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? < Depairtment

pu mm mumy BERTHOLD INSTRUMENTS, INC.
E '-~l - 136 Bradford Avenue

~~

Pittsburgh, PA 15205
Nucteer instrumentation

_
412-922-2635 Telex: 812527

June 20, 1984

U. S. Nuclear Regulatory Commission
Region'I
-631 Park Avenue -
King of Prussia,-PA 19406-1498

' ATTN: JACK DAVIS:

CONTROL NO. - 02478 (PDSSESSION)

Dear. Sir:

'Our license application (Control # 02478) dated
May 24, 1984, was submitted with discrepencies. It appears
that some information was provided that does not really
apply and conversely some information was deleted that
does apply.

Would you please. remove and dispose of all the
information between attachment #1 and #2 (four sheets that
contain specifications and drawings plus'1 brochure on-

the .TOL/E ratemeter).

Would you-please add attachments #4 and #5 (not
provided in the original application) and additional
information requested-indicated by attachment'#6 and #7.

This now makes the attachments agree with the
application Form 313 and original cover letter.

I appreciate your attention to this matter and regret
any-inconvenience.

. ,

Sincerely,

stuur - '

ames A. Welshg.

;g { Industrial Product Manager
: ca

@ Enclosures:
a)

Attachments: #4 RADIATION PROTECTION PROGRAM;g
i nno #5 FORMAL TRAINING IN RADIATION PROTECTION
o" #6 PROCEDURE FOR AUTHORIZATION TO SERVICE DEVICES

I$d #7 OUTLINE OF ADDITIONAL TRAINING TO BE PROVIDED
;$ TO JAMES A. WELSH'

j$$ T(2 copies)

L "0FFICl/i[200RD COPY" '
auna s a

.
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t' i - 0 ATTACHMENT # 4

* t '' * ITEM # 15 - RADIATION PROTECTION PROGRAM.

-I. EMPLOYEE TRAINING PROGRAM

A ' training program will be in effect. for
all employees handling or frequenting areas

- -where radioactive sources will be used or

stored.

The training of an employee in Radiation
Protection is the responsibility of. James
Welsh, Industrial Product Manager, R.S.O.

The training program on ,the " Mechanics and
~ Physical" properties of RAM for safe use

and handling of will include the following.

. topic. No te '" D" refers to DIDACTIC and "P"
refers to PRATICAL handling and demonstration.

(D) A. ELEMENT IDENTIFICATION
(D) B. ISOTOPE PRODUCTION

(D-P) C. ELECTROMAGNETIC & PARTICULATE RADI ATION
(D) D. ENERGY SPECTRUMS
(D) E. DIRECT IONIZATION
(D) F. INDIRECT IONIZATION
(D) G. ACTIVITY UNITS & SUB-UNITS INCLUDING S.I. UNITS

(D-P) H. INVERSE Sq. LAU
(D-P) I. TIME,- DISTANCE, AND SHIELDING

(D) J. MATHEMATICS .

(D) K. ROENTGEN, RAD. & REM./S.I. UNITS

(D-P) L. CALCULATING DOSE FROM ELECTROMAGNETIC
RADIATION USING 6 C.E.N. AND GAMMA RAY
CONSTANT FORMULA.

(D) M. OCCUPATIONAL EXPOSURE LIMITS
(D) N. SOME BIOLOGICAL EFFECTS
(P) O. SURVEY EQUIPMENT-
(D) P. 10 cfr 19.

II. It is a Health Physics judgement that bio-assays
will not be necessary.

,

III. Film badge (whole body and ring) will be employed.

=- I V . Sources will be leak tested by a wipe test on a
six month period and analyzed by a Berthold
contamination monitor LB 1210B or C depending
on type of activity.

V.- -Area wipe-survey will not be necessary on a
periodic-basis. An area wipe survey will be performed
'if:

(a) A wipe test of sources indicates
leakage.

(b) If Tritium or Carbon 14 is used to apply
to TLC plates for testing.

-VI. Areas where RAM is stored or used will be placarded -

as per 10 cfr 20.203.

.
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- >- :.o ATTACHMENT # -4 '
.* ITEM #--15:--. RADIATION PROTECTION PROGRAM...

-

A.

VII.- Records of.. inventory, wipe-test, exposures.-
uaste disposal (if.any) will-be maintained in

.,

. accordance to 10~cfr 20.
.
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r, ,- . * ATTACHMENT # 5
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-

' ITEM # 16 -; FORMAL TRAINING-IN RADIATION PROTECTION :
* '

BY JAMES A. WELSH. |

a, b, c, d - Rutgers - Radiation protection for |
~

LPhysicians and Scieantists by Dr. R. Wynveen.
Six (6) months.

b - Packard Instruments, Inc.

c - Rutgers - Basic Nuclear Physics Dr. .F. Haughey
Six (6) months.

* ITEM # 17 - EXPERIENCE-

Instrumentation' (1) Packard-. Instruments, Inc. 1964-1966.

1 Activities (2)''H,'14C, 32p, 1251, _131 I, mci amounts.
Research- (1) Ortho Diagnostics,.Inc. (J & J)

1972 ---1982 Radiation Safety Officer
-x

(2) Designed and managed _ Radiation Safety
program including training of employees.

'

(3) Isotopes used - H 51 Cr, 90 125Sr, 1,
C, Cs, 137, 32p,,51 Cr.- high14

millicurie amounts.

. _ Sterilization' -(1) International.Nutronics, Inc. - 1983
Facility

(2) R..S. O.

(3) Isotope Co-60 - Kilocuries

,
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J $ ATTACHMENT |# 5-

* ITEM # 16~- TRAINING IN RADIATION PROTECTION BY ALFRED McCABE.- '-

a, b, _p, | North Carolina State University

a, b ,E c , d, . Philadelphia College Pharmaceutical Sciences

b,c. Packard Instruments. Inc.

b, c- LKB Instruments,.Inc.

b, c ', . (Wallace, oy

.b._c, _ Laboratorium Prof. Dr. Berthold

* ITEM #17 - EXPERIENCE

Packard Instruments, Inc. - 13 Years

4 Years-LKB Instruments, Inc. -

Berthold Instruments, Inc.- 4 Years

4

Instrumentation: Liquid Scintillation Counters

' Gamma Counters

Proportional Counters

Work Experience: Service, Sales, Product Management,
Radiation Safety Officer, Sales
Manager. Executive'Vice-President.

Co, 99Tm . 1257, 131 7,Activities: H. C, 32p, 6014

~137 226Ro, 241 Am, Micro Curie quantities..Cs,

125I - Demonstrate RIA kits and sealed
sources to demonstrate system performance.

.
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HElfPLOYl!ENT RESUllEn

tJilliam F. Kausel:, Jr. R.T.(A.R.R.T.) -

302 Wylie Avenue
Strabane, PA 15363

-

- B.D. 2-2-49 liti 5'8" Wti 100

liAY 1933 --- Present
: Berthold Instruments, Inc.
136 Bradford Avenue
Pittsburgh, PA 15205

Technical Representative

1981 --- APRIL 1933 -

Pharmatopes, Inc.
3402 Butler Street
Pittsburgh, PA 15201

Sales Representative

Pennsylvania, and West Virginia area sales representative.
Supplied medical radioisotopes and accessory equipment to nuclear medicine
f acilities.

1974 --- 1981
*

Diagnostic Isotope Laboratory, Inc.'
532 South Ail:en Avenue
Pittsburgh, PA 15232

Chelf !!uclear liedicine Technologist

Gamma camera and scarner imaging, Radioimmunoassay,intenance, Diagnostic Ultrasound,lab management, billing, boolteeping, equipment ma office
management, Radiation Safety lionitoring

St. Francis General Hospital
Pittsburgh, FA

Continuing Education Program
Radiological Ph sics & Radiation Biology
April 12 & 13,1J30

Allegheny General Hospital
Pittsburgh, PA

Society of Nuclear lledicine and Technologists
liay 1 - 3,1931.:

The Penn-Ohio Chapter of the American Asc. of Physicists in Medicine
!!ovember 21,1991
Symposium on Current Tcpics in Nuclear ifedicine

1979 --- 1980

Ultranuclear Imaging Laboratory, Inc.
. 220 tieyran Avenue
: Pittstorgh, PA 15213

Cheif N.ll. Technologist

Organized and initiated the operation of this lab.
Diagnostic fluclear Cardiology and ultrasound procedures.

-1- ,
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1978 --- 1979
'Instrumentation Industries, Inc.

. !!21 Streets Run Road
" Pittsburgh, PA 152G3

Biomedical Repair Technician
Electronic construction of prototype devices

' Area Service Rep. fort

Ortho Diagnostic Instruments, Inc.
"Hemac" Lazer Hematology Counter

j Data Devices Int., Inc., Kybe Corp.
Computer tap 2 cleaners, testers, and certifiers

Forma Inc.,

Incubation and environmental chambers .

- 19GS --- 1973

United States llavy

Hospital Cor
Great Lakes,p.s SchoolIll.

Great Lakes Naval Hospital
Great Lakes, Ill.

