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The',m 2rces will be tran2psrted to C /Prudhro B:y field ins

n:rthern Alaska by a nominee of SAPC, but under the supervision of the
licensee, and stored in SAPC facilities at Prudhoe Bay. On arrival at
Prudhoe Bay the sources and density transmitters will be used for a
period of 4 weeks to measure the density of oil and gas mixtures in the
24 inch pipelines at Prudhoe Bay operated by SAPC.

On completion of this test work the sources will be shipped
back to Anchorage by the nominee and from there back to England. The
sources are scheduled to be in the USA for a maximum period of six weeks
(allow 8 weeks for unforeseen delays in the work).

7. Individuals Resoonsible For Radiation Safety Procram

Their Trainine And Exoerience

The following individuals will be jointly responsible for the
radiation safety program during the proposed tests at Prudhoe Bay:-,

Trevor J. Hill
Derek Brister
Philip P. Sugarman

Each of the above named has attended and completed the course
titled ' RADIOLOGICAL HEALTH AND SAFETY A Course For Radiation
Protection Supervisors' given by staff of

The UK National Radiological Protection Board
Harwell
Didcot
Oxfordshire OX11 ORQ Telephone England 023 283 600

Contact Mr Brian Marsh

The subject material covered during this course is listed in
Attachment 5. It was attended by the above named during October 22 26,
1984, when it was held at the Suffolk College of Higher and Further
Education, Ipswich, Suffolk, England.

The above named have been responsible for the use, and safety,
of the devices specified in this application during test work undertaken
at UK oilfields both on land and offshore.

8. Trainine Provided To Other Users

The three people named above as those responsible for the
radiation safety program will be the only staff who will use thn density
transmitters whilst they are in the USA. In addition they will be the
only staff allowed inside the controlled area around each source.

9. Facilities and Ecutomtnt

The density gauges will be clamped to the outside of the 24
inch diameter crude oil pipelines in the Prudhoe Bay oilfield of Alaska.
They will be powered by portable generator, and the measurements -

recorded on computer. The computing equipment will be located in a
vehicle parked no more than 100 metres from the density gauges. The

i gauges will at all times be visible from the vehicic, in which the
licensee's staff will be situated.

9
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ThMudhro B y oilficid is not ccewabic by th9 genarol
public. SAPC staff working in the oilfield will be warned by notice and
radio announcement of the use of the density transmitters. Access to
the immediate vicinity of the gauges will be restricted to the staff of
the licensee named earlier. Barriers and warning signs will be erected

around the sources at 1 metre distance (radiation level <0.25 mrem /hr).

When not in use the sources will be locked in the transport
vehicle. In the times preceding and following the tests, whilst
awaiting transport, the gauges will be locked in the facility set aside
at Prudhoe Bay for storage of radioactive sources. Storage in Anchorage
whilst awaiting transport back to the UK will be in the locked
facilities of the SAPC nominated transporting agent.

10. Radiation Safety Program

10.1 Personnel Monitoring Equipment

The staff using the density transmitter are already issued
with film badges that are monitored once per calendar month by the UK
National Radiological Protection Board. It is not anticipated that

these staff will receive in excess of 0.3 Rem / calendar month.

10.2 Radiation Detection Instruments

During tests using the density transmitters a Berthold LB 133
portable radiatien intensity meter is available to make surveys and set
the position of the barriers.

10.3 Leak Testing

Each of the three sources will be leak tested in the UK by the
National Radiological Protection Board, with the address previously
specified (contact Mr Wiltshire), on July 14th, prior to shipment of the
sources to the USA. As the sources will not be in the USA for more than i

'

eight weeks a further leak test should not be required whilst in the
USA.

I

10.4 Maintenance

Maintenance, and relocation of the gauges on different pipes
in the Prudhoe Bay field, will only be undertaken with the sourceholder
locked shut. There will be no removal of any of the sources from the
sourceholders at any stage whilst in the USA,

i

10.5 Transportation of Devices to Field Locations

As stated earlier the sources and sourceholders will arrive in
the USA from the UK at Anchorage, Alaska. They will be packaged to IATA
standards. For their shipment from Anchorage to Prudhoe Bay a suitable
transporting agent is to be nominated by SAPC. This company will
transport the sources according to the requirements of the US Department
of Transportation for such sources.

1
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10.6 Operctin _;nd Emerg ncy Procedures

Each person using the density transmitters will be issued with ;

a copy of the operating and emergency procedures related to radiation
safety. In addition the management of the Prudhoe Bay oilfield will be
provided with written instructions to be communicated to their staff
regarding the observation of signs and barriers placed around the
radioactive sources.

The operating and emergency procedures will include details on
the following topics:-

Personal Safety - use of film badges, and reporting of film badge
readings.

Site Safety use of radiation survey meter to position signs and
barriers, and instructions to be given to site
staff.

Use of Device - operating instructions for the transmitters as issued
by the manufacturers.

Source Location viewing procedure for sources when in use, and
storage procedures when not in use.

Sourcs Transport procedures for on site transportation of sources.
Leak Testing records of leak tests, and procedures for updating.
Emergencies - procedures covering road accident, fire in storage

facilities, loss of source, and will include a list
of those to be notified in the USA and the UK.

