctructicas

.The ' necessary radiological instructions and cautions 'are
given in the operation _and _ maintenance -' supplied with the-

tester. See Anoendix G. Sections 1. 7 and 8 for documenta-
tion included in the manual.

3.9 Documentation Accompanying the Device

The sunolier of the source. Amersham Corocration, will

L
suon1v the necessary documentation accomoanvino the source
(this includes the Radioactive source test report and thet

- Packing note, see Appendix A).
,

| AMBERTEC will deliver'the Beta Formation Tester only, with.
L out the beta source.

A comprehensive operation.and maintenance _ manual is supplied
along with--the tester with necessary instructions for the

P routine use and for radiological safety.
See-Annendix G.
sections 4. 5 and 6 -(principle of operation, routine meas a '

Q urement and calibration ofsthe; 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
trainino 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 theitester and .for
the handling of the source.

The tester will be delivered. assembled but not loaded with
the source.

,

Installation. relocation and -routine maintenance of the
tester is done by the purchaser.-

|

The purchaser (assisted- by M/K Systems Inc. if necessary)b
installs and reolaces the source. The ~ procedure | 1s clearly
stated in the operating manual.of'the tester.

Possible-renair is done-by AMBERTEC or(by th'e local repres-
L entative M/K Systems'Inc.

4

i
!
'

[ Each tester is calibrated 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 testino 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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'

isourca - no - routine radiation survev ise_considsrsd to bei
nscossary.- |

<

'
-3.11 Leak Testing--

Amersham = International tests each of the sealed sources ,

'

before the_ delivery . (see Appendix A) . The ureful 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,

i

The leakace test by Amershamt
The source is immersed in water or other suitable liquid at'

0'50 C'for 4' hours and_the activity.in the liquid is measured.
Acceptance limit : 0.005 pC1 (0.18 kBq).

]

The contamination test'by'Amershamt

The. source is wiped with a swab _ or tissue, ~ moistened' with
methanol or water; the activity removed is measured. Accep .
tance. limit : 0.005 pC1. (0.18 kBq).

!

h .3.12 Safety Asialysis
t

The isotope used in the. tester, Pm-147 is a~1owcenergy, . low [
activity, scaled beta point source. The emission o f : t h e. '

source is very 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 $

Ig/m8

The source is of sealed type' and it is encapsulated in a f

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

L (sultable Allen type key, supplied with the tester, is
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
'

! O 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 taster 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
facilities. 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

a
installation is easy and fast all operations necessary take '.

less than 10 minutes.

The operation and maintenance manual supplied with the
,

10
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. tastor contnins :oll n3casecry rcdiological saf sty -- i ns truc -
tiens, for tho | sofo operation of tha tooter as- wall as for
the installation'and removal of the source.

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

'

- !

ILIST OF APPENDIXES :

Appendix A : The documentation provided - along with' the Pm-147 I
beta.Gource by Amersham International, a drawing of :

the source

Appendix-B': The brochure of- the AMBERTEC Beta Formation Tester
with.the List of References

,

1

Appondix C-: Drawing of the collimator/ detector assembly '|
|

Q Appendix'D :- Drawings of the source holder and collimator with -)-

the locknut,. the detector. collar and the- sheet
pressing cup.

Appendix E : The caution label of the device

Appendix F : Calibration report

Appendix G : Sample of--the documentation accompanying the device
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APPENDIX A : Tile - DOCUMENTATION PROVIDED ALONG WITil TIIE
Pm-147' BETA SOURCE BY- AMERSIIAM INTERNA-
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Amersham Laboratories .. te!cphone Little " *04)4488 gcables Actrvdy .x F -

; Whet 3LionRoad Amershun .

telex B341 ACirAG- Buckinghamshare EngI:nd HP7 9LL

product code description nominal activity customer .

PHCK3556 PROMETHIUR 147 BETA POINT 1 111'MEGABG, SONAR 07

SOURCE E881976 3 MILLICURIE P O BOX 5-
Af item no. ESPOO.

02201 FINLAND
N29573 SEALED SOURCE

B51/150 classification * special form certir.cate no. recommended working life ' customer's order no.

NOT TESTED NONE NOT ASSESSED 005 1 5-55821 01
SONAR

s2 rid number measurement check measurement check date leakagetest ' date passed leakage test date passed contamination test date passec -

L 24 JAN 89 A' 25 JAN 89-

1529BD
;

'

signed date
notes 27 J AN I

I

WW'

.

O this classification complies with B5.5299:1776, which is in agreement with 150.2919 (see overleaf for definition and description of tests)

epsieree a tapene and wees too2sio reeste eo on.c Am-snam nace utne cherone sucamonemen.e HPT 9NAe

- - - _ _ _ _ _ . _ _ .

. - , , - - . - _ . -.
.:__._.__... ,_,_..;;.. ._. . _ _ _ _ __
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Quality control
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1
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1 %mm ten sotscu n osasssed seder m heading specdicaten on page }
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'

,
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Prom @thium-144 O
Betasources

, ,

Pointsources
Disc of prometnium-147 si;ver foil mounted in a stainless steel X.110
holder, typeX.110

**
i :.ce

Nomenalactivity* Active overall Code | cemI

mci mBo diameter diameter ;-- g
gmm mm

-4- 3 f 30% 37 111 1 2 ~T ?? PHCK 3556 *

Q * Tolerance -10. +25%
<g Availability:within 4 weeks ,o

h Recommended working life:5-yaa*G Not assessed ,
Ci

3D Queli'v Control pg
'

Wipe test A g :

Immersion test L,. g
C Beta emission or radionuclide activity is measured using the f,jr

'

-Q most suitable detector. Fu!! details are given in the Test Report W; g

y accompanyingihesource. l_

g- safetyperformancetesting

" ""The source PHOK 3556 is identical in dimensions
with the source shown in the drawing. -= e'y2

Amersham has been delivering these sources since
end of 1988.

-

-

2
@

. _

_
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Tl!E CONSTRUCT *?N 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 be
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.

fc11adium 2 pm- -

Silver 3 pm

Prometheum +
silver 1

'

Silver 3 km
Palladium 2 pmO Diameter 1.3 mm

Cross section of the source disc.

The source dise will be fastened to a X-110 type capscle,
into a small cavity, drilled to the end of the source ho4 der
rod.

7 I

|

X 110 type capsula, t ade of
stainioss deel

'Diameter'2 mm, length 10 mmO
'

<......................

A

!
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APPENDIX D : TIIE BROCilURE OF Tile AMDERTEC Bota Forma- ;
!tion Tostor WITil Tile LIST OF REFERENCES
:
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, . Ures true basis weight up to 300 g/m , ge, any > Stores data and resus on ik>ppy disks
'

~

2

| - " ~ - ' sheet 0- .rsn or colour
> Easily adjustable measunng parameters with preset

| > Single value formaton index that is easy to under- defautt values
i stand and that corresponds well with the visual g , g,

assessment, as well as with the pont resutts

> Pnnts out a basis weight histogram and topographic Easy calibraton with ordinary paper samp6es

map of basis eght vanaton > Constant precision, independent of the basis weight |

> Fast automatic measurement of muttsple sheets or |
cross-directional sample stops > Radiaton safe I

1
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1
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, h$ffhkI,y
-m

gg gdgg| g| Formation is one of the most impor-
tant Aspects of pper avality as rt has an

R)eostfresper/t k d$ Med effect on practically all the other properh
a ties of paper. Traditional!y formatior, nVOnOt#$ M visually checked by the paper machine

crew To allow companson of formation -
independent of the inspector - the visual
impression should be replaced by a meas-
urement that gives numencal values.

All of the commercally available for-
mation testers so far have been baseo on
the optical measurement, trying to imitate
the human eye. It is a widely recognized
fact however, that the optical measure-
ment is easily fooled by a lot of dtfferent
factors, always present in the paper
manufacturing process.

|

|



. ___ _ ___ __ _ - _ -_ _ - _ _ -.

4

.
|

|
.

| 9t -

ip
-woS I

a
* ;

A

f n.,

.. spy f;,

4

,

..

..

- b
|

r
,

.. .

. . - .

_

, , , , s w ar,a m ,, , , ,

\
.

,,r- u . n. ~.

,

1

DIFFERENCE BETWEEN OPTICAL
Based on beta rodlation

The on-line formation testers are usecgAND BETA MEASUREMENT ma,no to adjust the process tosares a m,n,mrr
of basis weight vanation Usual' there are minor
changes onh in the furnish composition and

Paper grade SC rotogravure process vanables within a paper grade under
pr duction Thus for on-hne applications. tteBase paper After supercalendenng

' , . . . .

,
.

,, _ optica! measurement is t ' right choge
a s,) .p j A M.A

por off.hne uses formation measu ement..

k 'r r
.At

based on the beta rad,ation absorbency is supe-;

.

Mh,;,;" , - nor to the optica! measurement in rehabihty H .5< - 7
- 9 . )'. ,c. .; ? .y j

' a fact that optica' inhomogeneity caused by f#-
. W, ; ' * .' * -

7: ./,' $ g - t ''-
nish composition and by process vanabies does

.. <v
not affect the results of beta-radiation baseda ,.4*- *

meas #ement' thus samples of d#erent paper,' .h'p
-

' (-\ . . j
.

[
-

grades. produced by d#erent processes o' dd-
. . - . . . , .- ferent raw matenals can be rehably compared

-
.,

,.
r

, pf4 [,'[jk 4 3./; ! 4|I /E The of%ne use also sets much higher require.
5td deviation 4 5 g/m 4 5 g'm''

2 "''l' " ' ' 'PP'''* b'I''' < Ih' "'" # ** "I'
of basis wei ht Furthermore the oF line meassement is used

for the absolf,e values of formation whde the
on-line measurement is merely used to monitor

(Formation remains unchanged in supercaiendenng trends only For reliable off-hne operation the
but bght transmrttance inc' eases considerably ) beta method is the only choice.

|
|
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Sultoble for GII p0per grades Stepwlse sconning'

Unlike all the other commercially availab;e The operaton a based on stepwse scanning ,

forma *on testers the AMBERTEC BETA FORMA- of the specimen: dunng each measurement the !