X-ray Special Procedures (2 yrs.)
Radiation Therapy (2 yrs.)
Routine Radiology (3 yrs.).

fluclear Ifedicine (on the job training)
* Radiation Safety lionitoring

NORTHtJESTERN f)!!IVERSITY
-

The }iedical School Clinical Training Division
Chicago, Illinois

Radiation Therapy Dosimetry (Jorkshop
. April 1,1970 to June 3,1970

H morably Discharged (H!f 2, ES)

- 19G7 --- 1969 ~
.

IJashington Hospital School of X-Ray Technology
*

tJashington, PA

Two year on the job training in X-ray technology

Received Registry

High School

s- Canon-!!cMillan Senior High School
Canonsburg, PA

f' Acedemic Course
Graduated! 1967

Otherst

Cleveland Institute of Electronics
Radiotelephone License and Electronics

National Technical Schools
Electronics
& Air Conditioning, Refrigeration, and Heating

.
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APPLICATION FOR SERVICING OPERATION-- .
> r

I'
#

APPLICANT
-

Berthold~ Instruments
136 Bradford Avenue
Pittsburgh PA 15205
USA.-

Tel: 412-922-2635 T1x: 812527

Application'Date! - April 16, 1984

1 Servicing Operations
..

a) Specific device:

Berthold level control systems

b) _ Operations to~ be performed:

i) To change or replace the sources for
renewal or in case of an accident. ,

.

ii) Make an area radiation survey, if requested,4'

iii) ~ Provide wipe test, if required.

!c) Step by step procedure:

i)- Rod. source changing both Cs-137 and Co-60:
,

- -Remove the upper flange by loosening
the 4 s pe cified: s crews .

- Remove the. flange on the shielding
,

cylinder.
- Take out the decayed source.

Install the new source-and replace the-

disassembled parts (flanges).
- The old (decayed) source, is then put

into the shipping container and returned
to Berthold Company in West Germany or given
to a commercial nuclear waste disposal
company.

- -The time required to handle-the unshielded
source in the above procedure, approximately
one (1) minute and an average distance

'between the body and source o f 1/ 2 m (18"-20"):

Co-60 maximum source strength 50 mci-

whole body exposure 4.5 mrem *

-

Cs-137 maximum source strength 500 mci
whole body exposure 12 mrem

L-- lo
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ii) Point source changing both Cs-137 and Co-60:

Remove the upper flange by loosening-

the 4 specified screws.
Remove the flange on the shielding-

cylinder.
Take_out the decayed source.-

- Install the new source and. replace the
disassembled parts (flanges).

- The old (decayed) source, is then put
into the shipping container and returned
to the Berthold Company in West. Germany..

or given to a commercial nuclear waste
disposal company.
The1 time required to handle the unshielded--

source in the above procedure, approximately
one.(l') minute and '.an average distance
between the body and source of 1/2m'(18"-20"):

Co-60 maximum source strength 200 mci
whole body exposure 18 mrem

Cs-137 maximum source strength 1000 mci
whole body. exposure 24 mrem ,

The person doing the above will carry a pocket
doseEmeter with which he.not'es the total exposure-
received during this operation. A special log book

*

will 'pe. maintained.
,

d) Names of individuals: '

,

- f James A. Wels h - Indus t rial . P r'oduct Manager

.c) ~ Trainer's qualifications:
"

'

This training will be provided by the.Berthold Company
in West Germany, following procedures authorized by-
the German Government, and this training follows the
radiological safety procedures described in Appendix
1.

f) 'No operations will require radiation surveys.
.

'

2 Leak Test'ing of Sealed Sou'rces

Leak testing, if required, will be done by an authorized,-
licensed, other United States Organization.

3 ' Radiation Survey Instruments

We propose-using the following instruments:

Dose rate meters: Berthold model LB 133 gamma ray measuremene
Victoreen model 493 or 496 gamma

,

ray measurement

These instruments would be returned to the manufacturer
for re-calibration. The frequency of re-calibration will-

follow manufacturer's recommendations.
__ _ _ _ _ - -_ _ _ _ -
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INSTRUCTIONS FOR RADIOLOGICAL PROTECTION

i.

. .

.

.

.

.

C0NTENTS
.

'

,

Types.and Properties of Radio-active Radiation1.
"

2. Dosimetric Evidence

3. Important Terms
,

4. Radiation Protection Measures
.

5. Functions of the Radiation Safety Officer (SV)
and the Radiation Safety Steward (SB)-

6. Permissible Radiation Doses
.

7. Radiation Protection Areas

8. Physical Radiation Protection Control

9. Further Regulations

'

i 10. Shielding
,

11. ' ' Rules of Approach

2*

. .

.

.*
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INSTRUCTIONS FOR RADIOLOGICAL PROTECTION
.

'

-
..

EThe inexpert use.of radio-active substances may lead to
excessively high doses of radiation which, in the extreme

case, can be detrimental to the health of a person. To

minimize the risks involved specific tolerance dose

values have been stipulated internationally. To ensure

their proper observation thn use of radio-active substances

in the Federal Republic of Germany is subject to the

Strahlenschut:verordnung (Str1SchV) dated October 13, 1976.-

"According to these statutory provisions radio-active.

substances must, with a few exceptions, only be used after

an official approval has been given. An important pre--

. requisite for this approval being given is the appointment-,

cf a Radiation Safety Officer unless the holder of the

approval as the person responsible for the radiological
.

protection possesses the necessary expert knowledge.

The function of the Radiation Safety Officer essentially

consists of making sure that the radio-active-substances

are handled in an expert manner, the provisions of the
I 1 approval fully satisfied and the relative points of.the

,

'

StrlSchV strictly observed. .

To meet the demands made on him the Rad ~iation Safety

Officer must be fully up-to-date with the latest-

requirements of radiological protection and possess

. adequate' knowledge of both the legal and technical
requirements of radiological protection to take the

decisions' expected of him.-
,

1
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1. Tvues and Prouerties of Radio o.ctive Radiation I

f
1

. l.1 Alnha radiation involves particle radiation (alpha- ~

;particle = ionized hellun nucleus) with a relatively

large mass. Even at high energies the material

penetration capacity is so small that, for instance,

it can be completely shielded by paper less than-

0.1 mm thick. Maximum reach in air is approximately

5 to 6 cm.

1.2 Beta radiation likewise involves particle radiation-

,

(beta-particle = electron) but with less mass..The
,

penetration capacity is accordingly larger than for

alpha-radiation. The penetration capacity also depends

on energy and is roughly inversely proportional to the

density of the substance. Maximum reach in air can.be'

up to approximately 10 m. In paper it is 1 cm and-in.

aluminium approximately 0 4 cm. If beta-radiation is

suddenly braked due to its impact on a heavy element

secondary radiation will result. This " Retarded

Radiation" is one type of X-radiation refermdto as

soft gamma-radiation.
.

(
x 1. 3 Gamma radiation involves electro-magnetic waves

radiation (such as light) at high frequency. In
,

contrast to particle radiation no maximum reach can

be given. Since the quantums have no charge and no
,

"

rest mass they have no pronounced interaction with
,

'. other materials. For this reason, gamma quantums

have a relatively large penetratio'n capacity. Inter-

actions with other caterials are due to the effects.. .

..

of photo absorption, comptone scattering and pa' iring.

Depending on the energy of gacma radiation these

effects appear to a varying' degree.
.

-3-<
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1.4 Neutron radiation, not unlike alpha and beta

radiation,. involves particle radiation. The parti-
,

cles are neutrons, i.e. electrically neutral-

,

nucleus components. Since they have no charge they-

readily penetrate any substance. The interaction

with material primarily depends on the energy

(velocity) involved and is based on the scattering

of atomic cores and absorption (intake). With fast

neutrons those scattering processes are predominant

which develop according to the laws of the elastic

shock known in mechanics. Since the neutron has. .

j roughly the mass of a hydrogen core it is substan-

tially scattered on heavy. elements without suffering
,

a major loss of' energy. However,.upon the impact, , .

{( with hydrogen cores, it will discharge about fifty
i

.,k percent of.its energy _so that after a very brief- ;

.;s period of time (after-approx. 18 shocks) it.is
'

retarded to a low (thermal) velocity which corre-
,

{;|.. sponds with the Braun molecular movecent.
.

- t..

* 2. Dosimetric Evidence

1

~ '

Ionization chambers, Geiger counters / halogen quench
''

Geiger tubes and scintillation counters are the more

common detectors for documenting alph'a, gamma and-

"

neutron radiation. Radiation measuring ' ins truments'-

for the most varied applications such as dosemeters
'

are commercially obtainable.
~

Since alpha.and beta radiation have a low penetra-

tion capacity only the radiation windows of the--

detectors mus't be accordingly thin. With alpha and

-4-
~ - -
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beta radiation detector evidence is produced by
,

the filler gas in-the counting tube bein,g ionized j;
or a scintillator being excited to ecit light. ;

~

,

i-

With garna radiation evidence is produced by second- j
j!j

ary electrones being directly released across the
Jdetector walls or a scintillator being e:: cited.

Neutron radiation, too, is only indirectly evidenced...