11. Vaste Management

At the conclusion of the test period the three radioactive
sources will be returned to the BP Research Centre in the UK. Should
these sources subsequently require disposal this would be undertakan
through the National Disposal Service which is located at:

The United Kingdom Atomic Energy Authority
Industrial Chemistry Croup
. Building 175
AERE, Harwell
Didcot
Oxfordshire
England

,

.
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RTTRC HMENT i.
' Ccacium-137 Q g-

Gamma sources

Sources contain the radonuckde as a peret of Caesum ceramc. '* ~ " ,**r " '*~ " * * * *~ r - *

Encapsutaton is in welced stairuess steel. ,' X.2016 ., .

e - s t .-.
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5 144 CDC11604
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>

50 144 CDC 2160) Safety performance testing
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,

iNominal Nommel Double
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! e
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,
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g |
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Quality Control
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Bubble test D
knmersion test M *

Calibrated sources see page 24
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Ov.a' ty contred of rac aton sources can be c'v ced .nto four man Krypton emanation test P
pais: Tne source s bec uncer recuced pressure for 24 hours. The

Contents of tne ChamCer e anaysed fce Krypton by scettaton1. Checks made routinely during production
countog The test e repeatec a'ter at least 7 cays. Acceptance

Quality Assurance brnt 01pC (3 7kBc.
Ra* aton sources a e manufactured n accorcancewth a stnct
ouaaty assurance programme, cetads of wtsch can te obta:ned 2. Special safety performanc e tests on protatypes
on request,

A rad.aton source must provde hghest poss.bte otegnry
Te sting f or leakage and contamination together mtn moimum attenuaton of tne recured rac.aton by
Stregent tests foneasage a e an essente! feature of raccactive the encaosulaton mater.a!s. A comprornse must semetime5 te

,

sources proeveton. The metnces a sootec cepend on the mace, partcuta ty for xcha, beta ar d low energy photon
desgn and ntenced ephCaton of the source, and a'so on sources. However, sa'ety must &Nvays be the pnme
statutory reqvvements. %5e'e necessa y,lesis can be specCy Consceraton,
rrod. fed to meet pa qcutar recuirements. '

Standarcs for the testng of sea ed raccactrve sources have
The stancard metnoes useo for testog rad.aton sources a e been spectfed by the Ent.sh Stancarcs Instrivton n BS.5288,
ksted tecw.The Dancutar tests used for each tyce of source 1976.
are gven uncer tne aporopr. ate procuct entry. TNs c' ass.fcaton system s mecened on UnA stancard USASI.

Wipe test A N5.10 wnch a so gves a numter of comparase lea < test
The source e mped utn a swab or tssue, motstened uth methccs.
metnand or water, the actmty removed s measurec.
Acceptanee tmt 0 005uCit0-16kBc). BS 52S8 e n agreement utn the followng stancarcs produced

(TNs test conforms to BS.52SE Ap0 0.2.1). by tne intematona' Organtzaton for S.ancaro::aton (ISO):

ISO.1677 ' Sea:ed raccactrve sources - Genera!'
Mnawaww smu4asskamT s rce e moed uth a swat or tssue, mo.stenec wth

methanoi or water the actvty remov ed is measurec. ISOTecpamcorma'ed radoactw sources Meak test
metnocs (tSO/TR 4B26-19792)).Acceptance hent:0 05pO(16kBt.

Bubble test D 3. Measurements
The source is mme sed n water or a suitabie bouc and the

Each source or batch of sources is checked to ensure that thepressure reduceo to 100mm of mercury (13 spat strengins of the sources supp'ec are utNn the Imts spec: fed.
No outbes must be observec. Wherever poss@e the resutts of these checks are oc.catec on
(TNs test conf orms tc BS.52S&' App. O 3.1. and it has been ,

the test report.The methccs of specepg the strengins of
cemonstrated ta.at this test s surtate for sources uth f ree
vedumesgreatertnan1Cmm9Ame snamlntematonal sources are d scussed under the head ng specircaton on page

$5 and ce'a4 are nesvoed n the eproonate sectons of this
Techncal Report No. 81).

ca'a;ogue,
immersion test L
The source s mme sed n water or otne' svace houc at 50*C 4. Tost reports
for4 h oc N c y n the loud measurec. Acceptance A test report is supptec wth each soure( or baten of sources.

(rNs test conforms to BS 52S&#p. D.2.3.). We app oonate a facAng nWm s gwa
Proovet coce

immersion test M P ocuct cescr.pton
The source e rnmersed n water wnch :s ra see to 100*C and Caosu'e tyce
he c at that temperature for 10 mn. The wate is tnen removed, ISOctassfcaton
the source eco;ec and nnsed usog fresn water. These Speca' form ce t.fcate
coeratons are receated rece. toe; n the wate* from the Measurement check
prevous rnsing oceraton. If the actvfy cetectec in au the houd Leakage check
conected s less than 0 005po (0-18kCLW the source s Contaminaton check
Conscerec to te leax. free.
(The test conforms to BS.52 B&'Apo. O.2.4.)