TION TESTER measures the small state vanaton specimen a stationary. Ths gives supenor accu-

of bass weight (i.e. the formaton of paper), racy: the movement or time constants will cause,

; ,

independent of any varstens in the optical pro- no errors in the results. Also, it allows constant ,

pe%es of the sheet, caused by fumsh composi, precision of grammage determir ton over the j

ton (fibre, filler, coating) or by process vanables entire bass weight range. The mgroprocessor-
(beating, wet pressing, calendenng). /,s the based specimen scanner is controfled via a senaf

measurement is also independent of the colour interface by an IBM PC compat ble computer,

of the sheet, it is even possible to measure which is also used to compuie and to file the

pnnted samples, which is totally impossible with results.
the optical formation testers. The AMBERTEC
BETA FORMATION TESTERS are being used to M908Udng errongement
measure a vanety of paper and board grad,es Prometheum 147 is used as the source of
within the basis weight rante 30.. 300 g/m , beta raduiten. There is no radiat on outside the

formaton tester and thus the tester s absolutely *

harmless to the user, The proper geometry of
measurement has been assured through preci.

8%
sion machining of the colkmaior piece. ,

Collbr0tl0n
~

The AMBERTEC BETA FORMATION -
TESTER is cal:brated using ordinary paper sheets
over a wide range of bass weight Calibraton
assures reliable, precise basis weight measure-
ments. Cahbraton procedure is easy and may be
carned out by the mill personnel. Normally the
tester requires recalibraton rather seldom (e.g.
at the Helsinki University of Technology the tes-

Automatic Oper0tl0n
ter is calibnited once a year)

AMBERTEC BETA FORMATION TESTER Rout |De meOSurement
has been designed to measure both cross direc- in the preset routine measurement the
tional sample strips, cut from a Jumbo reel and bass weight is measured at 00 points over an

,

sample sheets glued together with adhesive tape area of 70x70 mm within less than 10 minutes.to form a consecutive sample set. The sheets
The measuring aperture is 1 mm in diameter and

may vary in length as the tester detects the size
the spaang between ac'jacent points is 3.5 mm.of the sheet. Thanks to the automate operaten
The formaoon index is the standard deviaton ofthe tester may be run around the clock without
basis weight for these 400 measurements.an operator to stand by. After the sample roll

has been set into the tester the measurement
will be easily started. The tester then automati. M meOSudng porometen
cally carnes out measurements until the end of 90Sily 0d]Ust0W
the sample set Of course it is possible to meas- in addmon to the routine measurement the

'
,

ure single sheets of paper, too. In the end of the matoa tester may easily be used for other
measurement the results are automatically measurements of small scale vanate of basis
stored on a floppy dsk. It is possible to store weight as all measunng parameters indud step i

even the measured basis weight data for further lengths, number of measured values and pu st
analysis, counting time are easily adjustable over a wide

brm0tl0D g range when required,
Pesults from varous studies show e.g. fair i

Standard deviaton of basis weight is used as correspondence between formaton, strength
the index for irrmation in addmon to this the and pnntability of paper. Thanks to its rel'abihty
tester pnnts out the h!%igrarn of measured the AMBERTEC BETA FORMATION TESTER is
vabes as well as a topographic map of basis the only commercially available tester suhable '
we ght vanaton for each sheet. Finally a sum- for the formation guarantee measurements
mar / of tne resutts for each sample set will be usually connected with paper machine purchases.
pnnted out! The index corresponds well with Scientific pubhcatons deahng with the apphcabi-
pnntabihty of paper as well as with visual assess- hty of different formaton measunng methods are ;

ment of formation for many grades of paper. available through AMBERTEC.

- _._____ _ ___ _ __. _ ._ _ _ _ _ ___ -
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Pa;>er grade: Blenhed kraft teoard 150 g/m ;
i .h # |

, k['N M. Jh (}bk $
y ~,

:

' ?}}$f:f~<h[. '
I i[yrk7.d g,

5,.
' ,' ? N -

7 ~
j

%%Q , , t,\ ' .t y ' *(J, . : Xg ,

?\ f',
-'

.tk
~F,jQ)::kdIM. j .

s V /'I c[
.

;i
.yt[ .'f}' 5 - |j! ; ~'Rs.%
,:e

- ::g,y * ? :*.."

- :- ,, a

. a q't ,; '

'; % y :; , i |
+- ,'

""'(7f'{ifJf4 nit] [
, ."f _ ,,

, [TTI"], .

,

!_ _ .
20.9 g/m'!

3

Std. dewaton 7.7 g/m' 15.9 g/m t

; of bats weight ! )
,

(Pesolution of measurement about 0.1 g/m'.) , !

!

TYPICAL APPLICATIONS ! I

|<

a S. s s .._= r. .,,,,,, |
,

Product quahty control, aligned with other automatic
laboratory instruments

V
Product development: reliable measurement of own and

competitor's samples - even printed ones
Y

Chemical and fabric suppliers: formation measurements
show the performance of the goods offered

I

i

I

i

|

| !

l
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I MeasurinE aperture: 1 mm in diameter

: Movement of specimen: Steppiry scanner (the specimen is stationary during the pulse
counting time)

: Distance between measuring 3.5 mm (defaultboth directons)) in both X- and Y directions (freely selectable in, points:

: Number of points per 400 pcs (oefault, selectable)
measurement:

Precision of basis weight Constant precision (selectable), basis we'ght independent
' determination:

Basis weight range: About 20. 300 /m2E

' Wdth of the paper specimen: 210 mm max. (ISO A44orrr4t Act)
Measunng 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

3 mci (111 MBq). g
Electrical: 110 V/60 Hz or 220 V/50 Hz versions supplied

i

NOTE! In the use of the tester the local requirements of radation safety are to be followed. In some,

; countnes a license is 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 en such a way that no radiation will leak outside the measunng
gaufe. Thus the user will not be exposed to radiaton and no personal dosimeter will be necessary,

h

- Expertise for your benefit -

EAM B E RTECX
AMBERTEC Oy I
PO. Box 58
02271 Espoo
Finland

Telephone (90) 882902. (Int.) +3584882902
Telefax (90) 882963, (int.) +358+882963

,

!

.i
s

AMBERTEC reserves the nght, wnhout notice, to after or improve the design or specifications descnbed A
hereirt

._,_ _

.
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LIST OF REFERENCES:
.

Testers suitable for measurement of single sheets only :
'

1 VeitsDuoto Oy, Ke al, Finland
*

2 Kemira Oy, Vaasa. ?lalant'
'

.: 3 Metss-Seria Oy, Maah=ht % land
4 Finnish Pulp and Igar Ross, arch Institute, Helsinki, Finland
5 Tampena Oy, Inkeroinen, Finland *

6 Tampella Oy, Tampere, Finland

(Testers of type "Belalaki Unlersly of Technology Formation Tester". AU except
Tampolla/lakeroinen's device have been made by the people behind the new
AMBERTEC Beta Formation Tester. Tampolla/Inkeroinen's device has been
rebuut by the same personnel.)

'

Testers suitable for measurement of " single sheets, Mmultiple siseets
glued together one after, another and " cross directional sample strips :

Valmet Paper .V-^8- y, Jyv8skyla, Finland
1 Helsink: University of Technology, Finland 1988
2 United Paper Mills, Ja-ad=H Finland 1988

'

3 KorsnL AB,08vle, Sweden 1988 ,

4 Myllykoski Oy, MyDykoski, Finland 1988

g 5 Tamfelt Oy Ab, J=ak=W Finland 1988-
6 Kymmene Oy,lappeenranta, Finland 1989
7 Valmet Ahlstrom Oy, Karhula, Finland 1989
8 Valmet.Karlstad AB, Karlstad, Sweden 1989
9 Tampella Oy , Argjala, Finland 1989
10 Union Camp Corp., Pdaceton, NJ., US.A 1989
11 Rauma Repola Oy, Rauma, Finland 1989 ,

12 Weyerhaeuser, Tacoma, Washington, USA 1989

13 h a M h es et. , w% g, U.SA 1990

(All above of type AMBER 1EC Beta Formation Tester except Valmet/Jyvaskyla's
deviA which is of Valmet's own construeJon. 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 Formation Testers.)

:
-i

!
. ,
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Scintillation tube detector
NE Technology Ltd.
Type NE 810 / DM1-1

I

DETECTOR HOLDER
The detect.or holder Material: Aluminium
collar is fixed to +
the detector frame / SHEET PRESSING CUP

O with M5 x 12 Material : Braso
Allen key bolts DETECTOR FRAME

- [ Material: Aluminium

PAPER SPECIMEN TO BE - MEASURING GAP
'

-

MEASURED Opening 0-2 mm. (Closed
Thickness less than 1 mm with no paper in the gap)

N
yg g- o

-Clean-up hole

I;' \DETECTORFRAMEBETA RADIATION SOURCE /

Pm-147 point source, C
O po 2 x 10 m. C0tt1MA10R iND t0CxNuT

Material: Brass

110LDER OF RADIATION SOURCE

Material : Brass

NOTE : ALL DIMENSIONS ARE IN MILLIMETERS

I**"'~ ~ ""' " * 'OI*L*"nm e.n ., .new . PC8un necutee

I

w =s m. *. m. . v.i.,.. . soi, a-. hfe
# O WN C.} ;1 .%MW pptm,If_

AMBERTEC Dy, Espoo, Fintonci y ,_3,ooo30 )
AMBERTEC Beta Formation Tester i"
COLLIMATOR/DETECIDR ASSEMBLY T70 /e***f l

;

_.._____,,
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NOTE, ALL DIMENSIONS ARE IN MILLIMLTERS

Sheet pressing cup Brass 1

Detecter holder Aluminium l' 1
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AMBERTEC Dy, Espoo, Fintonel
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APPENDIX D : DRAWINGS OF TifE SOURCE HOLDER AND COL.
LIMA'!OR WITH TIIE LOCKNUT, Tile DETECTOR
COLLAR AND THE SHEET PRESSING CUP.
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APPENDIX E : Tile CAUTION LABEL OF TIIE DEVICE
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Tile LEXAN LABEL IS FASTENED TO
Tile UPPER SIDE OF THE LEFT HAND
COVER USING DOUBLE FACE ADHESIVE
TAPE.

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

. . , .. , .y ,rm. .

i

l
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LABEL AT THER SOURCE HOLDER

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

The label is epoxy cemented onto the lower
end of the source holder.