Fast neutrons are retarded down to thermo energy by

means of moderators (hydrogen ccres such as prevailing.

in paraffin or plastic) before being measured by .

detectors which contain a strongly neutron-absorbing
'

element such as boron or lithium. In personnel

dosimetry measuring instruments are used which

accumulate the radiation dose received and which are

evaluated at more or less long periods of time.

*
In film dosimetry the blackening of photographic

emulsions is utilized to determin the radiation

dose received. . Film doseneters contain a film in

a cartridge protected from the light. The cartridge
'

has a number of metal filters. From the blackening

generated behind the various filters the exposure

,

dose and the" radiation grade"can be told.
'

Glass dosemeters.contain a silver-activated phos-

phate glass contained in a capsule. Depending on th.e.

degree of radiation exposure more or less strong

fluorescent centres are generated which, upon eval-
,

uation, are excited by UV light. The intensity of n

the fluorescent light is proportional to the dose

received by the glass.
,

..

-5-
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Pocket dosemeters provide direct reading of the

dose received. They consist of a small- electrometer

whose cross-wire is 'made visible on a scale thr'ough.

.

a magnifying glass. Focket dosemeters are charged

by brief connection to a. voltage supply and-discharged,

in accordance with the radiation dose to which they '

'
are exposed.

3. Imuortant Terms
'

. ..
.

3.1 Activity

'

Radio-active sources are substances which decompose

as a result of nuclear processes, emitting radiation

quantums. The number of emitted radiation quantums ,

per time unit is referred to as activity. More
'' recently, the unit of measurement is the reciprocal

second (1/s = S~1) indicated in Becquerel (Bq).

(:L Bq = 1 disintegration /second). Another unit of
measurement is Curie (01) which is equivalent to the

10activity of 1 g' radium with,3.7 x 10 disintegrations

per second..From this the following conversions can-*
,

, , ',
'be made:'

10'

1 Ci = 3.7 x 10 Eq or
6

1 mci = 37 x 10 3q (,37 g3q)
,

3.2 Dose
.

~

'3.2.1 snergy dose

The effectiveness'of radiation depends on the energy- .

dose, i.e. on the radiation energy imparted to the

-6-
~
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radiated body related to the mass of the radiated '

volume. The unit of measurecent nowadays used is-

, .

the Gray (Gy), one Gy being equivalent to the energy ,

dose corresponding to the energy of 1 Joule per Eg.
.

*

Another unit of measurecent is called Rad (rd) which
'

is subject to the following conversion:.

1 rn = 10-2 J/kg = 10-2 Gy
,

.

3.2.2 Dose eouivalent ,

.

Even with the energy dose being the same ionizing

rays may have varying degrdes of biological effec-

tiveness in' the body tissue. To assess this varying

biological effectiveness for different kinds of

radiation the quality factor (RBW factor.= relative
'

biological effe'ctiveness factor) is used.

The energy doce multiplied by the quality factor
,

gives the dose equivalent which is more recently.

.
indicated in Joule per Kg (must not be indicated in

Gy since this term should exclusively apply to the.

' energy dose). The dose equivalent 1 Joule /kg may
also be expressed by 1 Sievert (Sv). ..

s

In addition to this, the term (rem) is used which

expresses the following relationship:

1 rem = 10-2 J/kg = 10-2 Sv
,

By assessing the energy dose on the basis of the,

quality factor it is possible to compare and add'
radiation quantities of different type and energy.'

,

'

-7-
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The following quality factors apply to.different*

I'types of radiation:*

.

. .

Alpha rays - quality factor = 20

Beta and gamma rays - quality factor = 1

Neutrons, depending on - quality factor = 3 to 10*)
energy

-
.

3) Note:. If the energy is not known invariably use,

C a quality factor of 10 to provide maximumi.
,

safety.-

,

*

..

3.3 Dose rate -
.

,,i,
.

4

'
< ' . .
" '. The unit of measurdment for the intensity of radiation -|i'-

,',,-) is the radiation dose per time unit expressed in dose 3

5k rate.. .

. y:.:
M.

]Dose rate =
,,

. .:. <. .

. ??

[(/'
The dose rate is normally given in hours expressed in

.h4 - mrem /h or (mJ/kg) per hour.
'i;.

[ji The dose rate (D1) generated by an unsealed source
' ? '- at a given distance can readily be calctilated freq'the'

'f. ;. activity (A) provided the dose rate constant'(k) for'.
-

17- the source is known.*

. . ,

. . -

| D1 = A . k'
,,

. .

#
.

.

Y ~8-
.
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.The following dose rate constants apply to the most -

,

-

frequently used isotopes: |i
+i.

i ''
*2~ ~

for Co-60 1.35 ""'
.*501 * i-.n .

;;
.

for Cs-137' O.35 *"[,'.

c,

.-
'

2'-

i' . for Am-241 0.0075 "["*bi,m
-

.

,

.

. ,

* ') .

'(- , 4. Radiation Protection Measures
,

.- s

..

;; If the human body is exposed to radio-active radiation
~

' . ' . chemical and biological processes are set in motion-
,

,

.i - in the body cells which may lead to cell changes,'
'

damage or destruction. In extreme cases, a poor blood..

p{ ' count, skin _ burns, eye or gene damage may be the

. " - results.
':.

.

p To exclude detriments to the human body with a degree+

,

of probability bordering on absolute certainty, the'

,

,' annual maximum dose allowed for different groups of-

,

persons has been agreed internationally. One of the

first and foremost demands is that every unnecessary

exposure to radiation should be avoided and that

'. measures must be taken to minimize exposure in the'
handling of radio-active substances.

.

The radiation protectures to be taken can r lily be

, derived from the formular for the calculation of the
*

radiation dose.--

s ,

1- _9-
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'I The radiation dose (D) depends on the activity of
~

the source (A), its dose rate constant (k) and the''

' distance (a) from the source, the radiat* ion time
*

. .

(T) and the weakening factor (s) of an existing

shield.
i

A. k .TD-.

,

.w 2
.. a s,

_.

Since "A" and "k" are given the above formular

; . involves the following possible radiation protection
- ~

. measures:.

-
s .

,

4
'l a) Increasing the distance (a) to the radiation

,

32 source, i.e. the distance between the source and

the body._Since the dose rate (just as the light)
3

'

follows the square law, doubling the, distance'

*

means reduction in radiation intensity to one'''

-

quarter.

.''
b) Shortening the duration of exuosure (T). The time

as a linear effect, i.e. doubling the period of

: exposure me'ans twice the radiation dose.
/

x <
~(

c) Use of shielding with a high weakening factor.(s).'I '

This_has an exponential dependence on'ithe product
~

-
,

,

fj from-thickness and density of the shielding ,

material. -

j ,

-t
,

' With the help of these measures it is possible to-

'
'a .

prevent operating perso,nnel, under normal operating
# conditions, from~an exposure that exceeds the limits

'. .

> i-

given by the legislator. A careful approach, reducing:)- 5-

the~ exposure times to d minimum and keeping a maximum.

-10- *
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.

possible distance from the source can all help to
'

reduce, in practically all cases, the exposure to

below the film dosemeter recording limit..

.

r

i

S.- Punctions of the Radiation Safety Officer (SV) and m

the Radiation Safety Steward (SB) ,'
.

-According to para 29 of the StrlSchV,-the hold'er of
.

the approval has to be the Radiation Safety Officer.
#

Since he cannot normally perform the radiation .

protection functions himself he has to appoint
'

'

in writing a Radiation Steward and authorize him-

.accordingly. The position of the Radiation Safety

Officer and the Radiation Stewar'd are stipulated in

:( para 30 of the Strahlenschutzverordnung and the

obligations are given in para 31 of the Strahlen-

schutzverordnung.

In addition to the General Radiation Protection

Principles (para 28) the following more important-

obligations apply:
.

r
' k- 15 . 1 No process involving exposure .to radia tion shall. be

carried out prior to the respective approval being
*

given. The prerequisites for such an approval are -

,

stipulated in-para 6 of the Strahlenschutzverord- .
,

nung. As a rule, the factory inspection office and,

in..the Free State of Bavaria, the environmental
,

control office of the land are the authorities

concerned (see enclosure II). Insofar as'the
mining industry is concerned, the respective,-

'

chief mine inspectorate is concerned.
.

G

11--

'

p .
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5.2 The quantity and type of radio-active substances
used must not exceed the scope of the approval.

.

5.3 The requirements specified in the approval must be
- - strictly observed.

5.4 The. installation.or incorporation of the radio-
metric measuring instruments has to be monitored.

,Important note: During the installation make sure
that the work shielding remains#

.

closed to screen the active
radiation bundle. The source must
not be remove'd from its shield.

-

Strictly observe the requirements
specified in the. approval !

*

t'~ 5.5 Where control areas are to be observed these must*

be marked off'and identified.

5.6 The persons working in the plants sections concerned
-

have to be informed and instructed accordingly.
~

:: Main items of information:
' - k

- purpose, set up and function of the equipment
, ,.'./: - dose rates
-

..