Hefium leak test H
A mass spectrometer s used to cetect behum leamage f rom
sources bek,Jm f. red onor to weco
Acceptance bent 10-'meari s.-'

g.

(TNs test exceecs tne reouvement of BS.52S&%p. 0 3 4)

Helium pressurisation test S
A mass spectrcmeter s used 1o cetect herium leakage from
sources prevoush pressunsed n bebum a*ter encaosulaton.
Acceptarce hrnt 10-' mbar 's* ' f or non leacnab'e solc n.eerts
and 10*' mbar I s-' for a10the s, (The test exceecs the
reouvement of BS 52B&'Apo. D.3.5).

Radon emanation test K
The source s mrrersec o a suuton of phosonor o an erganic
bevo uncer vacuum, the leawage of racon s measured by touc
sc:ntra90n countog.
(DW)GHT, D.J. Racocre nca' Centre Repoq R176).
The acceptance Imt corresponcs to about 5 x 10-" O per 24
hours (2Ba per 24 hourst
Ths test exceecs the reev rement of BS $2E&' App. D.2 6).
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Tochnicalinformation
Specification-St units Calibration
The strength of a racaton source may be specfied either by its Some of the sources listed in this catalogue can be accurateby
racaton output or by statog the radcactMfy of its contents. For cabbrated.
most appicatons the user is fr.anly interested in the source's
racation output, and requires si dormaton about Content only for Cert 2fcates of measurement Quote the results of Calibraton in
licens:ng orCommercialreasons. ex osure rate at a specfiedcstance,

For many sources the racaton output is not seply related to
the actury centen' because factors sucn as sed aosorpton, and Calibration aecuracy
attentuaton by the capsule cause a non-isotrepc output
distnbuton. For this reason we a' ways rneacure the racaton The accuracy of r easurement of the calibrated sources is
output in a grven drecton, usog the most appropnate method exoressed as the overall uncertainty in the measurement of the
and do not retv on an estimate of the amount of raccactrve source.
matenalin tIse source.

The overa!! uncertainty is an estimate of the poss.ble drvergence
A real source emits anisotropca!!y, soit is necessary to speedy of the Quoted result from the (unknown) true value. assessec
the crecten in whch a measurement has been made, as well as accordng to the recommencatons in ICRU Report 12
the estance from the source. The estance is normally taken (Certifcaton of Standardized Radcactive Sources).
from the centre of the source and the cirecten ts norma:!y racal
for cytodncal sources ar c axial for esc sources. The overa!! uncertainty is defned as 1(tSe + 5) where S, is t5

standard error of the rnean result of the measurement and 1(the
The relatonsNp between equiva'ent actvty and exposure rate Student 't'statistc)is chosen so that there is s'least a 99 7%
is cfferent for each racce vclide, depencog on the type and probability that the true result lies within a range : tSm about the
Quantity of radiaton erruttN'in 69Ch nucear transformaton. mean result.

"* ' accepted va'ves for the ' cst commonly used high energy 25 are the limits of the estimated maximum uncertainty
unma-errutting nuclides art pven in the table be40w. attnbutable to systematc uncertantes in the measurement.

In the Si system, source strengt 11 may be expressed in terms of Fufler information about the speofcaten of accuracy will be
air kerma mie at 1 metre' in gray oer hour. supp5ed on request.

This changeover will not however be made until there is a
complete change to S'uruts.

The equrvaience b3 tween the old units arid the new is shown
below.

Nuclide Equrvaientactivity Esposure rate Air kerma rate (d)'
at 1 enetre in air at 1 metre (approx.)

'8'Cs 10 0 33 % 2 imGy/h
JSCO 10 1M 11rnGy/h

Where the source strengths are expressed in content actNity,
the cune values are given first with the becoverei va'ves Quoted
alongsce. In cases where the sources strengths are expressed
in terms of equiva'ent actmty.,the cune va'ves are grven f.rst with
the air kerma rate at 1 metre (K)* Quoted a;ongside.

The output of sources is sometmes expressed in terms of
p' ons per second per steradan where this is accropnate for
t?w app 6Caten.

*Expostse ra:e and aperma rate are fue ce' rec e cAu Recon No. 33.r

The following Si units have been recommended by ICRU for
raccactmtyand absortxe dose.

Phys ul sJ urut Traditional RetetionsNp
caantity urwt

Rewy tecquerei cme 10 = 3 7 x 10'*Bo
(Bq) (C,) 189 - 2 70 x 10-"O

Absorted grey raa i rao = oc1Gy
dose foy) Gv = 100 rad '

1 Bq = 1 nuc! ear transformaton per second

Conversion factors:
1kCi = 3 7 x 10'3Ba = 37 terabecoverefs(TBq)
1Cl = 3 7 x 10' Bq = 37ggabecquereis(GBo)
1 mci = 3 7 x 10 Ba = 37 megabecquerets(MBq)7

1pCi = 3 7 x 10'8q = 37 kilot*:overets (kBq)
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SJurce safety

ISO classification special safety portormance tests on protarypes
A radiaton source must provide highest pospole integ .ty

eTheintematenalOrganeatonfor tandardeaton(ISO)has togetner with mirumum attenuaton of tne reovired rao.aton by
produced a system of classfcaton of sealed racficactrve the encapsulation matenals.

es based on safety requirements for typcal uses (see However. safety must a! ways be the p ce consteraton.