O
Pm-147 190 MBq equals to 5 mci (= exactly 185 MBq)

IliIIilIl I
~

DETECIVR HOLDER
The detectr holder A Material: Aluminium
collar is f1xed to u

,

the detector frame / SHEET PRESSING CUP
with M5 x 12 Material : Brass
Allen key bolts

DETECTOR FRAME

/Haterial': Aluminium-

\\\
PAPER SPECIMEN 'IV BE MEASURING GAP -

MEASURED Opening 0-2 an. (Closed
Thickness less than 1 mm with no paper in the gap)

\ . -_
' "

h N
.

aClean-up hole

J

\DETECTORFRAME
,

BETA RADIATION SOURCE '

/Pm-147 point source,
j- 02x 10 mm / . COLLIMMOR AND LOCKNUT

Material: Brass
-

HOLDER OF RADIATION SOURCE

Material : Brass
LABEL AT THE SOURCE HOLDER
Material: Aluminium

' . _

.
.

'
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L_ABEL OF THE TESTER
l

Material LEXAN-plastics, yellow background, magenta text. |
Label will be fastened at the left co;er 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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AMBERTEC Beta Formation Tester

Calibration chart
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3 AMBERTEC Beta Forsmation Tester,

CALIBRATION TEST REPOttT . - - = " =
f

--

Standard sheet set N*
~

5 * " ' *- m esura m e. , %- *
..

Date : 7.12.1988 !manM W : Ng
M

KB - serial Nor : /2 2 8 o o c. A " "Cl2*"t * "' "'" '"' ' "

bn
,

IA Nor Grammmage T N Std.dev. |-

418 18
I i

410 25 '

; 302 35 11 1:069 3.35
i 109 46 1 9793 4.45
{ J] -* 119 54 1 8110 4.40

101 63 1 6813 4.63:

1 I 127 77 1 5469 2.74
214 88 1 4687 6.19

g 203 99 1 41 % 2.08 ;
5

509 108 1 3642 8.83
|
h217 121 1 3029 5.55M| l, 428. 128 1 2408 6.19,

a El 511 146 2 2164 11.86 ;
'

g gf!
402 159 2 1668 10.22
513 218 3 306 6.59-

9,

h 507 226 3 449 15.79
; 501 245

515 270
505 332g:

!(Ef Absorption coefficient : 0.01655 HV potentiveeter setting 390 (equals to _780 V)1

1

. . . _ -- . - . . . _ _ . - _ _ _ . . - - _ _
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EAMBERTECE
AMBERTEC Beta Formation Teater i

!CHFCKLIST ASSEMBLY AND PUNCTIONS '

! !Serial number i

Client N'/[/ 81 I

Date Inspect.
CONTROL UNIT ,

Assembly / /2. M
Scaler ST 7 : Serial nr. 4/2 ;

Detector DM1 1 Serial nr. $2fi
RODCON CPU 019 311 Serial nr. 449(

l ,

SPECIMEN SCANNER UNIT :
Locking of drive wheels p' (,pg !

Drive belt tension p/ g//*

Samp1_e spool brake Q Q
Sample spool lock Q Q
Pressure roller adjustments .gg*

Adjustment of measuring gap gf
X directional movement A Q ;

Y directional movement g
; Operation manual drive switches g

Operation limit switches 4
Opsira tion s pressure roller switches A

FUNCTIONS:
Zero flux determination j
Calibration (separate dodument)

.

'Routine scanning pattern
ak 't " $

Heasurements single sheets
o k- Y &

Measurements multiple sheet set

Measurement: CD strip

PACKAGING :

!

l
-

i
t

. . - _-



._ - - - -. . .-

AMBERTEC Beta Farmatica Tactor 21 cAMBERTECs

|

2. CONTROLS AND CONNECTORS ,

|

(NOTE: If a computer or a matrix printer, not delivered by AMBERTEC
is used the connectors might be different from those described be- t

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 dctoctor cable (BNC connector)
,

B. CONTROL UNIT DOX ;

Front panel:
1. Scintillation detcetor cable PROBE (BNC-connector) e

,q 2. High voltage adjustment potentiomotor H.V. ADJUST 0-2000 V
\J (NOTE: the potentiometer setting runs in the range 0 1000 j

showing A HALF OF THE ACTUAL HIGH VOLTAGE ADJUSTED!)
3. High voltage selector switch (Choose position SC)

Rear panel:
4. Scanner control cable (connector D 37 M)
5. Sorial interface cable (connector D 25 M, or D 9 M) <

6. Formation tester mains switch
7. AC connector (IEC)j

C. COMPUTER (Rear panel:)

1. Mains switch (right side wall, rear edge)
2. AC connector
3. AC outled for monitor screen
4. Monitor scrocn mains switch (Under the screen, front)
5. Monitor videosignal (connector D 9 F).
6. Printor cable connector (LPT1, Centret Les, connector D 25 F)

O'.
7. Formaation tester control (serial con..ector COM 1, D-9 M)

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

connector D-25 M)
9. Keyboard connector (DIN connector)

1

D. MATRIX PRINTER
'

1. Mains switch (front Icf t)'

2. Mains cord
3. Printer control cable (rigt side, Centronics, R-36-connec-

tor)
P

P

>
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AMBERTEC Beta F rmation TOOT r 22 cAMBERTECs

FUSES

1. Control unit power supply fuse, SA/250V (inside the power
supply case)

2. Scalerin fuse (inside control unit box, scaler front panel,
right) (T63mA/250V)e

3. Computer power supply fuse, SA/250V (inside the power
supply case)

i

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 in the >

manuals of these equipment.

;

O -

,

't

:

r

O.

;

*
|

i

a

a

>

a. 1-_____ . _ . . _ _ . _ _ _ _ _ _ . . . _ _ _ _ _ _ _ _ , _ _ , . _ _ , , , _ _ _ _ , _ _ _ _ _ _ _ _ _ _ , _ _ _ _ _ _ , _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _

-



_ . _ _ _ . _ _ . _ _ _ _ _ . . . _ _ . . . _ . _ _ _ _ _ _ . _ _ _ _ . _ . .__ .__ _ . . _ . _ _ _ _ . _ . . - _- _

-

AMBERTEC Beta Formation Testor 30 cAMBERTECs !

' I,
5

!
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!
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i

I
3.. CONNECTION OF THE TESTER COMPONENTS'

O
r .,

,

.

O

.

1

L

,

|

t
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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

i

the connectors may vary from these specifications. Check the manuals ;

of these equipment.)
,

1. ALTERNATIVE As '

The tester requires the minirium space at the table if only the
specimen scanner, monitor 6,c r e e n , keyboard and printer are at t

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. j
;

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

O$ side of the computer. In this way the tester requires a table ;

of about 200 x 60 cm.

2. Connect the scanner to the control unit as follows (see the
codes for connectors in this manual, section 2): '

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

unit connector B4.
b. Connect the scintillation detector cable kaapeli to the +

control unft connector B1 (PROBE) and to ' the end of the
detector A3. '

r 3. Connect the control unit to the computer with the serial inter-
face cable (the D 9 F connector to the control unit box and the
D 25 P connector to the computer, use the D9/D25 adapter suppl. ,

led with the tester if required): computer connector C7 '

(= serial interface COM 1) and control unit connector B5.
4. Connect the computer and thq matrix printer using the Centronics

cable (D 25 H and R36 co: .ctors): computer connector C6 (LPT1)
and printer connector D3.

i
'

5. Connect :.he 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 tothe section 5 in this manual.

__. -. .. _ - _ _ - _ _ _ _ _ - _ _ _ _ - _ - _ _ - - - _ _ _ _ - _ _ _ _ _
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4. FUNCTIONAL DESCRIPTION
|
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-
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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 sheet.. The scale refers i

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- exposed to a x ray- film using i

beta radiation- of adequate energy level cnd ' the radiogram is
.'

then measured optically. This methods-is superior in resolution
but is_ extremely slow and laMrous and thusi very inconvenient
for routine use. Both methods may be calibrated to directly
output true values of grammage variation.

The optical steasurement of: paper formation.(i.e, grammage varia.
-tion in a small scale) as a matter of: feet .# the _ very same
method that the machine tender is usine wher; inspecting the

O =aeet 9 1=== trea ittea 119at. 1t:1 Tex 1: <1v attricuit 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 sffecting the
optical behaviour of the sheet.'Such parameters _ include tt 2 1

! furnish composition (fibrous components, . filler type and . the
| 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 not incorporate.a.calibra-
tion procedure or the possible calibration is done'beyond the--

actual measuring range that then is extrapolated for'the rangn-
| in use. No calibration procedure in optical testers will be
| able to remove the effect of the process variables on the re-

sultc; nor will it be able to remove the effect'of. uneven dis-
trib.1 tion of furnish components in the sheet. ' Thus the optical- 1

met * od is not suitable for off-line formation measurement in ''

aich usually different types of samples (of-. diff erent grades, I

rwe in different paper machines with_different-furnish composi- !

' O tioa > ere ee urea eaa co verea- rae creice1 e oure eat of j
-

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.kept
as constant as possible.

It is of course possible to determine the small scale variation
of grammage gravimetrically, weighing small pieces of paper with
a Dalance, sensitive enough. However, as the-size of the speci-

. men to be measured will be decreased to the level necessary in -|
|

the measurement of forma. tion it is practically impossible to l

obtain values of. grammage precise enough for calculation of
formation indices.

To allow the measurement of formation (small scale distribution
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
grammage 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.talance: 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 variation. The use.of: a large aperture i

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 wijlt not
be affected by the measuring principle orn by the size of the
aperture but the' indices of -formation might then _ give a ; f alse'
impression of the issue.

In practice the stochastic nature _ of beta radiation < limits the
smallest size of the measuring aperture: it1will.be' impractical ;

to use an aperture cmaller.than 1 mm in' diameter;as the error- ;
,

caused by the st%chasticity of tha radiation'gets too high when. o

using a reaEonablyc 'short pulse counting time. Over the years ,

the aperture size of 1 mm in diameter has been proved'to be a
-

fair ' ntandard size' in various studies also- as the -results
obtained using that aperture size pretty well correlate with the -;

A visual ranking as well as with the printing result (somm op.tical-
U testers Co use a smaller aperture).