;.; - radiation protection areas "

..I' - possible' detriments and their external symptoms%
.,

- prevention of unnecessary radiation exposure, .Pr
#5 5.7 In special cases written instructions are to be-

'
'

issued. These instructions must consider the
specialities of the plant concerned and may, at

-
,

the same time, be used as a basis for informing,.,

''

. and instructing the operating personnel.. . . '

.

'

-12- -
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S. ti5.8 considerations must be given too and mea ures y

4'taken for situations arising from accide: Is or.-

f,.
- .- catastrophes (such as fire, explosion).

,

t'
'.

5.9 Radio-active substances cust be protectei from
,

misappropriation and unauthorized person.. This

applies in particular to radio-active soircesf '

temporarily not in use which must be sto:ed in
f| ' protected rooms or containers.
%

'$ ( 5.10 Radio-active substances no longer requiril'are'-

y ? to be returned to a state disposal for radio-
b active waste or to the supplier (para 47 af the

'
~

h Strahlenschutzverordnung). '
,

, . ,

f.: ,.;
I $*) Enclosnre I includes a list of all obligstions
Y:;,

'

;;,, incumbent on the radiation safety office 2 and
c ' . ' radiation safety steward,as specified in they ....

p ' (:;,-" Strahlenschutzverordnung).
L ..

f $. ;..
. 4 .h

- t ',

t : '.. / 6. Permissible Radiation Doses
b .

.

$. i. '

(.

p. .
- 6.1 Occucationally not exuosed Versons

Persons and, mo're particularly, members c: the,

', plant which are not occupationally exposid.to
-

. .

.. radiation must not exceed an annual dose )f 0.5
rem if they work in a monitoring area adj teent to,

the control area (para 51 as well as enc 1>sures I
and X of the Strahlenschutzverordnung)..

.

..

h: _13
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,

6.2 Occuuationalls.r exuosed uersons in the caterorv 3,

.,4
-

.

. . - - . .

L. Personnel whose annual dose is higher than 0.5 rem '

,

.but less than 1.5 rem rank amongst the occupationally ;
~ '

} exposed persons in category B. The body doses are.to ['
'be recorded but no-medical examination is generally>

,

.; required (para 49).

.

.. .

6.3 Occuuationally exuosed nersons in the category A-

Persons whose annual dose exceeds 1.5 ren must be.,
~

,

classified category A. The maximum permissible.

radiation dose for these persons is 5 rem per annum. ,
,

The personnel doses are to be determined by means

.of officially evaluated dosemeters. A medical

. examination once yearly is essential (paras 49
' and 67).

.

7. Radiation Protection Areas

-

7.1 Barred areas

- ([. . These are areas with a dose rate higher than 300

mrem /h. These areas must be secured so that no body
can enter them unchecked, not even with parts of

the body. Entry is only permitted under specific

conditions and if there is an absolute need for it.

The body doses must be recorded and the personnel
,

do'ses measured (para 57).

Important note: These areas are restricted to the

active radiation bundle. If it i's

possible to reach into the area,.

the area must be guarded accordingly,

etse
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7.2 control areas .

These are areas with dose rates of equivalent to .;
.

.
or larger than 0.75 mrem /h. Control areas mus: be

marked off and provided with a radiation warning

symbol and.the addition " Control Area" (also see
-DIN 25 430). Entry to the control areas is only

allowed for carrying out specific operations. The

,

. body doses must be determined or the personnel doses
measured. The authority concerned may grant exceptions

,

if it can be proved that the whole body dosis will- not
, ,

"

exceed 1.5 mrem / year (para 58).-

Important note: DIN 54 115, sheet 1 point 5. 3. 6
provides that in small areas in which

whole body radiation is practicallyi

impossible, the regulations for con-

trol areas such as marking off and

identification may be dispensed with.

8
-

7.3 Monitoring areas
,

,

The plant monitoring area starts at the control area
I- '

with a dose limit of 1.5 rem per annum where an

individual stayisin the area for 40 hours per weak

(which is . equivalent to a dose rate of 0.75 mrem /h)-
and reaches to a dose rate of 0.5 rem per annum for

a theoretical stay of 8760 hours per annum.. Measures
must be taken to ensure that persons will not be

eNposed to a higher dose than 0.5 rem per annum
considering the actual visits in this area.'

.

.The external plant monitoring area follows the plant
,

monitoring area and ranges to a dose limit of 30 mrem

-
.
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\ .

per annum. Measures must be taken to ensure that
.

persons in the external plant monitorin,g area will.

'

not be exposed to a higher annual dose than-150

mrem /h.

.

8. Physical Radiation Protection Control *

Depending on the prevailing working conditions the

respective authority can specify the manner in which
''

the body dose is to be determined, viz.:'

.

: a) by assessment or calculation.

b) by measuring the local dose or local dose rate. ,

c )- by measuring the personnel dose.

'

If the, authority has not specified the manner in
'

which the body dose is to.be determined, the person ~

nel dose must be measured. For'this, dosemeters are.

to be used and obtained from the land office con-

cerned. The control office evaluates the personnel.
, ,

dose from the dosemeter and informs the indenting

office concerned in writing.*

(..
All results of me,asurements and determinations are

to be recorded'and to be filed for 30 years. They.
.

,

are to be submitted to inspection by the authority- ,

~

concerned.as and when required.o

'

Occupationally exposed persons in the category A
, ,

have to be examined by a competent doctor. This.

examination is to be repeated after the expiry of.:

one_ year. Further employment in the control area
is only permissible after a certificate of non

objection has been granted.,
,

e
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9. 'Further Reculations f}
,

'

.

9.1, Storage and custody
.

Radio-active substances must be stored in protective-
~

* rooms or containers if not in use. Storage must be

such that misappropriation or access by unauthorized--

persons is precluded (para 74).

9.2 Checkine of sealed radio-active substances

Sealed radio-active-substances are checked by.the
.

.

- - manufacturer.for proper sealing prior to delivery.

-They are supplied with a relevant certificate which.

the user .has. to file: and, upon request, submit to

.the respective authority. If it is found that the-'

,

y; sealing of h source is damaged or corroded or, if
so specified in the approval, a new sealing test

.

has to be carried out by an office to be specified

- by the respective authority.

..

9.3 Transmission of radio-active substances'

~ Radio-active substances must only be handed over or
. . .. ('
, ' - 4 i . transmitted to persons which hold an appropriate
.o
.

approval. This'also~ applies to the transmission to
a carrier for. the transport of the source cui public'

.--

roads. The carrier must be in possession of a carry-.
,

h ing approval unless an exemption has been granted
.

.

according to para 9 of the Strahlenschutzverordnung.

9.4 ' Recording and reuorting

The acquisition of radio-active substances must,be'

notified to the authority concerned within one month-

.

17--
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indicating the type and activity involved and-

. , , - inclosing a copy of the sealing certificate. An_s.
inventory has to be submitted at the end of each :

calendar' year (para 78, sections 1 and 3 of the

Strahlenschutzverordnung). Moreover, records must

be kept on the a'cquisition and transmission of

radio-active substances. These records have to.

,
*

remain in the files for 30 years and must be sub-.

mitted to the authority concerned upon request.
.

<,3

;f; ., - g,.; To ensure proper adherence to these instructions*

.,.; 3

~

- radio-active substances must only be purchased by

the radiation cafety steward. ;-

-

-r, 9.5 Misauurouriation of radio-active substances
'

: /- .

' ")
. ,

The misappropriation of radio-active substances is
,_

I.' to be reported at once to 'the supervisory authority -

-[I or the authority concerned with public safety and
.

, ' . order.,

!4
.t.

9.6 Penalt.ies''
.

> . . ,

.i
Violations of the Strahlenschutzverordnung (regula-; .'

' {'-
:?). tions governing radiation protection) are offences

subject to the payment of penalties. The radiation.,

T', safety officer can be personally held responsible
"

.

~

(para 81, section 2.3 of the Strahlenschutzverord--

,

'. ' nung).
'

.
.

.

e a

-
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10. Shieldinz.

'

." Alpha and beta rays have a low capacity of pene-.

tration and can readily be shielded. As has been -

said before * alpha radiation can be shielded by
;

thin paper and beta radiation by a-few millimeters

of metal. ,
,

The shielding effec,t in the case of gamma radiation I
depends, as a'first approximation, on the specific'

weight of the absorber. Calculations are based on
f.

so-called half-value layers. These indicate the *-'

respective thickness of the substance which reduces
*

v
the original radiation dose to halfLits value.,

The following-half-value layers apply for Co-60,*

', Os-137 and Am-241 for the more important shielding
J materials:

,

Material. Half-value Layer for'
-

Co-60 CS-137 Am-2Al
.

t Vater 157 mm 110 mm 40 mm
.

Concrete 68 mm 47 n t 15 mm-

'

(q Steel 20 mm 14 mm 0.8 mm-

Lead 14 mm 9 mm 0.13 mm
Heavy metal 9 mm 6 mm- -

(T)

These figures are mean figures which may vary

depending on the measuring field and source inten-* -

'

sity.

Neutron radiation is shielded by means of hydrogen..

containing products such as water,-paraffin or '

-19-.
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.

polyethylene. The fast neutrons can be retarded ,

.by means of hydrogen down-to thermo energies. The 'f-.