Stardards for the testog of sea:ed raccac e sources have"Thrs system provides a manufacturer of sea!ed radioactue
sources wrth a set of tests to evaluate the safety of his products h28 19 6'under working conditons. it also ass:sts a user of such sea!ed
sources to setect types whch suit the applicaten he has in This efassication system is modened on USA standard USASI
mind. espec:aty where protecton aganst the reieaso of N5.10 whch also gues a number of comparable leak test
radcactre matenalis emcerned". methods.

~

The suitabety and safety of a source wdl depend on the intended BS.5288 is in agreement with the followog standaros produced
appfcaton and environment of use of when there is a wide by the intematona! Organeaton for Standarcaaton OSO):
range it is the customer's respons.bdity to ensure ' nat the ISO.1677 ' Sealed radcacsve sources - General'

'

source and rts spec (caton are suitable and safe for hts ISO.2919 ' Sea!ed radcactNe sources - C:assfcaton'
partcular aoohcaton and environment of use. This aophes ISO Techncal Report ' Sealed radcactue sources -leak te:t
cspecially to non standard or custom made dessns as well as methods'0SO/TR A826- 1979(E))
standard products. The informaton on these pages ic desgned
tohe!p the customerin his evabaton. Amersham intematonalhas faciLtes devoted solely to the

teWWW mmm MSO mer
The tests to which prototype sources are subjected are 'isted in recommendatons.
D'

The test data given in this catalogue are the latest availab;e at
E. i test can be soplied in severa' degrees of seventy. Test time of preparation,
r sr xcressed as a five figure code to odicate the

There is a contnuous programme of product improvement and
testog and deta11s of the current status of partcutar sources will

The ;e fqures sre oreceded by the letter C or E to show whether be supphed on request.
the source actvityis less than er greater than certa n limits.
These lirruts cepend upon the toxcty, so'.ibibty and reactuity of
tne actrvecomponent of the source.
C indicates that the activity level of the source does not exceed
the presenbeolirrut and

E that thelimrtis exceeded.

Tcble 1.Classrf.caton of sealed sore: performance standards

Te t Class
1 2 3 4 6 8

T;mperature No test -40"C QO rnn) - 40'C QO mrg -40'C QO mrg -4ncomr4 -40'C Q0 tnn)
+ 80'C(IN + 180'C(1N + 400'C(1 N + o00'C(1 N + 800'C(1 N

and trermai stock a d therfra shock and trwmai shocx
400"C to 20'C 8&C to 20'C 800'C to 20'C

f.xtemal West 25xPa a0soue to 25kPa escue to 2fAPa acsolute to 25kPa acsous to 25kPa a0sous topreasure atmosahenc oressure 2MPa acsous 7MPa aescue 70MPa aosous 170MPs acsoivte

irr. . 41 Nu test 50g frem im 200g from 1m 2kg' crn im Skg tr:rn im 2ckg frem sm

veratione No test 30rrei . ;cman 90rren
25Hz to SCohr at 25Hz to SCHz st 4. 25N2 to80Hz at
S.geax astuce cean amcetuoa ard 1 Smmamtuce

50Hz to 90Hz at geak to ceax and
4635mm ar ontu3e 80Hz to 2o00Hz
reakto pean are at 2Q.
90Hz to Sht
at 1@.

~

Puncture No test Ig from im tog frca 1m 50g vom im 30Cg frem im 1kg trem 1m

Notes toWJo 1

1 cetadsof tretestrgcroceduresaregr.enhISo2919andBs $28E Aturther
tsass X can te used weere a scecun test pro.edure has teen m3cotec. ,

2 Extematpressuee
1DPa = 1 a:moschere (aporcarr.m

3 h9ectteet
h solice. Cosaioned on a steeland es stru:) tPr a steef hamtrasrof the
#DQured awyit. tre harrrrer has a flat sinNng soslace. 25mm aame:er. wth
N edges FCEE13ed-

4 Puncturetest
N sotice. ocotoned on a haroeneo steco ws struck trr heroeneo cin.a
6nvn bng. 3m oameter, utn remsonencar arc fuso to a hemer of the
rmr.s .wt

-
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Ocurso cofaty

Performance requirements for
typical uses

Mnimum p'_;iormance requirements are also given in ISO.2919
for the use of seasd rad aton sources (see table 2 below).

These recommendations take into account normal usage and
reasonable accdental nsks, but do not netude exposure to the
nsk of fire,exploson orcorroson.

Table z. Sealed source performance requirements.