The effect af the area measured also largely 1affects the _ _ re - [
sults: formation measurement should be ~ able _ to distinguish 1 '

between the small scale and the large scale, variation of gram-
mage. As a _ rw0 ts of empirical studies overe many . years - the

'

optimal area for une' measurement.of formation'has.baen proven to
be 70 x 70 mm' _ (Sara, H. : The characterization and' measurement
of paper formation with standard |deviationiand power spectrum.
Helsinki 1978, Helsinki University of Technology,~ dissertation,
162 p.).

h

|. Method of the measurement
;

AMBERTEC Beta Formation Tester is based on the direct measure. I

ment of beta radiation absorbancy. The source ,of; beta radiation-
147 -isotope, nominal activity ranging between 1(Promotium -

and 8 mC1) is placed under the sheet and a scintillation counterpd detentor is on the other side of the sheet. , The radiation is 1
led to the sheet through a brass t 3111mator,.11 mm.in diameter,
length 2.5 mm.

The sheet to be measured _will be-pressed against the:collimator
by a heavy brass pressing cuo - to ensure that the underside-if

L the sheet always lies agattst the collimator This is to ensure
that the measuring geometry is. the same from point to point.
There is a collimator aperture also in the pressing cup, however
with a larger aperture (3 mm in diameter) . The cup . then flets
also such particles to the detector that possibly . have been

i

slightly scattered aside when passing through tha 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 tne actual measurement (pulse count -
ing). Thus the possible errors by time constants et.c. will be
climinated and the pulse counting time per' point. will be freely I

selectable. Thanks to the latter.it.is also possible to measure
";,
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bocrd sampics os ituis- possib10 to obtain adsqueto procision'of'
'

=measurementt by. increase ! of . the. pulse counting time. It' is-

possible to measure boards up-to 300 g/m2 in grammage.

Por the. pulse- counting time' usually 1 s-per point is.used. The-
area measured usually.is 70 x 70 mm2' 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' usually is 3 . 5 . mm ' a t
point then represents a square with side length of 3,5 mm on the- 1

;specimen. The ; point Jies in the middle of1 the square.-- The for .
mation tester scf tware prints out the= area of.a rectangle that
can be drawn along the outmost points of the area. In L the: :

,

routine weasurement with.400 measured points using the'distagce! .

of 3,5 mm between-adjacent points this area-is 66,5 x-66,5 mm .) j

The main computer controls - the pulse counting from the scaler.
-The pulse readings at each point are; stored in the computer

,

. memory for calculations. The' computer also controls the speci--
men scanning automatica11y ' af ter the operator starts the sys--
tem.

O .

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

I

mi = M - (1/p). log.(ni/N) (1),. _

where>

mi = a grammage value ?
average (weighed) grammage of the sheet |M- =

Absorption-' coefficient of beta ~ radiation ;
i p =

i - ni = 'a pulse count reading .. q
the mean of - transmitted pulses ~ throug -the -N =

sheet

The numerical value of the absorption 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.

O c^t18a^r10w or rar rzsrza) .

'As.it is not necessary to carry the-average;of grammage'of the
specimen (that actually has been d e t e r m i n e d '. b y the. operator)
with during the calculations the formation tester sof tware does
calculate the indices for formation according~ to the -following
manner:

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

,

For the calculation 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.
|

L
__-. . ___ _ _ - _ _- - _
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k
c' = E (log (ni/N))8 (2)-

i=1

in which ,

Ic' = square som of logarithms of pulse count
trar uittance values *

n1 = pulse count value, i= 1...k
mean of pulse counts through the specimen /N =

number of observations (points) !k =

At this stage it is not necessary to _ carry the absorption ~ coef-
ficient along with the calculations as the standard deviation
may be easily converted to grammage at the end of the'calcula- 3

tions.- 1

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

oT = fc8/(k-1) (3)

O ;
in which

std. deviation i07=c = square sum
k number-of observations (points).=

In the next step likelyoerrors-will be removed from the' measured
e data. This will- be done 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.

,

O The peake. 1.e. observetions differine more then four times std.
deviation from the mear. will be removed from the calculated
square sum of logarithmic transmittance, from the sum on-pulses
through the specimen and from the number of observations. For
the corrected data a new std. deviation will be calculated and i

this will be con"erted to grammage by ' division with the- absorp-- 1
tion coefficien beta radiation. i

om= fc*/ (k-1) .(4)
P ,

in which a

om= std deviation of grammage !
corrected square sum-of logarithmic trans-

']
c' =

mittance of beta radiation
corrected number of observations

_ lk =

empirically determined absorption coeffi-p =

cient for beta radiation.

6D
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The''st'andard deviation of crammace - obtained usina 'the above-
method is used as the index for-formation of naner. It is .to
note that up. to this- points the average- (weighed) value of gram-
mage, given .by the operator, has not 'been used for. anything .
Therefore it is not necessary to know 'tho exact grammage of thet- ,

sheet at the moment of the measurement; then:hoewever, the other-
l -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. ;
_

L correctable if a wrong-absorption coefficient of beta radiation
,'

i. has been used in-the measurement. This'can be done by multiply-
ing the formation index by the ratio of the wrong and-the right:
value of-the absorption. coefficient,

i

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

(ni the coefficient to obtain reliable results.s
! a

Traditionally the coefficient of variation'has also-been1used:as-
the index for formation:

1

(om / M) (5)~ |F1 = 100 .

:

in which |

~lcoefficient'of grammage variation measuredFj =

using an aperture of 1 mm-in diameter'

om= std. deviation of'grammage
. .

(weighed): average of grammage. Theitester'| M =

on.t measures the variation of: grammage.

As there is no clear linear physical correspondence L . between
formation and the level (i.e. the mean) of grammage THE USE'OF ,

O THz courr1c1 rat or vAntATron 1s oT necoMazuoso as \ the index of I
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 pessible to obtain comparable resultsJfor-. forma-

2tion (within a limited range, say 30. . 50 g/m ) by division of
the standard deviation of crammace by the sauare root of the

mean of crammace.

Ounit " Om/7 M (6).
:

jossa
ounit= the formation of a sheet wi*h- unit gram- -|2mage (1 g/m ) ]

cm= std. deviation of grammage
the (weighed) average of grammage..M =

- - . - . -
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Comparison-of formation results

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

results for saaples at different levels-~of grammage, however, is j
not as easy. !

In measurements of . paper technology it. is a common practice to
normalize the various measured values' by division with the mean - j

of grammage to obtain comparable results, independent . of the L

grammage of the sheet.- There should be a sound, unambiguous _i

theoretical basis for such a normalization: the results must be |
dependable on the level of grammage. .;

i

There is no linear physical correspondence between the mean and
the standard deviation (this could be . at the paper machines
one is able to produce far better fo. 't the same_ level iof<
grammage using different skills,_ and. machinery).
Therefore the coefficient of variat. e gh t printed . out in
the results as a matter of record o.t.y) should not be used-in
such comparisons. All comnarisons between different levels ?

- grammace should be done usino the normalized index of formaticq
1.e. by division of the std. deviation by the scuare root of thi

crammace fsea abovel

Formation guarantee measurements

Whenever the formation of - two samples a r r., to - be 1 compared 'in !
- situations which may have juridical consequences--(e.g. in_ forma- ;

tion guarantee measurements usually copaected to paper machine |
purchases etc.) it is the advantage cf all parties to measure ,

both samples simultaneously using the same tester ,and - same ;

calibration. This is to avoid possible errors which might be
present when e.g. accidenatlly using different ' calibration- for -
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- guarantee test
sample will be available). Then the samples: should-_ preferably

. be stored in closed plastic bags in a safe-sheltered place up to'-

i

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- AMBERTEC Beta Formation
Tester.

The same applies of course to ALL OTHER GUARANTEE MEASURE-- -

MENTS whenever the measuring instruments are calibrable or .do . - t

have settings (time constants, sample moving speeds etc. ) that-
could affect the results obtained.

!

_ _ - - - _ _--_



-i

| :AMBERTEC B3tc Formation Teater 47 -oAMBERTECo-

i

Precision and accuracy of the measurement

The formation measurement based on beta radiation technique is
very accurate:-the beta radiation: transmittance.very-accurately. i
depends on the mass (grammage) of the specimen _only whereas in
the optical measurement the , optical . trancmittance _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 pressing, machine and supercalendering).

The precision of grammage measur . aent may 1 ~ approximated as
follows-: |

Precision of
a grammage value i 100 /F / n

,

in which
n= pulse' count: at . a point (number-of trans-

mitted beta particles through the-sheet), [
-l

If e.g. 10 000 pulses were measured at:a point the precision--of.

O_ the grammage determination _is approximatelyL !

l
i
'

100 . / 10000 / 10000 ,-that is : 1 per cent

In the formation tester printout the' average i beta pulse flux
(i.e. the average number . of beta pulses .per second 'trans'nitted 1

- 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 i'

value of the pulse counting time iss1 second)~.<

:
'

Sampling
!

The sample sheets for formation measurement ' must be chosen _ in ,

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

iO wormetiv the formation of a sampie wi11 de determined as a mean
of several determinations (sheets) for each' sample. According t
a thumb rule at least four- (4) but preferably nine (9) deter-
minations (sheets) per sample should be done for a ~ reliable
result.

Formation, as well as all 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 usua11y 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 c.g.the measurement of the averac", thickness of
the sheet: the result will be more- reliable if measured ' from :

.-
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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 prec'ise.
'

ly same numerical values of f ormati on . This is partly - due to |
the stochastic nature of beta radiation-(the pulse counting time
is relatively short) and partly-due toJthe fact that in repeated

,

measurements it is not possiole to carry out the determinations -j ;

at exactly the same points of the specimen. This, however, does- 1
Inot greatly affect tha ~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. I.9 determinations is , f airly - ;

repeatable about 0.1 0.2 g/m depending on how . well' one- !well
succeeds to carry out the- measurements from exactly -the _ same. i -

points of the sheets. The repeatibility' of the beta ~ formation
measurement has been determined using a tester aimed for meas-

O ure eat oi =1a91e sheets ontr> in that tester it is no==idie to i

place the sheet every time repeatably in the same position.

i

How to express the results
i

The formation of a samole is to be exnressed as the mean of the
- determinations carried out from 4. .9 determinations of the-

samnle. Standard deviation of orammoce is to be used- as the'
,

index for formation.

In the formation tester printout the std. deviation cf -grammage
i

is given using two decimals. In:the default routine measurement-

(400 measured points per determination) only the difference of
about 0.2 g/m or more may be considered to be ' significant. 4

Because of this the formation index for a samnle should be aiven
usina one decimal oniv.