'

thermo neutrons are then shield'ed by thin cadmium [,

sheeting which has a high absorption cross-section
'

'

for thermo neutrons.
,

As an approximate value the half-value layer for
- paraffin is approx. 67 mm.

With the help of the formular given in section 4

(Radiation Protection Measures) a calculation of.

the expected radiation dose may now be carried out,
.

Example: A source with 10 mC1 Co-60 is incorporated-

in a. shielding of 67 mm lead thickness.

Work'has to be carri~ed out at a distance,
~

of 50 cm"for a period of 30 minutes.

.'t-

.. ..

Weakening factor
d 67

< s = 2 Hil5 =2 T4 27.6= .;
: .

..

..

Radiation dose -
-

,.
-

s

A k T ,10 * 1.35 0.5 0.98 rem
'

D ==

2s 0.52 27.6
,

.a .
.

.

.

O

e

S:, _

i*
.

,

-20-
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11. - Rules of Annroach

~

- - From the respective use, the set up of the measuring

equipment, the type and~ enclosure of the source and.

,

the design of the shielding specific rules of approach

can be derived which help to-ensure safe operation

and maintenance.
,

When - drawing up instructions concerning the Imles of--

.

approach, the following situations should be con-
' ! sidered: -

, .

.

- Installation and removal of the plant.(sources must
,

never be removed from their, work shielding).

I, - Measures to be taken where work has to be carried

out in the immediate vicinity of the shielding.

- Measures to make sure that the lock of the shielding

is closed if it should ever be necessary to walk on

the container,.,

-( - Responsibility for the key to open and close the
'

lock on the work shielding. .

.

.

- Measures to be taken in the event of serious .

operational trouble, accidents or fire.

.

Positive measures must be taken to ensure that the

radiation safety steward is informed at once if the

function of the shielding or the capsular of the.

source could be affected in the event of trouble.'
' He must check the situation on the spot and initiate

,J all measures to prevent any unnecessary radiation
I exgosurenof_the oBeratinS_Bersonneln .
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TECHNICAL DOCUMENTS
SUPPORTING AN AFFLICATION FOR PERMISSION

TO HANDIE RADI0 ACTIVE SUBSTANCES

Conesission numbers (please quote) *

Applicants

~

1. Description of the radioactive substance:

1.1 Isotope designation: 4'Am/Be

1.2 Chemical composition: Am 0 -Be23
1.3 Ihysical states in powder ftsw, pressed

1.4 Enclosed or opens enclosed

1.5 Number off and individual off, each 100 mci neutron yield
5activity: 2.5 x 10 n/a

1.6 Manufacturer: Amersham Buchler,
, Braanschweig 2

,,

1.7 Suppliers labor Prof. Dr. Berthold,
Wildbad/Schwarzwald, Germany,

2. Description of the enclosure s -

~
'

he radioactive substance is housed in a double special steel enclosure
which is made leakage-proof by inert-gas welding. For details regarding
the construction of the enclosure see drawing number P 261b100, he
enclosure of the radioactive source is tested for leaks prior to
delivery by the manufacturer or supplier following the guidelines of
the Itysikalisch-Technische Bundesanstalt and a relevant certificate
is issued.

3. Description of the shield

he source is permanently fitted in the probe. Se probe tube includes
a Ib-shield which completely absorbes the 60 kev radiation (see drawing-

number 19166-002). When the probe is not in use (storage and transport)
it is housed in the shield container IB 7407 Z (see drawing number
21121-002). De dose rates at the surface of the shield container are
2 5 nr.emA. ne probe is fitted in such a way that the dose rates et
generally accessible points are as low as 0.75 masmA under operating
conditions.

4. Dose rates:

At a distance of 1 a from the unshielded source
by neutrons: approx. 0.3 mRomA
by gamma rays: approx. 0.25 mRemA

w2-

.. .. - - _ .. - ~ _ , _ _ . , - - . - - _ _ . - .. _- .- , .- . -
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Limit of the control range from
the unshielded sources approx. 90 cm

Neutron dose rates at a distance
of 1 m in the direction of the
protective tube openings approx. 0.3 mrem /h.

,

Limit of the control range from
the neutron source fitted into
the probes approx. 65 cm

.

Neutron dose rates at the face of
the probe at a distgnce of 15 cm
(30 cm polyethylene sphere fitted
on direct): approx. 12 mrem /h

5. Description of the intended handlina process or use

The stationary moisture bunker probe is used for measuring the
moisture or hydrogen content of container contents.

6. Protective equireent and protective measures

. .

.

7 Information regarding' the whereabouts of radioactive sources which
are no lonaer requirede

~

they will be returned to the relevant state collectioh point for
radioactive waste or to the supplier.

Dates

.

knclosures:
Drawing P 2611-100
Drawing 19166-002
Drawing 21121-002
PTB Opinion 6.3-27108 //3

,

.

- - . . - --- . _ - . _ - .-. - _ , , - _ _ _ . _ . - - . .. ._ , , _ - - - . _ - . . - . - - . - .
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- .

'

Meterial der Ur .'iu!!ung
' Stainless Stee (la Cr, 8Hi,lMn) _Nc:seit yo : X.2 ;-

f

! Laboratorturd Pro'. Dr. Berthold -E '''""*"1

4 W6tdbso im Schwarzwa'd

/
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|
.b,' y _
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I"""*"1 '*' I- Arneri: um - Eery:lium - Neutronenquelle 30.e3u.303 mci' ** ka n

2 1 Fe rste.:er : Radicchemical Centre Amerst,sm P 2511 - 10.0 ,

.__



.

J

)

- n e.
!' 'i
i

Ii.

t I' -

- , - ,,

h
,

& h I g
. . . .

t Wi 5.

y w a, .

. t.t ,
- -

u

. .

.A' . |
,I 2;

'A-

.,

I 14IVi E3.
n i4%. . .

t.' ; q .

' |i
_.

|

i- -I h| -

i

i to.

I. .

i e:

| .

!

-
.

-

i'A ri
!I .- F -

'
.

e s

r/
: 1
|> ,

I- i E .j' t c
,

- 7- , .

i !!!-

!

,

t 2

r -. - . - ! .~.e E6. ...i m.. . .

: = r. .e E? " ,'' :: ~| " .'; , .-
, <. .s-- - u usu :< -
m-o;w e. w -erorose u aoot // //f~#02

> .

,n. -.-.--,--..-n , . , . - , ,



V

'

iil
ili#

p\ \.1-

:=%"" ~~ -

.

e

e

R

. .

/
pyyyqw.m a % ;. "

,

[%3
. Ah-

VA 6 F"A !
- h3 hlN

,

#
_ 200 =

o

terEEr?-
,,,,, - - - ,

h p anu de }|w .13$ $[S$*OOS

I



Intter from: Physikalisch-Technische Bundesanstalt
33 Braunschweig
Bundesallee 100

Dated: 9.10.1973

To: Messrs. Amersham Buchler OsbH & Co KG
33 Braunschweig *

Postfach 1120

Reference no.: 6.3 - 27108/73
.

241He r Am/Be - Neutron sources; Statement with regard to section 44~

of the First Radiation Protection Act

Regarding your application Sta/Gao of 12.9.1973

The statement given below refers to the following source types:
.

maximum capsule capsule dimensions
Code no. activity type diameter height wall thickness

300 mci I.2 17.4 num 19 4 m .2 x 0.8 m6 117

" 1 Ci I.3 22.4 m 31.0 m 2x1.2m.AMN 8W 22
.

1. Source construction: he sources produced by the Radiochemical Centre
24IAmersham /Ehgland contain Ar in oxide fom mixed with Be powder.

In sources AMN 11 to 22 the mixture is pressed into tablet fom
while types AMM 116 to 122 are sintered at 1400* C. The latter fom
provides increased safety but reduced neutron emission.

The radioactive substance is enclosed in a double-walled container;
both enclosures consist of stainless steel sealed by argon are welding.

.

1he used capsule types I.2 and I.3 are approved as " sources of specific
fom" under the international agreements for the safe transport of
radioactive substances.

-2-
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2. -

*

2. Conclusions: Prior to handing the sources over to the user the enclosure

should be checked for leaks and adequate decontamination. If the activity
of the removed radioactive substance is below 5 nci, then the source is
to be considered as an enclosed radioactive substance as laid down in
section 2 (2) of the First Radiation Protection Act. *

Provided the sources are not subject to extraordinary mechanical, thermal
or chemical stresses under operation or use, the sturdy construction of,

the enclosure Jr.stifies the period for repeat tests in accordance with
section 44 of the First Radiation Protection Act being extended to three
years. However, an imediate check by an official measuring authority
is to be arranged should a leak be suspected due to damage or other
exessive stresses having occurred.

The invoice for this statement is enclosed.

per procura

(signed) . .

1 enclosure (Prof.Dr.H.M. Weiss),

.

8
e

W
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Technical documents supporting an application for
permission to handle radioactive substances

Cossaission numbert

*Applicantt
L

1. Description of the intended handling process or use of radioactive
substances *-

Attachment for the sulphur analyser for compensating the CAI effect
(manufacturer Imbor Prof. Dr. Berthold)

For details regarding the operation and construction of the measuring
system see the arrangement diagram 15 143.001.