Sealed source use sealed source test and class
Temperature Pressure impac' Ubration Puncture

Gamma gauges pcoumandhynenergy) Unprotected source 4 3 3 3 3
sourceincew:e 4 3 2 3 2

Beta gauges and sources tcr low energy gamma gauges 3 3 2 2 2

or X ray fluorescerice an&'ysts tenCOcng gas.Saec sources)

Portace moisnsa anc onsay gauges 0ncludng hand hec 4 3 3 3 3

or coh tra%Doded)
_

Gers a reutro, sou e apohcaten (exesuong rwtor start vo) 4 3 3 2 3

If tne sealed source has a'C' classification Source working life
Tabe 2 can be used d:recty to assess the surtability of the
source for the proposed appfcation provced that there is no The ' recommended working life' (RWL)is our recommendation
significant fee, exploson or corroson hazard. of the penod withm which the source should be replaced.

If such a hazard does exist. the user and the manufacturer have This informaton is given in the Test Report. The peaod has been
to conscer the followng factors to determne whether additonal assessed on the basis of su-h fa : tors as, toxicity of nucIce, total
testing is rec,uired: instel actMty, source constructon (e.g. capsule design, source.

1 consecuences ofloss of activrty insert type, etc.), haff4fe of nuclide, typical application

2 Quantity of actrve matenal contaned in the source ermronments, operatonal expenence, test performance data.

3 radiotoxcity etc.

4 chemcalandphysicalformof thematenalandthe The assessement of 'recommeNed working hfe' is based on the
geemetncalshape assumeton that they are not used in adverse environments. It is

5 enwonment n whchitis to be used the cer's responsibilrty to inspect and test the source regular 1y
6 protecton afforded to the source device comboation. in order to assess at what point dunng the ' recommended

if the sealed source has an'E' classification workng Efe' the source should be replaced.

Table 2 cannot be used crectly. Advce should be sought regardng ' recommended working Efe'
Tc determne whether any addttonal testog is necessary, an for sources that are used in adverse environments or for sources
evaluaton of the fee, exploson and corrosen hazards must fi:st that havng completed the ' recommended workng life' appear
be made and a separate evaluaton of the use and design of the satisfactory ard may be suttabe for an extended penod,
source.

Otherinformation
Soms of our source designs exceed the recommendatons of Other informaton on source safety is contaned in the product
Table 2 and may therefore be acceptab' for the appbcatons specrfcaton sheets, test reports, hand!ing and unpackinge
Ested desprte the 'E' class:fcaten. instructonswhere apptcable.

I AEA specialform

'Speciat form'is a test spectfcaton for sea'ed sources guen n
the LAEA transport regutatons.
(tAEA Safaty Senes No. 6,1973 revised ecton.)

11 b used in determinng the maximum acceptable activites for
vanoustypesof transpedcontaners

The required test are:
impact test
percussion:est-

bendng test (ony for long, s' ender sources)
heat test.

Nter each test the source must be subjected to leaching*

assessment tests.

The cert;fcate (SFC) numbers gNen aganst approved stems in ,

the catalogue Esting are those ssued by the Department of
Transport, the competent authonty in the UK for admosterng
theIAEAregulations.
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(- )pcakcging

Packagog of radcactrve matena!s is generafty contro5ed by the
IAEA transport regutatens (IAEA Safety Senes No. 6.1973
revised ed: ton). ,

There are two categor es of packagog:
- Type A-desgned to retan the otegnty of contanment and
sniesdeg under the normal cond: tons of transport. |

Type 8 -desgned to withstand the damagog effects of a
transport accident. !

Packages contanog radcactive matenais must conform to
certan maxrnum extemal radiaton leveis accordog to the
methodof transportbeogused.

Under IAEA Category lli yenow, an exposure rate not exceedog
200 mrem /h at any poet on the surface of the package is
adowed.
The package must a!so have a Transoort index (T0 withm the
limits presenbed for the partcular methoc of transpcft.
(The Transoort index is the number expresseg the exposure
rate n mrem /h at 1 metre from the surface of the package.)
For most passenger-carryog ascra't the Tl must not exceed 3
or 4. but for freghter aircraft a Tl up te 1O is genera'ly allowed

The LAEA transport regulatons presente for each nuclide,
maximum actetes that may be transported in a type A
package. The actMty leves (A, and Ag hir'.3) depend on the

:ity, etc. . f the nuclide c.r4 may vary accordog to whether or
tu the nuchce s contaned in a capsule for whch a "Special
Form"certfcate has beenissued.

Exempt packaging
Packages are exempt from the packaging regulations if they
conform to the fo30wog reouvements:
(i) themaxJmumactMtyof thecontentsislessthan

10-3A (spectaiformapprova0or
i

10-3A (forothersources)2
(ii) tha exposure rate at any poet on the surface of the prkage

does not exceed 0 5 mrem /h.

Our transport contaners are dessned for maxrnum safety and
ecoromy in transport and conform to the approprwte
htematonalregulations.

Wherever poss b!e Eghtwe'ght non retumable contasners ara
used but sivoments reQuinng more shaeidng may have to be
packed in retumable contacers. Some typcal non-returnable
and returnable contar.ers are ilustrated, see page 62.

Non returnablecontainers
These usually consist of a lead shield in a sealed can packed
either in a carcDoard box or in an expanded polystyrene casng
i % ages of this type meet the IAEA reovirements for type A.
Mfed packaging to conform to type D is a!so avaAable. The
sea'ed c'en may be opened with a domestic can opener. Refer to
unpacking instruebcos where appGcable.