That is: if the difference between two indices.of formation is

O loss than the above limit the formation of the' samples should be
considered as equal.

The actual limit of significance. depends on the number of-paral-- ;

lel determinations per sample and it 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 chock in paper technological measurements.

,

i
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5. . OPERATIONAL INSTRUCTIONS.2:

]- 11ow to prepare the sample !
-

llow to set.the sample-in-the tester -|
Preparation of the tester = |

Changing the default parameters -|
Formation measurement
flow to pause- the measurr, ment
At the end of the.meast.rement
Zero flux determination !

O

:
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5.-- OPERATIONAL INSTRUCTIONS-
)

| IlOW TO PREPARE THE= SAMPLE -(
The width - of the sample to be measured"must not exceed 210 mm
(the width of DIN A4 f ormat .- shee t) . 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 mere sensible 1to
prepare a continuous sample set by gluing single . sheets- togeth-
er, one ofter 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 measurement of cross directional strip the strip (that
has been trimmed to proper width) is-to-be wrapped around the j

sample spool. Thure is a slot in. the spool shell ~ provided for-
the end of the sampl2 strip'for easy, wrapping. |

1
'

Wrap the strip . around the spool.as followss' -take the _ | sample
spool into _ your . hand in such a way that the brake disk (the

h thicker end of the spool shaft) points out to the left.._ Thread, J
the end of the sample strip to the slo _t of the spool shell and i

- 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. ~i

;

If the sampleils very stiff (th' <er boards)' it is not worth
trying to wrap the sample around a spool - as it will be very ,

difficult to unwind the deformed . ample in_the tester.'Then-it _I

is possible to carry out the measurement by: placing ' the sample
loosely onto 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 measared one at a time only.

i

The continuous sample sheet set will be easiest. prepared--as fol-

O towe> resten a ruier (or narrow v1ete) to the ea e or tabtes
using screws or double facod-tape. The edge of the ruler must be '

at least 5 mm above the table surface. Place the. DIN- A4-format
,

sheet.(the length of the sheet may vary, it must,..hewever, 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 figure below. Continue preparation until the entire
sample set is ready.

Tape Direction of sample '

movement -- ->
,

Sheet 2
20 mm 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 followsi. ' take . the -- sample
spool into your hand in _ such a- way that the . _ brake disk (the

-

thicker end .of the spool- shaf t) points out to ' the lef t. Turn-
the sample set upside down such that the tapes face down. Thread' :
the; end of=_ the last sheet.to the slot | 'of . the spoo11shell and '

wrap the strip around the _shell .by rotating the . spool clockwise
(in the tester the sample strip should' unwind from the. underside 4

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 u!.41nd 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. due| :
.ito changed measuring geometry.-

HOW TO SET THE SAMPLE INTO THE TESTER

h Standing at the right side of the tester place the sample' spool q

behind the tester such that'the brake = disk (the thicker:end of
the spool -shaf t) 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 that it ;

'

unwinds from the topside of the spool or it _ may be lef t . loose'y_
onto the floor behind the tester.

~

3

jb

|

O
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 4
(black knobs) on the right side of the detector frame.: Lifting; W

the sheet pressing cup up with your left hand fingers thread the !
sample through- the measuring gap and under the sheet pressing- '

rollers. 4

|

Pull the sample forward just a bit and lift the sample spool to
its place at the rear side of the tester. Move down the rear
sheet pressing rollers using the rear lever. Simultaneously _the'

i
spool will bo locked into its place and the spool braks automat-

1
ically engages. Draw the sample slightly with'your left hand and- i

move down the front sheet pressing rollers using the' front
|lever.-
!

. . - ,
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!PREPARATION OF THE *1FSTER
.!

1. DO NOT SWITCH THE POWER ON,-YET.

2. Check that all cables of the tester have been properly _ connected j
~t(according to the section 3.)

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.

',

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

,5. Set the high. voltage according.to: the value given in the >

calibration sheet delivered with ' the tester. NOTE THAT - THE -
ACTUAL HIGH- VOLTAGE IS ABOUT TWTCE THE READING OF THE' i

POTENTIOMETER (I.E. THE SETTING 500 EOUALS TO ABOUT 1000 Vi.
f

Lock the hich ' voltaae settina notentiometer with' the lever at
the richt side of the knob to prevent acoidental resetting of

.O the high voltage.
,

6. 9 witch power on to the matrix printer (in the STAR LC-10 print-
the mains switch is at the front panel, left. side).

7. b..tch power on to the computer (in IBM compatible computers the
mains switch usually is at the rear. right corner 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) before the power will be: set on. Having switched

p the power on the program will automatically be loaded intio the
V computer memory and,the tester will be ready for use in a couple

|- of minutes.
,

8. All necessary instructions will be given on the' monitor screen.
All functions ''t11 be chosen .from menu windows appearing to the

| screen. Choose a function by moving the-light bar to the:de-
i sired function (using the up and down arrow keys) and by press- i

ing the Enter key. . ''

j

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 PARAhETERS
_

_

The software automatically carries out the measurement using
default parameters (these will be displayed before the
measurement is started. 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- ~-

ti c.' "Run parameters" and press the Enter kev Two windows .-

will appaar: the left one containing the para.: 2r names and
the right one containing the present values for the para- -

meters.
n

-

The detault parameter values are :
_

_

Pulse counting time 1 s,
Number of observations 400 pcs (20 pcs in both X- and Y-
direction::) ,

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

Distance between formation determinations 70 mm.

As a default cross directional strip will be measured. If
you went to measure sample sheets glued one after another
choose the function 'Run parameters' in the main menu slide
the light bar using the arrow down key to 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 progra:a gives a
prompt to the screen.

The chanced values for the carameters will be kent in memorv
in the hard disk file BFT. CPG until followino chance made by
the coeratore. Therefore check neriodically that you are
really usino desired oarameters for the measurement.

O- .

The absorption coefficient value will also be retained inthe
BFT.CFG file. If you have temnorarily chanced the value of
the absorntion coefficient remember to oive it the richt
value after the measurement.

FORMATION MEASUREMENT

After the sample spool with the sample has been properly set -

into the tester the measurement will be started by chooring 2

the first row ' Start of measurement' in the main menu. Then
the input window for sample parameters will appear. The i

software asks for the sample name, (weighed) grammage of the
sample and the number of sheets (determinations) for the
sample. Having given this information the software prompts
for the same information for possible other samples.

a _ ___ _ _. . . ..

-
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Thoro may be up to 20 sample groups. cach consisting _ of .'
unlimited.. amount of measurements (She e ts ) '. Check .however,
that it is possible to measure.the number of determinations. q

set from the sample - -leng th. The . total possible amount of- E
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. 3

L the normalized formation index and for the coefficient of i

| variation) and _ thus any' value between 1. . 300 g/m21will' 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 calibration).

..

'

Before the' measurements - starts you may still _ changer your
inputs by - answering Yes to the question ; 'Would you like to . 1

change something?.' (Y=Yes,' N=No). |
|

llaving received all necessary data for the samples. the

O~ 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' 'ss ; 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. If the cable between the nrinter and
the comouter has not been nronerly connected the nrocram
cannot identify it and von will lose the-nrintout.

After everything has been properly set the sof tware ; will: .

start the measurement. The status of the measurement willo

be easily seen at-the monitor screen.

| O ror eeoh determination a printout sheet w111 be outputtee
and after the sample set a _ summary of the results will be
printed out.

q

I!OW TO PAUSE Tile MEASUREMENT

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

rollers. The program prompts the user then ' and gives at

| possibility both for continuation and for termination of the
measurement.

AT Tile END OF TIIE MEASUREMENT

At the end of the measurement you may leave the power
switched on to the tester. The tester has been designed foru

I continuous . operation. You can . increase the life of . the
| -.
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- monitor - scrson by dscreasing- tho= brightnsss to' &_ prop 3r:
-levelc- not too=high 4 hecause along,with the time the image
will be ' burned'-to the fluorescent layer of-the_ screen.

ZERO 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 flux should
slowly go down as the source;gets weaker. The' half' life
decay time of the source is about 2.5 years.

.uu may enter the zero flux determination procedure from-
the ' Main menu' by choosing .the ' Additional features' and
thereafter the 'Zero 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 i

the procedure given in the section 7.

O 1

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 7

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

100 E/ 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'.

!

"

O

4
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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 converted to corresp-
onding grammage values using the following formula :

mi = M - (1 / p). log '(ni /'N)

in which
mi = a grammage value

(weighed)_ average grammage _of the-M =
~

sheet- .
~

absorption. coefficient' of' betaA =

radiation
.

!n1 = _a-pulse count value
the mean ofipulse counts-N =

;

The numerical value of the absorption coefficientLdepends on.
the level of grammage M of the sheet; It is essential to
use the right absorption coefficient value as11t directly

;O errecte the numerice1 ve1ue or-ene tormation inaex-

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

1) For the calibration a set of different machihe mede
"

papers at different levels of ' grammage will .se
chosen in such a ' way that the grammage.. range ade.

2quately cover the range used, 20..;300.g/m (if the

tester will be used e.g. within_the. range 20..10g2 the calibration within the. range.20.. 150 g/m
[ g/m

will be suf ficient. 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.

O Adequate grammage levels for the calibration sheets q
could be e.g. 20, 30, 45 60, 80, 100, 125,. 150,

I

l 175, 200, 250 and 300 g/m,,. (The calibration sheet :|

,

| set supplied with the tester contains: samples L of i
different grades at basis . weight levels 35, 46, j
54, 63, 77, 88, 99, 108, 121, 128, 146, 159, 218, )

of ' I226, 245 and 270 g/m'). As the exact grammage~
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 (even) as the grammage of

2the 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

. _ ._. 2 _ _
d'
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without the sample, i.e. at the grammage level
)equal to zero).

2) According to normal practice (see operational
instructions, formation measurement) the formation
of the sheet (default parameters, 400 points) is to; '

be measured.