2. Description of the radioactive substanee t

2.1 Isotope designations - Am/Be

2.2 Chemical composition:
Am 0)-Be2

2.3 ihysical states in powder ftru, pressed

2.4 Form of delivery enclosed - *

2 5 Number off s
,

2.6 Activity 100 mci.

neutron yield 2 5 10 n/a,

2.7 Manafacturers he Radiochemical Centre,
Amersham / England

3. Description of the enclosure:

3.1 4'Am/Be source:
Be radioactive material is enclosed in a double-skinned enclosure
of stainless steel (18A Cr, 8A Ni,1% Mn) which is argon-arc welded
(see enclosures dimension sheet P 2611-100).

4. Radiation protectiont.

41 Source location:
Ihe neutron source is permanently fitted in the special-steel
through-flow container (pressure-proof up to 15 metric atmospheres
gauge).

|

-2-
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4 2 Dose rates:

4.2.1 At a distance of 1 m from
the unshielded source '

caused by neutrons: approx. 0.3 mRemA
caused by gapena radiations approx. 0.25 mrem /h

4.2.2 Limit of the control mnge with unshielded sources,

approx. 90 cm

4 2.3 Limit of the contmlnnge with fitted source (without
the oil filling in the through-flow container):
at a distance of approx. 65 cm.

4 2.4 Neutron radiation dose rate at a distance of 1 m in
operating condition (with cd1 tilling in the through-
flow container): approx. 0.1 m Rem /h.
In this case the control range limit is at a distance
of only approx. 35 cm from the source.

Note
. .

'Ihe dose rate values quoted were measured u' sing a wavelength-independent
dose rate meter type TOI/E (for the gamma radiation) and a virtually
energy-independent neutro*n Rom dose rate meter type 13140.

. .

Dates

.

Enclosures 1 prospectus
1 drawing 15143.001
1 dimension sheet P'2611-100
1 drawing 1585.100-021
1 x CRTIFICATE OF AFFROVAL OF DESIGN OF CAPSUIE SFC 8
1 x CETIFICATE OF RADI0 ACTIVE SOURCE INTEGRITY QCS 167

.



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

1

1

I
5

.
. ,,

w'; g i Az-N M5 '.mmwsuhh en s~,...a i.J
: = - - ~ -, - 5, e =-

- q $em4vres==.g,.. - ., , , % t)
. .

*,y}_ t,{x y~

.)e #,, *x
' '

&fih, lO$'|
.

. , : an.

> - . n .e ;

w
. - ,- .

e .-3 %5g:m* a;fres:

, y T 't.is,t,j[# } *( M 3 * g.'
WQ fN0;^UN

$ ' ". 4 G ,

; ,..

. ' w n a. k,.,,,
' ;:

--

t
--

. . , .
;;.: :

(" .
:..-

'

''','"*#
.)* ;*

i r, ~
r' , E l '', . %< ,w,,*g.,

f.e .,|'ty;
*.,s. ,

}w-%ga ~ ./ g.:;
.;

-s% - WM,'

p. .~ , m.m
a- c

's
. ,.

s.

Berthoki.

Continuous Sulphur Analyzer
LB 375
for M neral Oil

.

t

,

t

Accuracy 0.01 % weigM
_ ,

. .

i - . ;g-
.

,

e ,. w, .

s , n ; . ~ m p, .f a + ';*-

_y., g

;c . .
,

,

h .fhfQ&,;W'&||{.'.,

g
,

nne gi , . - g j. I. ''$ ,
I- g

y m.,t , y5; e o,
.

1 { ,,, .8 '/ . 7 G ' + Ni N.N hdIk'.!3M/[
M&n]'$,{$$???kWhh{]{,. 3

, ,i

Y ?
*,9 &., n %Qf .: .:1 . . e y e.: yta .z . m m e n .e ..

.; ) *ns . mddri hu g<pb*n . m6 PTree,n .n. ..
a

- e- SE- ,

4

, h' h n.r.a, +h k , n s..k ', ' Nh.
. ,

e p .

;a..
s~-. ,ib'Q yh -- y .a n,.

. gg .- p

I h,5 f N. k9k ,
~

ph: *fy 7 g,,jikgp 4."![;pf M +*

.. e - v . , ,. .
, ,

' *'

(< ,y
:./ .y pfc, .

' ' . %':... 4 . .-
_'

4 , f; . ( + . ,
..t.rJg.7.n.'<>.,;i'j

r- a

g.+r.(voo ,

,Y,, - , .Q.i .b, ksk-

hMhN_ .I ,,h.h... _ MU$1/!!k_5ja'.

s p y g$$(f &ggm s sg gMan .
g

:

.f?.<g N'i.iQa.,Q:.g,s b Q,.C;&,$w .
'

'
,s

m,. .
,

. ? . e~n y. w .a, e s7.g.. ,, m<. - , o: :.
.) + ;-

. s,?, <t e+;e. , ,,,- ,-- -. , ,

#
.

k* , n ,f*
'

. .r . u t;h~.M , g u '
- % p

m 3 . cn n . . . <-

N M#h. '. ' a .'*

>.,'u :,. a .s, - vLws

ATU?;Ww . . T W.D 3 ' + -* '

4

. . - - - - - - , . , . .,, , . - - . , _ , _ _ . . - . , - . ., _ -- -.-...- .. _,,,,, _.. _ _ _ _ _ _. _ . ,.. _ _ . . , . - - - ,



. . x,.ww - ~~m=_ z

A

Continuous sulphur analyzer
LB 375. . .

Applications Advantages of continuous measurements

The continuous Sulphur Analyzer LB 375 has been
designed for continuously monitoring the sulphur con- No sample extraction and sample preparation, conse-
tent of mineral oils without physical contact with the quently reduced labour costs. ,

Od- Count result unaffected by physical vanables, e. g

The Analyzer LB 375 is used for pressure, temperature, viscosity and flow rate of
product

G checking crude oil supplies, separating oil grades
. in process plants, dunng processing for product high long-term stability

mixing and for final product checking no weanng parts

e for monitoring SO, and SO, emission from oil-fired
power stations by checking the sulphur content of
the fuel oif '

The system LB 375 is capable of determining the
4 $__,concentration cf elements with higher atomic num- 4

bers in a fluid consisting of constituents with lower
atomic numbers (hydrocarbons etc.), for example I
the lead content of petrol. M

L- . . I
m ,

Operation and mechanicallayout C |

A bled-off sample flow of mineral oil' lows upwards 4gy- ,, , ,,
through a measunng arrangement consisting of 3
several counting sections for measunng the sulphur
content, density, hydrogen content and temperature.

.
The sulphur content is established by measuring the
absorption of the radiation emitted by a "'Cm source
(10 mCl. half 4ife = 17 8 y). The density is determined
by an absorption measurement of the gamma radia- |
tion from an SCs source (100 mci 1miflife = 30 y). I I

fThis is camed out in a second counting section whsch '
..

is adapted to the measuring problem and mounted on -

.E
* *< _ - - '

the same equipment frame. Both radiation intensities - ?
are measured by a suitable Nal(TI) scintdlation detec- g"*'''
tor. The od must have the same density and tempera- -

" "
, ,g

ture in both measunng paths. When monitonng hot
oil, the tube Connecting the two od flow counting ves-
sels must therefore be thermally insulated. It is impor- q
tant, however, that a vertical air gap should remain G
between the windows of the od flow counting vessels -

, e'
and the source on the one side and the detector on
the other, so that the resulting air Circulation prevents
temperatures in excess of 60 C at the detector. * *

Where at is necessary to determine the hydrogen
,* content, the oil is passed through an additional mea-
!

sunng cell which houses a fast neutron source
j

(100 mCl AmBe) The slow neutrons, which provide an
indication of the hydrogen concentration. are counted A-
by a lithium glass scintdlation detector. F

_ . .
_ g.,'- -

,y . i

The measunng arrangement can also include a tem- Jperature sensor in a pressure-sealed enclosure. .

Measunng arrangement for continuous sulphur
analysis 3

LABORATORIUMPROF.DR RFRTHOLD D-7547Wddbadt CalmbacherStr.22 P.O.Boxt60 Phone (0708113981 Telex 7:4019

. -. - - .
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. . . . measures the sulphur content of mineral oils

without contact with the oil

The measuring amplifier and how it operates

The individual scintillation detectors are connected to content is indicated on a digital readsut, the hydro-
a e 15 V power supply provided by the TOWER ger, density on an analog edge-type instrument. Two
SUPPLY module. The HV supply for the photomulti. Hl/LO thresholds for sulphur content and density ate
pliers and also control of dnft stabilization (German also included.
patent) of the electronic measunng circuits is per The output consists of 0/4-20 mA current outputs forformed in the housing of the scintillation detector, sulphur content (electrically isolated) and for density

-
The standard count pulses generated by the detectors and hydrogen density (electncally isolated version
are connected through optocouplers to their respec. optional).
tive measunng devices. A special circuit layout ensures
high interference rejection. The measuring amphfiers A further option allows the selection of up to 5 exten-
are assembled from individual function modules on ded sub-ranges of the sample cnntent. This range
European standard printed circuit cards which are extension only affects the current output. The range
plugged into two rnodule chasses (chassis height 3 U). A selection can also be controlled extemally.
Special calculator card is included te provide compensa- A product temperature compensated density output
ton and kneansation of the count results. The sulphur is also available as a separate option.