Retumcble ccatainers
Retumable containers ustaay consist of a heavy lead sheio
inside a steel drum. In the steel drum there may also be a cork or
fibre liner to give protecton o case the container is nvoNed e a
We, Retumable containers must be returned promptfy at the
customer's expense. Otherwise a charge wis be made. Some
farge contaners may be subject to a hire charge.

Specially designed contaners incorporatog source transfer
*

systems are used for loading high actmty and high energy ,

Qamma and neutron sources into customers' equipment.

Customers' containers
Customers' own contaners wiH be used on request pecNided ,

that they meet the relevant transport regulatens; formal
evidence of this is required before shipments can be arranged

. _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ . ~ .
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Examples of non returnable packaging
.. . __ - .__. _. .. ._ .

01W1 POP assembly

C_ **-- ; .
.

;--- >

"$P Seated'P' can 'P' cuton
,g

01W4 PSX assembly .c

m .A

i. ."tu.L
O .

U
y.;- -

[

v> 1 :p";;.
:.3 s- f .,-

.w

' I''W4 kad pot g g .p.can uw wn- tue

*X' carton

.

01WCROW assembly b .

0 0 1

'm' 3
-

b ,,C u -

4 | t; ./ 2:-
* \ x i '&

I ! jc.. E _s'''

v i .

,

VW C wad pot
l | Epanded

med w'th *resve tape) Seaied 'R' can c=3 Powtyrene,

. W drum

.. -

Examples of returnable packaging
. .

JOILMCF assembly

~ tJ MS
@. O e
a
Lead pot

Corkkner Steeldrum
N-. 3206B . _ _ _ - . - -- -.

, ,

Neutron

mx +
), c /y~ a

]/ m
,

i ..i , i

-

.
,_ ._.
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VPackcging

Containerinformation
The informa0on in the fonowing table is grven to heto Customers
estanate fregnt Costs and antcpate hancling prcblems.

The values grven are for o. S y. emitters only - see separate tab %
forneutron sources on page 64

Non retumablepackaging

Nucede Mat aAowed in Amersham code 000CF0P 0'W1PCP CtW4PM 01WCnCW
type'A'pect.4 3e

(LAEAregs) Leed thicknessimm) 0 3 13 38
-

A. A, IAEA type A A A A
soeoal others
term Wo.ghtk9 04 05 27 11 4

T.t. value 05 05 3 3

Max. permitted contents

8"Am 8C; 8mQ k OO7mC4 8 MOI 8C4
296GBo 296M8o 296M8o(137G8@ 296M8c(296G8@

***Cd 1ko 70Ci ! SmQ +
SNBo 2 59TBo 207MBo

3 o 01 20 0 14 mci 22mo* 40mG 650nc
111TBo 740G84 59M84 81M8o 148G84 24G80

s'Co k'J 90Ci 5 9 mci 87CrnCi 20 +
3 33TBo 3 33TBQ 218M84 32G80 74Gao

'"Co 70 70 210uG 275u0 360u0 20nc
259G8a 259G80 78M8o 10M8o 13Veo 740M8o

8"Cm 10G 10 mci 107C(10C4
370G8o 370M84 370MBo O70G8@

'62Gd 200C 100C1 22 mci +
7 4TBo 3 7T84 814M84

.ast iko 70Ci 3 SmCi +
37TBo 259G8o 130M8o

seFe 1kC IkC +
37TBo 37TBo

"xt iko Iko 42cmCi 6@c 180
37TBa 37T84 15-5G8o 23 7G8o 666G8o

"M ikCi ikCi +
37TBo 37TBQ

''' 3Ci 3 mci 3m0 0C4
111G8o 111M8o 111M8o(111G8@

"'Pm 1k0 80Ci 1-2C1 +
37TBQ 2 96TBo 44G8o

"Sr 100 400rrc 28 mci 92nc 2-20
370GBo 14 8G8o 1G8u 3 4GDo 8tGao

. . _

1117B4 111TBo 59G8o 148Gaa 111TBo

Notes
1. + recatn ther maurun ccntents are Insted by A/svalues.not ty Vace
me.
2. Values n bradets shoev the aoartage to be p ty usng Soeoal Form
acor(Md scar:es.
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Returnable packaging
...

* RetumeNe

Nucude mat anowoolri Amersham 40CS% AIDACF
type'A'Peckage code (09248Y)
(IAEA re96)

IAEA t,pe A Ef44, y
sceoal others Wegnt k9 85 51

TJ.value 69 35

Maxunu.4 permissstWe content

% 7Ci 70 175rno 30m0
259G80 259G80 $$G8a 111MBo

' 04 330 20 0 24 0 130
111TBo 740GBo 082TBo 4SGe2

___

Neutron sources

Non-reNrnable RetumatWet

Nuchde met anowed in Amersham 01W1 POP 01W1PrX 0101RCW 1943A 182*A 194CA 3009A 32068
type'A'Peckage esce "J20N) (A50N) 250N}

''''I
4 A A EMJ) A BM) A A or 80,hLAEA type

A. As Weight k9 05 17 35 201 27' 600 1060 75
"

term T_.I.volue 05 33 61 7 8 10 8 6
_

Mas permmed contew

**'Am 80 8mo 0250 200 400 190 - 780 - 180
296G8o 296VBo 9 25GBo 74G80 146GBo 703G80 2 89TBo 666G80 _

b

0 7mg) 0-7pg) 4M8o 30MBq 60MBo 07GBo 4 5G84 SGBo 30G8o 05GSQ
74GBc 74Meo

t Rettrw>e contarers are avanade let purenase. Detais en request.