For determination of the absorption coefficient the i
*

mean of the - pulse counts (c/s) and the average
(weighed) grammage will be taken from the printouts i

for each of the sheets, i

The calibration curve - may now be determined manually or
according to a routine in the Formation Tester sof tware as
follows

MANUAL Ol'ERATION :-

3) The obtained pairs of 'grammage and pulse count are I
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 also 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 ,

1the 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 . ,

4) The absorption coefficient for 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 :

tge coef ficient ' will- be desired forLet'a assume
grammage 60 g/m . Using the* curve drawn-the pulse

2
4 flug at grammages' 20 g/m higher and loweg than 60
t g/m* will be taken (in . this . case ' 80g/m* and 40

2g/m ),
.

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

, ,i
using the formula- >

p= . loo f n2Mid .

M !

in which
absorption- coefficient .of betap. =

radiation
n2 * Pulse flux at the level grammage

+20 g/m'
ng = pulse flux at the level grammage

20 g/m8
the (weighed) average, grammage ofM =
the sheet, j

OR10AL RECORD CDPV E 10 ;g g
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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 _is given as a' function ' of
grammage.. The vertical' axis (absorption . coef fi-
cient) should be scaled such that it is possible to - t

read the rumerical value of the coefficient with a_ .;
nrecision of annroximatelv five decimals
(0.00000) .

,

:r
i

OPERATION WHEN USING THE CALIERATION PROCEDURE WITHIN THE PROGRAM '
'

Automatic operationtis easier and does not produce errors in
the absorption coefficient if carried out properly according

O- to the instructions 9 ven:1

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,

l 4) Give the number of calibration sheets measured
(answer the questions as prompted)- ' and fill the
table that -appears to the -top lef t corner of - the
screen in the left column type the grammage.of:the-
sheet (precision of 1 g/m8 '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 places in-'the table the program calculates the
absorption coefficient (i.e. places a- lineart re-
grossion curve into the points). and also gives an

O estimate of the fit. 1f 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 i

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 .-

I 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 remaining
constant). It is a good practice to keep the calibraticn
sample sheet set in a sheltered place and to perform the
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
1curve chart made (point 3 above). If the points

systematically get further_~from the curve this in- (
dicates that'a new calibration should-.be'done.- i

-|

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, i

~

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). ,

C 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.
obtair;ed by multiplication of the pulse count value (c/s) in-
the pri.ntout by the pulse counting time.-(s).

Along with the time dirt- (loose fibres, filler, coating.
,

color.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

l suspected the collimator and the beta radiation source' must
be cleaned (see section 7).

-|
|

O |

u

i

___- .________ ______ _ _ _ _ __________ ._ -- . .
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7. REMOVAL AND INSTALLATION OF Tile BETA ' RADIATION
SOURCE

'llandling of the beta radiation source 1)
Removal and installation-of the' beta-source i
When to change the source

.

!

Cleaning of=the collimator and the source =
External radiation around.the tester.

s

.

e 1

_ _ . . . . . . . . .
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7. REMOVAL AND' INSTALLATION OF THE BETA RADIATION SOURCE

IIANDLING 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 |

'radioactive material may vary from-country to country but to
avoid possible problems arising, only the norson in charce
of the radioactive materials should handle-the' source (i.e.
install. remove. clean as well as to nronerly 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. I

l

despite of whatIt must be pointed out, that the' source -
-

is quite harmless: it-is rather weakhas been said above -

O- in activity and it is also quite an ideal beta radiation
source which means that it does not output gamma or-- alfa
radiation. No snecial nrecautions neither ' radiation ' doni-
meters are necessary for the handlina of-the source. Only
follow carefully all of the . instructions given below. As
the human skin always contains acidous (corrosive) compo-
nents we recommend that the source should be handled usina

_ suitable tweezers. or if not annlicable-. usina -thin rubber
or nlastic aloves.

i

DO NOT attemnt to use any other kind of a radiation source

than that recommended by AMBERTEC in the tester. The shield- 1

ing has been designed for Pm 147 . Beta point sources only.-

DO NOT damaae or modify the collimator/ detector assembly of

the device.
;

|

In case of a fire it is recommendeduto-remove the specimen
scanner unit to a safe location as all.of the devices at-

the mill even containing small amounts of radioactive mater-LO 1e18.
|

The followina crocedures should be carried out by onorators
with adecuate knowledae and trainino in radiolooical safety

onlv. See chanter 8. too. '

[ |
REMOVAL 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 th e- sheet pressing . cup must first be removed -(see

,

section 8 of this manual).
L

After the detector and the sheet pressing cup have been
removed the brass collimator with the polished surf ace may
be seen. Remove the collimator by lifting it up; if it seats i

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 Ithe col '
,

limator ; by _ , turning it counterclockwise. While doing this '

hold the .collimator upright _ (as it was in _.the detector
E 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 4

SCRATCH THE TOPSIDE OF THE SOURCE (theLradioactive_ 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- t

fingertips from' entering the surface of the ' source _ . and to |
'

!prevent fingers from eventual" contamination if - the- active
source disc should have been damaged.

The active end of the source may be cleaned from eventual-

dirt (dust) by blowina air usina-the bellows sunnlied along j

with the tester. See nace 73. You will easilv recoonize ,

the active end of the sources the active disc. 1.3 mm in- I

- diameter is nlaced in a small~ cavity drilled at the end of
the source cansule.

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 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 f avoid j
damage to 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.
|

WilEN TO CIIANGE Tile 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
inconvenient 1; long (to obtain a proper level of . pulses .
through the sample) it is the time to replace the' source by.
a new one:

i

IThe old source :
Remove the old source according to the procedure above and
put it into the metal can in which it-was delivered'. It-is a
acod uractice to wear clastic or rubber cloves and to use ,

tweezers in the handlina of the source. Although the. old |
sources are very weak- (dead) they - according to the legis-
lation of most countries must be stored for possible-

latt 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:
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 r 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 s 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 f asten' the detector; with
it's collar to the frame.

.

CLEANING OF THE COLLIMATOR AND THE SOURCE

If the. zero flux decreases quite' rapidly it usually signals -

n operator that the.collimator gets dirty. In some cases loos'e'

U 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 1:

Procedure A.*

Insert a piece of thin-cardboard (size approximat- I

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,

force air to the collimator. : The air then forces |

possiole dirt up and out from the collimator tube, 1
,

The piece of cardboard prevents dust'.from entering
up into the sheet pressing cup through.the measur- |

'

pd '

ing opening.s

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 :

e

Procedure B.
,

Remove the detector (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 f 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 H the' opened plastic bag
.

and clean the collimator tube'by dropping _the' piece _i
,

of the plastic = hose through-the'collimator.

DO NOT ATTEMPT TO USE.ANY, METAL WIRE TO-CLEAN THE
COLLIMATOR AS THE SOFT BRASS COLLIMATOR SURFACE-
WILL EASILY BE DAMAGED. -This will decrease the=
precisi, of the measurement.

Very ' gently wipe .the _ surf ace of the beta source
clean from eventual dirt using the cotton end' stick

.

(or swab) and put'the stick also into the' plastic' -l
bag. THERE 'IS A ' VERY THIN METAL WINDOW ON TOP OF 4

-

THE SOURCE, MADE~ OF- PALLADIUM - AND ' OF SILVER: TO -|
PREVENT ANY CONTAMINATION. DO NOT SCRATCH .THE ;j
SOURCE SURFACE TO PREVENT ANY DAMAGES- TOL-THE
SOURCE.- - USE = NO - HARD MATERIAL. (METAL,- PLASTIC,
WOOD) FOR CLEANING!

Close the plastic ~ bag - and store it for. inspection
before disposal. Screw the sourceiholder clockwise
into the collimator, - f asttI the locknut, install
back to the detector frame, check the -zeroi flux
level and= fasten the detector.

!

EXTERNAL RADIATION AROUND THE TESTER- d
!

The tester has been tested 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-

O~ radiation were observed. Please note that in the test-the
tester was loaded with a 5 mci Pm-147 source as the sources
obtainable todav are of 3 mci only -

Assembled (i.e. ready for oneration) device. meas-

ured as close to the beta' source as nossible. at
the sheet Dressino cun. at the heicht of the ;nea s - -
urino cant

- less than 2 uSv/h with paper in the
measuring gap, 1.e. with closed gap,

17 uSv/h with totally open (2 mm), empty '-

9Cp

Assembled device. measured at the can heicht. at a
distance of 10 cm from the sourcer I

- less than 2 usvA with totally E open .
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(2 mm), empty gap. |

The, above' exposure rates are negligible under ,

'normal operation of the-tester. Thus the user will.
not be-exposed to radiation _and no personal.radia--

,

tion dosimeter will-be necessary.
.

.

As the collimator (loaded with' the= source) is
removed from the detector frame a rate of 600 uSv/s-
was observed at-the collimator tube-opening.,

The source.. removed from the collimator oave a rate
~

of 12 5 mS v / s'. !

.I
pSv/h =.microsievert per hour
pSv/s ='microsievert per.second ,j
1 pSv/h' equals to 0.1 mrem /h-(mR/h)! |

t

The measurements were carried out by SSI, . Swedeng- |
(the .Swedish governmental--office ifor radiation {
safety) using'a-Philips ZP_1430 GM_ tube with brass !

. lens (made by SSI)-and a Bicron type Labtech' scaler |
ratemeter, j

'I

i

|

.

'

O
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8. REMOVAL AND INSTALLATION-OF THE DETECTOR

The followino nrocedures should be carried- out by onerators

with adeaunte knowledae and trainino in radiclooical safety
only. See chanter 7. too.

Handle- the scintillation' counter detector carefully. ' There - 1
is a vacuum photomultiplier tube inside the detector casing
and rough handling . of .the detector may cause dislocation of- i

the multiplier dynodes inside the tube.
'

Remove the detector as follows -

1. 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 control unit.

2. Remove the .twa Allen key screws ' fastening the -detector i

collar to the detector frame (key delivered in the tool (

O. set). Do not touch the three small lockino screws that lock
the detector to a richt level in the detector collar.

3. Take a firm grip to the detector collar with your:right hand- 3

and support the sheet pressing cup at the lower.end of:the j!
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- .L
with the detector slightly when lif ting up. When' lifting,

3r to support the brass sheet pressing cup with yourreme 3

left hand finger all the time. The~ cup must not. be~' dropped
because it will easily be 4 med and when' deformed it may:
jam to the Tetector collar then the sample movement may be a
disturbed (the sample ef,ner jams or will not be pressed
against the collimator both cases causing incorrect . re--

sults).