. .

| Sulphur content measurement LB 375 S |
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| Density measurement LB 375 D | Hydrogen density
I I measurement LB 375 H

{
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Continuous Sulphur Analyzer LB 375

Scintillation ProboeAccuracy

Sulphur content; max. 0.01 % weight, Sulphur Content: Sz 5 S 40/5 with Nai (TI)
crystal and radiation window1% of measunng range made of 2.5 mm berythum

Density: 10.0004 g/cm'
Density: Sz 5 D 140/35 with Nai (TI)

Hydrogen content: 0.0002 g/cm' cristal, radiaton window
made of 3 mm steel

Hydrogen content: Sz 5 H 44/2 with lithium glass
Effects of impurities on S measurement scintillator
Max. change %S Max. change %S Housing: Stainless steel
of fraction of fraction 6 % (Sz 5 m 15 kg)e
100 ppm V 0.026 1000 ppm N 0.0038 Enclosure: EEx dellC T6
100 ppm Fe 0.036 1000 ppm H O 0.0062 to DIN EN 500142

100 ppm Fe,03 0.030 1000 ppm O, 0.0074 En 50018. EN 50019,
100 ppm Na 0 003 1000 ppm SiO, 0.033 PTP No. Ex 80/1007
100 ppm Na0 0.008 1000 ppm Al 0, 0.030 suitable for zone t apphcations2

100 ppm 0 0.011 Ambient temperature: 253 K to 323 K
(-20 C to +50 C)

Technical Data Enclosure: IP 65

Electrical Cable YMHCY - o. z. 7 x15

Danensions: 1925 x 1050x 470 mm connections: max. length: 1000 m
(Waflex CY-o.2. 7x 15)

Matenal: Measuring sectons: special
steel, equipment frame: Supply voltage: + 15 V,0V, - 15 V
steel Permachron, stove
enamelled **" "8#* ''

Product connections: Flange sizes to user
Module cnassis: 2 x 3 U high / 84 U wide

spect'tcat on

Weight: 150 kg (inct scintillation Power supply: 50/60 Hz, + 10% to -15%

probes) .
226 V,i10 V. 24 V

Max. product 473 K,for short penods 523 K Pbwer consumption: approx. 60 VA

temperature: (200" C,250* C) Ambient temperature: 273 K to 323 K
(0 to +50 C)

Max. pressure: 1.5 x 108 Pa, for short penods
2 x 10e Pa (15 bar,20 bar) Outputs

Sulphur content: Old-20 mA
Radiation Sources burden 500 0.lsolated
Sulphur content: 3 7 x 10' Bo (10 mCl) * Cm Density: 0/4-20 mA, burden 500 O.

half-hfe 17.8 y and 0/10 V for compensat on

Density: 37 x 10' Bq (100 mci) '8'Cs Hydrogen density: 0/4-20 mA, burden 500 O,
* ''"*D*"***"

Doserate at 0 05 R/ For sulphur content Ht/LO relays, each with
1 m distance. and density: 1 changeoter contact,

100 n.Ci m Am/BeHydrogen density: max 250 V/2 A, non inductrve
ha'f 4fe 433 y open collector + 30 V,

Doserate at 01 mR/h max. 0.1 A
,

i m distance:g,
Deeplay:

Temperature Sensor

Resistance Pt 100,4 wire network Sulphur content. digital,3 5 digits
'

thermometer: Density and hydrogen analog
{ Flameproof Ex d 3n G5 content: accuracy class t 5

Enclosure:
,

Details required for System Planning: 4. Typical and max. product pressure

1. Anticipated min. and max. sulphur content 5 Frecuent grade changes yes/no
!& Type of connecting flanges'''' j2. Min.and max. product density at normal operating 7. Current output 0 0-20 mA O 4-20 mA

.|
temperature . , g/cm'. . . g/cm>

8, Power supply 0 220 V O tto V O 24 V
3. Typical and max. product temperature s50/60 Hz

LABORATORIUMPROF.DR.BCRTHOLD 0 7547Wildbadt CalmbacherStr 22 P.O Box 160 Phone (07081)39et *Teles 724019
i ..... ,,:,',: . ,._,,,,.. _ . _ _ _ .. . ..,w # -
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GRTIFICATE OF APNtOVAL OF DESIGN OF CAPSULE

FOR RADIOACTIVE MATERIAL,

.

r i TITLE Neutron Source Cap: male X2. .

Drawuq Nos. amWat Etc .10123/S Issue AW 3L Etc10124/3 Issue A,

*
- Radioactin Material See over

Maximum Activity See over

.

. . .
This is to certify that the Secretary of State for the Environment being, for the purposes ef the Regulations

(_?~ of the International Atorruc Energy Agency,the competent authonty of Crest Britain in respect ofinland surfmm
trPDSport and the$Ccretary of State for Trade and Industry being the competent authonty of the United Kingdom

#
of Great Britain and Northern inland in respect of sea and air transport, have approved t!e above<nentioned

Capsule Dessen. Radioactive matmst sealed in capsules manufactured to the abow-mentioned desipi qualifes

as special form radioactm material and as such will meet the requirements of the regulations overleaf.

Ng"gr}ifieste of Approval apphes only to the design of the capsule as set out in the abIm named drawing ard
*II= E )QQ2.MI.E 39 : 41 dated 30 september 1969l--

=d-manHrr Md.J.R B.ttcher!Jr letter dated.19.J!'ebatary 1976 suwsted by
The Rt.diochanical Centre k

THIS CERTIFICATE CANCED AfL hSUES
*

* (X5fPETENT AlfmORITY * *

*

IDENTIFICATION MARK : *

CB: SFU 8

E9. '

DUTED E.* EON C0!2ffENT-

88I88!11f C2 IIIItARSPIII
'

-4 MAR 1976 -
--

OF RAD'CACTIVE E.J.Mson fDr)..

MATERIALS
Transport RadWeal r on behdf of the-

Secutary of State for the Environment and the
Secutary of State for Trade =d*=d==rr

De of Approval
. .

Note: Any questions slating to this Certificate thuuld be made to the Radiological Adviser at the foDowing
Edens:-

.

Department of the Environment.

2, Marsham Street,*

,ww London S' 1P 3EB.4,

Telegrams. hW
,

* Teles:- Answer back DOENLONDON,

Telephone:-EERIEIMCOEXIE! ggt
01 212 - 7247 |

-
.

. . ' -.

.

|
|
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REGUL ATIONS GOVERNING Tile TR ANSPORT OF RklHO ACIIVE %I ATERI ALS

INTERNATTNAL- laternational Atomic Energy Agency (l.A.E.A.) Safety Senes No.6. Resuletions1.

for the Safe Iransport of Radsoactive Materuts.19o7 Edauon. ar.d 197) Revised Edition.

Internovernmental Maritime Consultasae Orennisation (I.nf C.O.)International Mantirne
Dangerous Goods Cods-Oass 7. Radicactm Substances. '

International Air Transport Associerion fl.A.T.A.) I.A.T.A. Regulations relating to the
carrange of restncted ainauss by air.

* *

2. ROAD.- Greet Britain only. Radioactive Substances Act 1948 [Section $C)]-The Radioactm
Substances 0.arriap by Road)(Great Britain) Regulations IG SJ. JSCG: Code of Practace
for the Carriage of Radioactive Faterials by Road. ISA 1735
Europe only. European Assee.nent Concerning the International Carriage of Dangerous Goods
by Road (AURI. Class IVb

r.3. RAIL.- Crest Britain oniv. British Rail 1.ist of Dancerous Goods and Conditions of Acceptance for
..

carnage by Freight Train arid by Passenget Tram,.[UR224M (Revised) November leM] Class 7

Europe only. Interr.ational Convention concerning the carriage of Goods by Pail (CIM).

Annex 1. Regulations concerning the substances and articles not to be accepted for camage or
to be accepted subject ta certain conditions (RID). Class IVb.

t

4. SEA.- Merchant Shippmg (3afety Convention) Act 1939 (Section 231 and Merchant Shippmg
(Dangerous Goods) Rules 1%5 as amended by S.I.1968 :No. 322. The Report of the Standes
Advisosy Commattee on;the Carriage of Dangerous Goods in Ships 19%(the " Blue Book")
Class 7

.

* Pedionetivo ".aterial * Maricnam Activity

Americium - 241 2 Ci.

.

P.adium - 226 ,. 50 sci !, ,

TThorita - 228 - .10 Ci

Actinium - 227 50 aCi
, -

Promethina - 147 '500di '

!
; *

Qarium ~ ~

l $0 Ci
| Plutamina - 238 7 5 Ci;

,

I

*
t

*

i

l .

t

. *
7

{

| . .

(
,

|

|
|
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The Radiochemical Centre Amersham

.%._ .
,

CERTIFICATE OF RADI) ACTIVE SOURCE INTEGRITY
~

QCS 167 i

,

.