.

O

t
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Rad.ioact.wasourcatest report ~

',nme wsum cwegic Am2meie-
ams!are Eng!and HP7 9tt teler:43141 ACitVAG

zode ds-ription nominal activity customer
~

11 CA E S IUH-13 7 G A FM A SO U RC E 3 300 MILLIC UR IE RIADATA A/S
( 11.10 GIG ABQ ) OES T E RB ROG AD E 95 |

n DK-2100 COPENHAGEN
2 SEALED SOURCE DENMARK

I

<tassification * special form certiGcate no. recommended working life customer's order no.*

4 f 23 15 YE ARS 902 2 003753-070-1
I

kmbe? ' measurement check measurement check date * akage test date passed leakage test date passed contamination test date passede

M I LL I CUR I ES D
" 6 DEC 85 M 6 DEC SS A 10 DEC 85R 341.3 6 DEC 85

_

1
R '35.2 6 DEC 85 3 6 DEC 85 M 6 DEC SS A 10 DEC 85

O
1

R 6 DE C 85 3 6 DEC 35 M 6 DEC 85 A 10 DEC P. 5
~ ' ~

2
i A

Z
-;

I

l

l *

|
signed 'date

11 DEC B5

%

|assiGcation ccmplies with B5.5249:1976. which is in agreement with I50.2939 (see overleaf for deGnition and description of tests) |
j.

Am9fSham 4
.at,.o'.m .* w.ie.im m o.ea.. .aore.c. w .n.-n.c. ui=ca.n niex..aoa.mn . w r.-o

.-
.



n o.nasse uve a W iempiu e uwev.a vingve.v s***.
,

Road Amersham cables ActivityAmer-Avntelex Radioactivasource test report, -
-

mshira England HP7 9LL telex 83141 ACTIVAG

.

.i fe description nominal activity custo,mer
'

11 CAESIUM-137 G AFM A SOURCE 3 300 MILLICURIE RI A D ATA A / 5
( 11.19 GIGA 80) OESTERBROG ADE 95 \ae. D K-2 . '00 CO P E N H A G EN s

15 SEALED S004rE OCNMARI

classir,:atior. * special form certificate no. recommended workin21ife customer' . order no.

4 23 15 YEARS 902 2 003098-070-1

imber measurement check measurement check date leaktge te't date passed leakage test date passd contamenation test date passed '
SILL.lQE6

GR %4
6d 306 1

LO TowE %5 3 11 %gg Esg g gg ggg gg gg7 7 egg Tsg4 Ge 2%.9

l

O

i

signed date

12 JUNE 8'

assification comphes with B5.5289: 3976. which is in agreement with 150.2919 (see overlean for definition and description of tests)

Amersham
.

_ _ . _ __-____m __



mInternationalpic temw Little Chalfors t.024 04) 4444 .

Tm2 Amersh;.m cabics Activity /vnershamidex i *Radioactive s03rcotest reportnshira England HP7 9LL tetex 83141 ACTNAG

~

ode c;e- criptier. | nominal activity
'

customer

11 C A E S I UM-13 7 GAMMA 3OURCE 5 300 FILLICURIE '' I A D A T / A/S
( 11.19 GIGA 80) OtSTEPOR0GADE 95 %

"so. D K-2.' OG C'JP ENi! A G EN
1 SEALS.D SOURCE DENMARK

lassi6 cation * ' spece<l form cer*.i6cate no recommended working 1:fe [ customer'; c,rder no.
4 23 15 YEARS 902 1 002590-070 1

1

nber ' rr.caturement check | measurement check date leakage test citc passed leakage t*st date passed contamination test date passed
i

MILLICURIES

'4 GR 313.3
:5 Git 307.2
;2-GR 324.6 13 DEC 84 D 13 DEC 64 M 13 DEC 84 A 17 DEC 84
2 GR 307.2
7 GR 317.4

I.

Si

j signed date

17 DE C E4

7
ssi6 cation compfies with BS.5288:1976. which is in agreerv.ent with 150.2919 (see ove leaf for definitior and description of tests)

.)

Amersham
.

O

_
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NATIONAL INSTITUTE OF RADIATION H~YGIENE
Osterndalen 25, P.O. Box 55, N 1345 Oster&s, Norway Tel. (02)17 00 92

.

Eur-Control Gamma A/S
Vitbank
3400 LIER

.