NOTE THAT THE COLLIMATOR HOLE OUTPUTS BETA RADIATION'ALL THE I

- TIME !! DO NOT UNNECESSARILY EXPOSE YOUR BODY ffincers'or
~ esnecially eyes) TO THE RADIATION ! It :is worth to ~ notice, j

however, that the transmittance of the outputting radiation 1

is relatively lows it does not pass through a board sheet of a
350 g/m' and it will easily be stopped by clothing or the j
utmost layers of the human skin.

)
.

4. Now you may remove the sheet-pressing cup _and carefully ~ lay
the detector sideways to a level surface. Do not dismantle
the collar from the detector neither the shelter rino at the
lower end of the detector tube. Behind the shelter there-is
a thin onaoue sheet and the scintillation nlastics sheet. If
you remove these and exnose the tube to a strono' licht
fordinary room lichtino will- be enouch) the tube may be
damaced.

,

Install the detector tube as follow ,

j
5. Install the detector tube carefully, to - the detector frame

-
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by supporting the sheet pressing cup at the lower end of the
i detector. Fasten the two Allen key screws but not too

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

6. Fasten the high voltage cable to the tintrol unit and adjust
the high voltage using the high voltage setting potentiomet-
er. If the high voltage cable has been removed from the
detector fasten the cable to the detector casing using
plastic bandage or electric insulation tape.

REMOVAL AND INSTALLATION OF T!!E DETECTOR INTO Ti!E COLLAR

If it will be necessary to remove the detector from it'so

collar unscrew the three Allen key lo king screws until you
can slide the detector out (upwards) from the collar.

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

,

Before you tighten the detector locking screws gently insertO a 2.0 =m thick gauge fthe surface and edoes of the cauce
MUST be scratchless) inio the gap between the collimator and
the sheet pressing cup. Take care not to damage the po-
lished surfaces of the collimator and the sheet pressing
cup!!

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,

s

O ;

L
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APPENDIX G : SAMPLE OF Tile DOCUMENTATION ACCOMPANYING
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Removal and installation of the source . 71 l'
. . . . . .

When to change the source 72. . . . . . . . . . . . .

Cleaning of the collimator and the source 73. . . . .

External radiation around-the tester . 74(), . . . . . . .

8. REMOVAL AND INSTALLATION OF THE DETECTOR 80. . . . . .

i Removal and installation of the detector to I

| the collar 82 ]. . . . . . . . . . . . . . . . . .

! l
I 9. MAINTENANCE OF THE MECHANICS . 90 ;. . . . . . . . . . .

Overhaul and adjustments . 91: . . . . . . . . . . . . .
!Removal and replacement of the sheet pressing

rollers . 92 J. . . . . . . . . . .. . . . . . . . .

Replacement of the roll bearings : 93 |. . . . . . . . .

Replacement of the detector frame mover screw
bearings : 93. . . . . . . . . . . . . . . . . .

Replacement of the axial bearings of the guide
rods : 95 l. . . . . . . . . . . . . . . . . . . .

Replacement of the roller lock mechanism
springs . 95. . . . . . . . . . . . . . . . . . .

Drive roll rollers : (95)
Guide roll rollers : (96)

Replacement of the brake spring 96. . . . ., . . . . .

!
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Secplo spool . 96. . . . . . . . . . . . . . . . . . .

10. CCNTROL ELECTRONICS 100. . . . . . . . . . . . . . . .

Serial interface connected stepper motor and
pulse counter interface . 101. . . . . . . . . . .

Operation of the controller interface 101. . . . . . .

Structure of the interface- 101.. . . . . . . . . . .

Data communication between the interface and
the pc computer . 102. . . . . . . . . . . . . . .

Communication protocol (102)
Protocol commands (102)

The cpu card . 105. . . . . . . . . . . . . . . . . . .

I/O. table (105)
Memory usage (106)
Jumpers (107)

Interface buffer card 107. . . . . . . . . . . . . . .

Functions of the card (107)
Connectors (108)
Stepper motors, manual drive switches,

limit switches (110)
Serial interface connector (110)
Scale.r connection (110)

Interface software . 110. . . .. . . . . . . . . . . . .

Assembler pr>Jrams (111)-

Command interpreter (Pascal) (113)'
Communication between the upper and lower

level programs (113)-
Performance characteristics 113. . . . . . . . . . . .

Default parameter values.. 113. . . . . . . . . . . . .

11. FORMATION MEASUREMENT SOFTWARE . 110. . . . . . . . ..

Start-up of the measurement ill. . . . . . . . . . . .

llelp at the main menu 112. . . . . . . . . . . . . . ,

The end of the measurement . 112. . . . . . . . . . . .

Parameter feed . 112. . . . . . . . . . . . . . . . . .

The use of the x-y-motion controller through
the controller progran formatio.Exe . 113. . . . .

Resetting the controller (113)
Parameter feed (113)

- Transmittance of the pulse count results
(114)

Control of the stepper motor motions (114)

() 12. PARTS LIST 120, . . . . . . . . . . . . . . . . . . .

Specimen scanner . 121. . . . . . . . . . . . . . .. .

Control unit box . 123. . . . . . . . . . . . . . . . .

Tools 124. . . . . . . . . . . . . . . . . . . . . . .

13. ROBCON CPU 019 311 manual
14. NE Technology, ST 7 Scaler, manual
15. NE Technology, NE 810 DM1-1 detector, manual

. .

-
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?

1. TECHNICAL SPECIFICATION
.

Measuring principle : Transmittance of beta radiation
,

Speed of measurement : The routine measurement (consisting i
of 400 measured points, pulse count.

'

ing time of 1 second) takes less
than 14 minutes using the computer
according to specifications belcw.

Measuring aperture : 1 mm

Movement of specimen Stepwise scanning. During pulso
counting the specimen is stationary.

Distance between adjacent points 3,5 mm (default) in X- and in Y. !
directicas. t

The distance is separately adjust.
able in both directions,

'
g Number of measured points : 400 kpl (default), adjustable be.

tween 2.. 9999

X. direction 20 pcs 'ief aua c), adjustable
Y. direction 20 pcs Icfault), adjustable

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

ured.
Pulse counting time : 1 s (default) per point.

Adjustable between 0,1.. 20 s,
t

Width of sample sheet : 1.ax. 210 mia ( A4-format width) .
Length of sample sheet i Unlimited.
Grammage range : 20.. 300 g/m'. At grammage, levels

below 30 g/mi a light pressure cup
is to be used (obtainable through

i AMBERTEC).

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

,

Source of beta radiation : Promethium 147, NO OTHER NUCLEAR
ISO'ICPE MUST BE USED.
Sealed type source, nominal activity
3 mC1, type Amersham PHCK 3556 (type
code might vary according to the
supplier) capsule type X110. The i

distance between the source and the . I
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 i

local Institute for Radiation Safety. |

. .|
1

'

l

\,
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is required. Tho parmission notes
the local person in charge of radia-
tion safety.

The source of radiation seats
shielded in the tester and there
will be no radiation learino outside
the measurino can. Thus the user x

will not be ernosed to radiation and
no nersonal radiation dosimeter will
be necessarv.

Collimator : Brass, Diameter of the collimator
tube 1 mm, length of the collimator
2.5 mm

Detector of radiation : Scintillation counter detector
Type, Nuclear Enterprises DM1 1,
Scintillator : NE810, Plastic

Measuring gap : The distance between the beta source

O aa ta a t etor i= 1e== thaa io -

A brass sheet pressing cup (around
the end of the detector) presses the
specimen tightly agair.a t the col-
limator thus preventing the movement
of the spt:cimen up and down in the
gap. The distance between the

- co111 mater and the sheet pressing
cup (i.A. .the measuring gap) is
adjuste(. to 2 mm.

Scanner mechanism : The . sailple 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

O the tester by nip traction.

Computers : The movements and the pulse counting
is controlled by : CPU card which is
connected to t'.e main controller via
an RS 232 se.ial interface.

The main controller is an IBM PC/AT
- c ompa ti ol e computer . fulfilling )
following requirements:

640 kB RAM, clock frequency 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 measuring program prints out in
colour (matrix printer STAR LC 10
Color and compatibles).

The programs : The programs are ' stored on a 360 kB
format floppy disc from which they
can be installed (copied) to the
hard disc. Programs are not copy-
protected 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 versions of- programs
around. For this reason no mnemonic
source code of the programs will be
supplied.

~AC-connection : Three (3) connections with protec-
tive grounding (Schuko) 220 V :
one for AMBERTEC Beta Formation
Tester (220 V 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-
interruptible power supply (UPS) is
recommended.

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

O- in the controller computer).

Operational conditions: The tester- is 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
detector dynodes (in a vacuum photo-
multiplier tube) might be dameged.

As paper is very hygroscopic pos-
sible. Variations in the humidity of
the ambient atmosphere will affect
the grammige varit. tion of the sheet
thus aff 7 ting also the formation'

index. Therefore it is recommended
'

to use the tester in - laboratorie 3
incorporating . proper air condition-
ing for constant climate.

. . . . _ . . . . . . . _
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I

Measures: Soecimen scanner (width x height x
depth) 45 x 17 x 27 cm

Control unit box : 35 x 20 x 45 cm

Computer :
Keyboard :
Monitor screen :
!! atrix 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 be installed such that
the specimen scanner, monitor
seresn, keyboard and printer are at i

the table and the computer and the
O- 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
requires about 200 x 60 cm of table
area.

No restricted area reservations (due ;

to the radioactive source) are '

-
,

,
necessary.-

* '

..

t

O
:

!
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2. CONTROLS AND CONNECTORS

O
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Docket No. 030-31314
Control No. 111643

>

M/K Systems, Inc. i

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 information:

1. In : tem 5. of your application you request authorizaticn for promethium-147
with a maximum activity of 12 millicuries (mC1). However, you do not
indicate in what form the radioactive material will be, what the maximum
activity per source will be, or the exact model number of the source.

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 information 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
stating 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.

L 4. In Item 7. of your application you state that you have received training
in the use of the equipment which employs thi 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 er the topics covered.
Also, there is no indication of Mr. Komppa's qualifications to perform

,

such technical training. Furthermore, in Item 7 there is no indication'

i
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;

that you have received training in br sic *adiation safety which includes
the following topics: i

l

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

b. Radioactivity measurements, use of radiation detection 1,..truments
and monitoring techniques,

c. Biological effects of radiation,

d. Procedures for performing the services requested,

e. Actual practice in performing the services.