SPECIFICATION :- Cap:ule Type X2 Neutron Source *

DWNG NO. BRC 10124/S

NUCLIDE. RADIO TOXICITT GP.,:- Americium-241, Group A.

*

MAXIMUM ACTIVITY :- 3OOmCi

CLASSIFICATION DESIGNA rlON :- C/6/4/5/4/4

TEST SOURCES :-
1 x SuCi Cae::ium-137 * He 1 x 30uC1 Caesium-137 + Ne

,(~
assembled as shown on drawirgnumber BRC 10:23/S

,

TEST | TEMPERATURE \ PRESSURE | |MPACT VIBRATION PUNCTURE

1

.

. .

2 *

3

*

PASS ' PASS PASS
*

4 0.07 0.06 0.03
0.02 0.03 0.03

.
PASS

f' 5 0 08
0.02

PASS

6 0.06
*

0.02

.

TEST CARRIED OUT IN ACCORDANCE WITH RECOMMENDATION OF:- BRITISH STANDARD 5288
AND' DRAFT IhTERNATIONAL STAPEARD I.S.O. 2919

LEAL * TEST:- IN CtSICN AND WIPE

ADDITION AL INFORMATION:- TIGURES IN TABIZ DDCTE ACTIVITY (rC1)'

EAStJRED IN LIQUID AITER IMMERSION TEST

A hsk... .- b Sk%/-g'"f 7Quality Contr# Date Ra6ation Sources Deportensat

The Red.ochem. col regeseered oince. telephoner cobiosa seises
Cenere Led whne Lion moed pest Cholfone Activier 831d1

Amerskom (02A 04) Amershem
remise red f aelend 8vcL6 ache m Mee 4444e

.--. .-
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Am-241 Area Source

Technical Data Sheet Relating to Application for Permission

to Use Radioactive Substances
.

Order No.:

Applicant:-

1. Description of radioactive substance:

1.1 Radioactive substance: Am 241

1.2 Chemical state: Am 023
1.3 Physical consistency: compacted powder

1.4 Types fully enclosed type

1.5 Quantity and individual activity: units,1 100 mci each

The Radiochemical1.6 Manufacturer -

Centre, Amersham, GB
,

1.7 Supplier Berthold, Wildbad

2. Description of Containment

All details concerning the construction of the containment

are indicated on the enclosed drawing P 2642-100. The con-

tainment has been tested by the manufacturer for surface

contamination and leaks. A test certificate to this effect
,

will be , supplied to the user on delivery.

3. Description of Shielding:

*

The source is permanently installed in a measuring unit

as shown on drawing no. 15113.002.

4. Dose rate:

The dose rate at the surface of the measuring unit is

1 Cy1 mrem /h.

.



,

.

'
5. Description of intended use:

The measuring system is intended for continuous density

meausrements.
.

6. Instructions for disposal of surplus or decayed

radioactive sources:
.

To be returned to the nearest public radioactive waste

disposal centre or to the manufacturer.

7. A PTB Test Certificate No. 6.32-R33 for the system

which confirms compliance with the type approval requirements I

in the Federal Republic of Germany is enclosed.

Date:
. .

.

!

| -

I

I-
.

.

.

|

| Enclosures:

i 1 drawing - varies with individual order

,

1 drawing 15113.002

l 1 Test Certificate no. 6.32-R33 (with English translation)
!

*
?
?

!

|

-- , .--
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2nd Copy

Physikalisch Technische Bundesanstalt

Test Certificate
,

No. 6.32 - R 33

Object: Density Measuring Unit,

Type: LB 379

Serial No. 1093.10.77

Manufacturer and ' Laboratorium Prof. Dr. Berthold
Applicant P.O. Box 160, 7547 Wildbad 1, Germany

Construction drawing: 15113.100-000 dated 20/9/1977 and
15113.00i dated 4/7/1977

Intended purpose: Density measurement of liquids

.

Radioactive substance:* Americium - 241

Activity:* 100 mci
.

Code No.: AMC. 16
.

Type of containment: X 91 *

Engraved marking: TRC 0692 LA

Construction drawing: P2642-100 dated 16/6/1971,

Manufacturer Radiochemical Centre, Amersham

Buckinghamshire, England

*) according to manufacturer's information

a

>

4 .- - --
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Characteristic Features of Device:*)

The density measuring unit consists of a flarged special
steel tube (length 250 mm, outside diameter 74 mm, wall thickness
3 mm), the wall thickness in the centre section having been
machined down to 1 mm over a length of approx. 30 mm. This *

area is irradiated at a right angle by the collimated effective

radiation beam of an americium 241 source which is located out-
side the tube. .The special steel tube is installed in a--

cylindrical special steel housing (diameter 133 mm, height
140 mm, wall thickness 3 mm) level with the centreline of the

housing so that their respective axes intersect at right angles. One

side of this housing holds the source complete with collimator,

mount and shielding. The opposite side is provided with a flange-
mounted scintillation detector which detects the radiation and
also acts as a radiation trap.

Further details are indicated in the documents submitted to the
Physikalisch-Technische Bundesanstalt. . . .

The construction of the device described above has been examined
in accordance with Section 22 of the Regulations concerning protect-
ion against damage by ionizing radiation ' Radiation Protection

Regulations - StrlSchv) of 13/10/1976 (Federal Gazette I, p.2905).

Test Results:
)

1. The radioactive substances installed in the device are fully

contained and protected against inadvertent contact.

2. The activity of the installed radioactive substances is
6~

less than 10 times the exemption Ibnit of Appendix IV,

Table IV 1, Column 4.

3. The local dose rate at a distance of 0.1 m from the exposed
surface of the device is less than 1 millirem per hour

(10 microjoule per kilogram and hour).

* accordipg to manufacturer's information

.

N

-
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Conclusions

f

The requirements for Type Approval in accordance with Appendix XIII -<

~'

Section 1 of the Radiation Protection Regulations have been complied
with.

.

Braunschweig, 23rd April 1978

Physikalisch-Technische Bundesanstalt-

Department 6

by Order

(seal) (signature)

(Dr. U.' Lauterbach).
Oberregierungsrat

. .

O

e

s.

f

- !
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2nd Copy

Physikalisch-Technische Bundesanstalt
.

Supplemen) tote'stCertificate-

No. 6.32 - R 33
*

The housing of the density measuring unit is covered with a
metal plate on the side where the source is installed. The
round cord ring previously located between the housing and
the metal plate has been replaced by a sealing gasket. The
details are indicated on construction drawing No. 15113.001/1
of 4/7/77, revision A dated 29/8/78,.

The modified density measuring unit also complies with the
requirements for Type Approval in accordance with Appendix XIII
Section 1 of the Radiation Prot'ection Regulations,. ,

.

Braunschweig, 12th October 1978

Physikalisch-Technische Bundesanstalt-

Department 6

by Order
,,

signature

(Dr. U. Lauterbach)
Oberregierungsrat

Seal
.

f

0

_ _ _ _ - _ _ - - - -
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2nd Copy
,

Physiktalisch Technische Bundesanstalt

Supplement to TEST CERTIFICATE No. 6.32 - R 33
.

Object: Density Measuring Unit,

Type: LB 379
.:..

Manufacturer and Laboratorium Prof. Dr. Berthold
Applicant: P.O. Box 160, 7447 Wildbad 1, Germany

Construction drawing: 15113.100-000 dated 20/9/1977 and
15113.001 dated 4/7/1977

Intended purpose: Density measurement of liquids

Radioactive substance: Americium - 241
. .

.

Activity: 100 mci

Code No.: AMC. 16
.

Type of containment: X 91

L Construction drawing: ~ P2642-LOO dated 16/6/1971

Manufacturer: Radiochemical Centre, Amersham

Buckinghamshire, England

.

The Density Measuring unit LB 379 can alternatively be supplied

.with one of the americium 241 sources listed below:

AMC 65 enclosed type X 11 (30 mci) The Radiochemical Centre

Amersham, England
AME-2-B* (100 mci) CEA, France

AML-1-B* ( 30 mci) CEA, France

*) According to manufacturer's information

-- -. , - . , .. .
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Details are indicated on the construction drawings No. 15113.001/1
revision b of 24/11/1978 and 15113.100-007 revision b of 24/11/1978

* and in the documents submitted to the Physikalisch-Technische Bundes-
anstalt.

.

The requirements for Type Approval in accordance with Appendix XIII
Section 1 of the Radiation Protection Regulations are also complied ~

.. with when one of the above sources is installed into the', density
measuring unit.

It is recommended immediateli to repeat the leakage test in the

. event of.any damage, especially in the event of any cracks in

}
that part of the tube wall which has been machined down to j
a wall thickness of 1 mm.

o

Note:

The original of this Test Certific. ate has been forwarded to

the Approving Authority -

Ministry of Labour, Health and Social Security

P.O. 1250, 7000 Stuttgart 1
,

where the application for approval should be submitted.

) Braunschweig, 24th January 1979 Physikalisch-TechnischeBundesansteb
Department 6

by Order
r

,

(signature)-

Dr. W. Kolb

seal

.
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