Your ref. Our ref. Date
2569/06/81.0/ALR/ut 1986.12.08

TYPE APPROVAL

The Density Transmitter DT-6092/DT-6092F/DT-6092EX with sou c,3
holder NOR 4079/14 has been subject to a t pe test at our
institute.

Frtm the results of this test, we have given th9 sourceholder
approval for up to 20 GBq (540 mci) Cs-137.

Yours sincerely

Leiv Berteig

cabo -t

Liv RudjopdAnne
i

, . . - _ . - . - - . . _ -- _ _ . _ . _ - .
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C3WuPCCAM OF SADEf
lONIZING RADIATION GAUGING DEVICE

Type: NOR 4079/14 with 6092
Manufacturer: EUR Contro/GammaNSCharge:300 mci Cs 137 Classificationstandard: ANSIN538

Classification: ANSl54 554 554 R2 Signature: (, g , Date:27 Nov 1986

The device has been tested according to ANSI N538 and N542 and found in good order.

[ Safety functions: Checked before,during and after temperature test OK!

Maximum radiationintensity in mremh, Source ON and Source OFF

Before temperatut test After temperature test
i 3

Distance (cm) ON | OFF ON | OFF

5 8.0 9.0 8.0 8.5
--

30 1.1 1.3 1.1J J _ _ 1.2

|
100 0.30 0.35 0.30 0.35

Radiation intensity (mremh) at 100 cm distance from surface. Source ON

o0.20 "
0.25 0.20 "OM 0.150.30

0.20 gu

0.20 4)jR Li>> e7 0.300.20 , ,i 0.30 - ( O,~

' I (( a,

/ ~ c

0.25
h 0.25 0.15

0.30 / 0.25
e 0.15 0.15 0.20"

,

"0.20 0.20_

Radiation intensity (mremh) at 100 cm distance from surface. Source OFF

0.250.35 0.25 O.20 "'
0.15

0.30 L 0.30

0.15 Nf|R Liim " # 0.15,0.20 -
, , ; 0.25 4 9 ,

.

czi=i[' [ $ ____p t+ -

0.20 0.20
0.25

0.15o
0.30 0.30 0.20 "W

0.30 n 0.30 w

m
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Test erocramme

The stray radiation of the source has been measured both in OFF and ON position followed by a temperature test
after which the stray radiation again has been measured in OFF and ON position. These tests have been carried out
in agreement with ANSI N538 by the Center for industrial Research , Oslo , Norway.
The leak tost as described in ANSI N542 has been carried out by the Institute for Atomic Energy, Kjeller, Norway.

Strav radfation measurement orocedure

The background radiation in the laboratory has been insignificant and has, therefore, not been subtracted from the
measured values. Standard conditions as specified in ANSI N538. table 2, have been established. A!! accessible
surfaces have been scanned with the survey meter at 5,30 and 100 cm from tae source's surf ace for the source
in OFF aad CN position. This has been done both with and without filter. The location of maximum stray radiation

has been determined in each case and then measured over 1 minute. The procedure is in agreement with ANSI
N538, chapter 7.3.2.1.

After this, measuremen's at 100 cm distance along two chosen principal axes have been done at 30 degrees
measuring interva!s. These isodistance doses are graphically presented.
The maximum doses given are either the doses measured without filter divided by 6, or the doses measured with
filter, whichever is greater. This is in agreement with ANSI N538, chapter 7.3.3.1.

Temeerature test erocedure

The source has been operating with its normal heat load during the temperature cycling (N538, chapter 7.2.1 ). It
has been exposed to -40 'C and 105 'C, accuracy 2 'C. The temperature stabilization time has been
experimentally determined to 3 hours. We have allowed 7 hours for stabilization which gives a safety margin of 4
hours. The safety functions have been checked as described in ANSI N538, chapter 7.3.2. After the tempertature
test, the source has been inspected for visual defects.

Stray radiation measurement Eculement

Survey meter : Type: PDM 1 Nuc! ear Enterrises
2Ca!ibtated mass per unit atea window: 8.0 mg's,m

Window area: 100 cm'
Filter: Build up slide: 300 mg/cm2

The survey meter and filter have been calibrated with the calibration chamber on 6 October 1986. *

Ca'braCon chamber scec&atbns

Type: Air ionization chamber , Nuclear Enterprises, lonex dose rate meter 2500/3
Energy response: flat within 15%,10 kev to 3.0 MeV.
Window area: 100 cm2
Basicwindow mass per unit area 1mg'cm2 aluminized Meliner
Window mass per unit area for calibration of survey meter : 1mg/cm2 Melinex + 7mg/cm2
Window mass per unit area for ca!ibration of survey meter with !Jter: Perspex,300 mg/cmplyethylene
Ca!;bration date: 7 Ju!y 1986

.__
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ATTACRMENT 5

iNational Radiological Protection Board
!

Summary of Course for Radiation Protection Supervisors

1. Concepts and Production of Ionising Radiation

2. Legislation (UK and Europe)

3. Dose and Contamination Units

4. Maximum Permissible Doses and Derived Working Limits

5. Biological Effects of Radiation

6. Administrative Requirements of the UK Regulations

7. Radiation Instruments

8. Personal Monitoring

1

[
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