The information described above must be addressed for each individual you |request to be listed, as an authorized user, on your license. 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.

5. 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 be presented with a brief description of the use, care and
,

precautions regarding the gauge, at least twice a year. It.is necessary :
to distinguish who will be installing, handling and servicing the gauge !

and source and which employees, if any, will be providing training on the
use of the gauge and the installation of sources. Employees not listed as
authorized users who will be working under the direct supervisit and in ;

the actual presence of an authorized. user must receive training r only,

| on gauge operation but also on radiation safety. This training r. t be
'

given by a qualified individual. The training must be provided prior 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. '

i

6. In Item 9 of your application, you state that the gauge will be located
| vn 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.
1

Please provide the above information,

r

|
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7. In Item 11 of your application, you state that a depleted source wili !

be returned to the supplier (Amersham international) 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 will be conducted by the purchaser, you must
submit the model 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 will
occur. Please provide the following information:

a. The exact procedures for leak testing each source.
,

b. The time interval at which testing will occur.

c. 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 individual performing the
procedure.

Please submit the above information,

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 limited to, actions to prevent
contamination and who will be notified in case of an emergency. !

Please submit the above information.

i 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 question. You must
also describe the procedures for calibrating the instrument. If this

| ~
will be done by another company, provide their NRC or Agreement State
license number or a copy of their calibration procedures. .|

Please provide the above information.
l

'1

l
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1 i
11. In your application, there is no indication that personnel monitoring '

i devices will be provided to your employees. . Companies engaged in the !

| servicing, installation, re heation 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.

12. In your application, you do not indicate that all servicing will .

'be conducted in accordance with the manufacturer's specifications
and instructions. .

Please confirm.
;

13. In your application, there is no. reference to the type of training you
will provide to eich individual who purchases e gauge. This training
should include, but is not limited to, operation, safe source handling,
care and maintenance and radiation safety. Procedures for the c1 caning '

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 duplicate to my attention at the Region I office and refer to Mail Control

No. 111643.
,

i

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

l
Sincerely, [|

-

l

i
'

original Signed By:

| John D. Kinneman

.

' John D. Kinneman, Chief
| Nuclear Materials Safety Section B

Division of Radiation Safety

and Safeguards

Enclosures:
1. 10 CFR Parts 19, 20, 30 and 32 ,

2. Regulatory Guides 404-4
',

3. Form NRC-3

R kDRSS
'

E fpinb nneman

02/ b /9002/ l A /90 h
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PshooNs (OcAtto IN AchttestNT sf Afis SEND APPtsCAfloess TO THE uit NUCtt AR RtoVLATORY Commission oNLY if tHEY mow To POestes AND ust LiCtasstD MattRiAL I
IN STAttl SUBJtCT TO U.S. 98UCLE AR RE GULATOR Y COMedleBIOes JuhltDICTIOs#.

1.THIS IS AN APPLICATION FOR IChers assisyrseer isom/ 7.NAME AND MAILING ADDFitSS OF APPLICANT fiarludelp Cadet

T A. htW LiCENu OTTO J. KALLMES |
- '

e AMENDMINT TO LiCt=st NUMetR M/K SYSTEMS, INC.
-

C. RENEWAL OF LiC8=u NUMe R 12 GARDEN STREET
*- DANVERS, MA 01923

g j3. ADDRit$ltSi WHERE LICEN8tD MATERIAL WILL DE U54 D OR POSSE $$10.

SAME [ E,_,
Pn '(_, c ' r.7: n

2 g -3
s y a >

4. N AME OF PER$CN TO $6 CONT ACitD ABOUT THIS APPLICATION TELtPHONE NUMBER -

OTTO J. KALLMES (508)774M880 ~
$U191T ITEMS 5 THROUGH 11 ON 84 a 11"PAPE R. THE TYPt AND SCOPE OF INFORMATION TO DI PROvlDED IS DCSCR19t D IN THE LICINlt APPLICATION 0 ult,t.

5. 3;ADIOACTivt MAf TRIAL W *

6. 5 ement and mens humter, ti chemkal end/or phys.ce' loem. end a monimum emov t 6. PURPO58181 FOR WHICH LICENSLD MATIRIAL WILL $$ USED,a
which mil te peinessmi et any one Hme

* ' ' A "'
8. TR AINING FOR INDIVIDUALS WORKING IN OR FREQUENT!NG mistRICit0 ARE AS.AN OA R E 4 C

9 F ACILITit8 AND EOUIPMENT. 10. R ADI ATION 54.8ETY PROGR AM.

~
13 LICtN$tt Fttb noe 10Lin 110and$ectnen slottb
,,,,,,,,,,, 3p |gMgU,'EED s 230.00n =AsttMANAoiMENt

_
IJ CE R T IF ICA TION f48ust ee carnspeent er app 4reet/ THE APPLICANT UNDE R5TANDS THAT ALL ST ATEMtNTS AND Rif RE$ TNT ATION5 MADE IN TH18 APPLICATION ARE

SIN 0iNG UPON THE APPLIC ANT.
THE iPPLICANT AND ANY OF FICIAL t KtCUTING THIS CERTIFICATION ON 8 THAL 61 OF THE APPLICANT, N AMED IN ITEW 2. CERTIFY THAT THit AP* ''ON 18
PREPARED IN CONFORMITY WITH TITLt 10.COOf OF F EDERAL RE GULATIONS.PART8 20.32. 33.34. 35. AND 40 AND TM AT ALL INFORMATION cot . T HERtlN,
18 TRut AND CORRECT TO THE BEST OF THilR tLPsOWLEDGE AND SELitF.

Yr& Retino 18 0 8 C SECTlDN 1001 ACT OF JUNE 76. ING 62 87AT. Tat MAKts lT A CRIMIN AL OFF ENSE TO MAsit A WILLFULLY F ALSE ST ATEMENT OR REPRESENTATION
TO ANY DEPARTMENT OR AGENCY OF THE UNITED Si Af ts AS TO ANY MATTER CTHIN ITS JURISDICTION

!DATE
SIGNATURE -CERTIF YING OF FICt ft TYPED / PRINT LD N AME TIT LE

OTTO J. KALLMES PRESIDENT .10/30/89

/

FOR NRC U$t ONLY
TYPt OF 765 Fit LOG Fil C Af tOORY COMMENTS APPROYE D 8 Yg

0% IW W /h tw
AMOUNT RIClivt0 CHECK NUMBER Dmit

50 YhY _ _ _ _ _ _ f

0FTICIAL nwMu wrf R1P NOV 201980 111643
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,5.. . Promethium.147;, Maximum Activity 12 mi. ]
*

1

6. The source is an integral part of the Beta formation Tester, and '!"

will never be renoved .from it except for replacement'.. '
s

7. Otto Kallmes;has been trained _in the use .of-the equipment employing' !
this source, the Beta Formation Tester, by Mr.1 Antero Komppa, the -j

.

founder of Ambt:tec OY,.the Finish company-manufacturing:it. Dr.. .

Kallmes is a graduate chemical engineer (Northeastern University 1
1954) and has a PhD:from the Institue of; Paper' Chemistry in. Appleton, |

- Wisconsin.
.

' '
j,

8.- No'other employeesf of M/K Systems, Inc. :will be involved ' ith the' jw

-Tester. l
'

i

9. The Tester will be located on-a bench in'our electronics' shop;. |
:

.for tett;og.
o

10. We have a total 1of six employees, and I will pree .it a brief.-- ti

description of the equipment,-its use,-care, ar s precautions at i
least'twice a year.

. ,

The source will be returned'toLth6 supplier, Amersham'. Intern 1tional ;11. :

after'two years for replacement by a new one,.

o
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: INFORMATION FROM LTS
SETWEEN.

O .

:
LICENSE F EE M AN AGEMENT BRANCHs ARM : PROGR AM CODE: 03122

AHD : ST ATUS CODE: 3O REGIONAt tICeuSING SECTIONS : eEE CATEGoRT: . . . . . . . . . . . . . . . . ,

: EXP. DATE: 0
: FEE COMMENTS:O : : : : : : : : : : : : : : : : : : : : - : . : : : : : : : : : ,,)

................

LICENSE FEE R A NS'4IT T AL

REGI0tjA.

O 1. APPLICATION ATTACse0
AP PLI C AN T / LIC E N S EE : N/K SYSTEMS, INC.
RECEIVED DATE: 8911200 00Cu3 No: 30 m.1 <,

CONTROL NO.: 111643
- LIr.ENSE NO.:

-

ACTION T Y PE: NEW LICENSEE

2. FEE ATTACHEDO MAM0usT:
CHECK NO.: ~b. .

O 3. COMMENTS

O SIGNED --
p. --- --------m .. J . ........ ...

B. LICENSE FEE MANAGEMENT BRANCH (CHECK WHEN MILESTONE 03 IS ENTERED / ./)|

1. FEE C ATEGORT AND AMOUNT: ,,,h,...,, . . . . . . . . , . . . . , . _ , , . . . . . . . ,,

O CORRECT FEi. PAID. ApptICATION MAT BE PROCESSED r0R:.

AMENaMENT !..............
RENEWALO . . . . . . . , , , , . .

LICENSE ... .........

3. OTHERg , , , , . . . . . . , , , , , , , , , , . . . . . , , , , , , , , . . , , , , , . . . ,

...................... .........

O ..............e . g .... .... iOATe

O

O l

O

O

O !
. __ _ _ _ _ _ - a



T

VOID SHEET )
4\

tgx.5
T0: License Fee Management Branch

FROM: OeWO61 ]/j|bd
SUBJECT: VOIDED APPLICATION

Control Number: } || loN3
M ,f k b h 9 M S , I n c .Applicant:

y -

'Date Voided: 90 - 05 -o 1
Reason for Void: A 3 D |J odAi l' /lj / 6 /edi el( I6444LO

Dw n' nw heone .2n lebr daSd
b, a n M 9 6 andron mh

-

_ffAJ \ M.
.

|

Al h - slabo
Signature (/ D' ate /~

Attachment:
Official Record Copy of

Voided Action
,

FOR LFMB USE ONLY

Final Review of VOID Completed:

Refund Authorized and processed
'

No Refund Due

Fee Exempt or Fee Not Required

Sb91/6Comments: Log completed }<
Processed by: (1 -

. .

0FFICIAL. RECORD COPY N 1
.


