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____________ 

 
RADIATION  INSTRUMENTATION  –  

RADIATION  SOURCES USED IN  ILLICIT  
TRAFFICKING  DETECTION  STANDARDS –  
GUIDANCE AND RECOMMENDATIONS 

 
FOREWORD 

1 )  The  I n ternational  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ i zation  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Commi ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questi ons  concern i ng  s tandard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC publ i shes  I n ternational  Standards,  Techn ical  Speci fi cations,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ).  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC Nationa l  Comm i ttee  i n terested  
i n  the  sub ject  d eal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternati ona l ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC  a l so  parti ci pate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternati onal  Organ i zation  for S tandard i zation  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or agreements  of I EC on  techn ica l  matters  express,  as  nearl y as  possi ble,  an  i n ternati onal  
consensus  of opi n ion  on  the  rel evant subjects  s i nce  each  techn ical  commi ttee  has  representati on  from  al l  
i n terested  I EC National  Comm ittees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC Nati onal  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonable  efforts  are  made  to  ensu re  that  the  techn i cal  con ten t of I EC 
Publ i cations  i s  accu rate,  I EC  cannot be  hel d  responsible  for the  way i n  wh ich  they are  used  or for any 
m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC Nati ona l  Commi ttees  undertake  to  app ly I EC Publ i cati ons  
transparentl y to  the  maximum  extent  possib le  i n  thei r national  and  reg ional  publ i cati ons.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond ing  nati ona l  or reg i onal  publ i cati on  shal l  be  cl earl y i nd icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provide  any attestation  of conform i ty.  I n dependent  certi fi cati on  bod ies  provide  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC  National  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cation  or any other I EC 
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  pub l i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  possib i l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

The main  task of I EC techn ica l  committees  i s  to  prepare  I n ternational  Standards.  However,  a  
techn ical  committee  may propose the  publ ication  of a  techn ical  report when  i t  has  col lected  
data  of a  d i fferen t kind  from  that wh ich  is  normal ly publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC TR 62971 ,  wh ich  i s  a  techn ical  report,  has  been  prepared  by subcommittee  45B:  
Rad iation  protection  i nstrumentation ,  of I EC  techn ical  committee  45:  Nuclear i nstrumentation .  
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The  text of th is  techn ical  report i s  based  on  the  fo l l owing  documents:  

Enqu i ry d raft  Report  on  voti ng  

45B/81 7/DTR 45B/821 /RVC 

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  techn ical  report can  be  found  in  the  
report on  voti ng  ind icated  i n  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance wi th  the  I SO/IEC  D irecti ves,  Part 2 .  

The  committee  has  decided  that the  contents  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  i nd icated  on  the  I EC websi te  under "h ttp: //webstore. iec.ch"  i n  the  data  
re lated  to  the  speci fic  publ ication .  At  th is  date,  the  publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l i ngual  vers ion  of th is  publ ication  may be  issued  at  a  l ater date.  

 

IMPORTANT – The 'colour inside'  logo  on  the  cover page  of th is  publ ication  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understand ing  of i ts  contents.  Users  shou ld  therefore print th is  document using  a  
colour printer.  
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RADIATION  INSTRUMENTATION  –  
RADIATION  SOURCES USED IN  ILLICIT  

TRAFFICKING  DETECTION  STANDARDS –  
GUIDANCE AND RECOMMENDATIONS 

 
 
 

1  Scope 

This  Techn ical  Report  (TR)  provides  gu idance and  recommendations  regard ing  the  avai labi l i ty 
and  use  of rad iation  sources  that are  needed  when  testi ng  and  evaluating  i nstruments  used  
for the  detection  of i l l i ci t  trafficking  of rad ioactive  materia l .  The  relevant standards  are  l i s ted  i n  
4 . 1 .  Gu idance includes  the  use  of surrogate  or replacement rad ioactive  materia ls  that  cou ld  
be  more  eas i l y obtained .   

The  obj ect of th is  Techn ical  Report  i s  to  provide  gu idance  to  i nstrument manufacturers ,  users,  
and  testing  organ isations  as  to  the  selection  and  possib le  use  of rad iation  sources,  source  
surrogates  and  source  s imu lation  tools  when  testing  and  evaluating  an  instrument’s  abi l i ty to  
detect and  i denti fy i l l i ci t  trafficking  of rad ioactive  materia l .  

2  Normative references  

The fol l owing  documents,  i n  whole  or i n  part,  are  normative l y referenced  in  th is  document and  
are  ind ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl ies .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

I EC 60050-395 ,  International Electrotechnical Vocabulary – Part 395: Nuclear 
instrumentation: Physical phenomena,  basic concepts,  instruments,  systems,  equipment and 
detectors 

3 Terms and  defin i tions,  abbreviations  and  symbols  

3. 1  Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol l owing  terms  and  defin i ti ons,  as  wel l  as  those  g i ven  
i n  I EC 60050-395 appl y.  

3. 1 . 1   
nuclear material  
plu ton ium ,  except that wi th  i sotopic concen tration  exceed ing  80  %  in  p lu ton ium-238;  u ran ium-
233;  u ran ium  enriched  i n  the  i sotope  235  or 233;  u ran ium  con tain ing  the  m ixture  of i sotopes  
as  occurring  i n  nature  other than  i n  the  form  of ore  or ore-res idue;  any materia l  con tain ing  one 
or more  of the  foregoing   

Note  1  to  en try:  Add i ti onal  detai l s  regard ing  sou rce  composi ti on  can  be  found  i n  4 . 3.  

[SOURCE:  I AEA-TECDOC-1 31 1 -September 2002]  

3.2  Abbreviations  and  symbols  

DD  Deuterium-Deuterium  

DU  Depleted  U ran ium  

HEU  H igh l y Enriched  U ran ium  

IAEA I n ternational  Atom ic Energy Agency 
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N IST National  I nsti tu te  of Standards  and  Technology 

NORM  Natural l y Occurring  Rad ioactive  Materia l  

Np  Neptun ium  

PMMA Pol y methyl  methacrylate  

Pu  P lu ton ium  

RGPu  Reactor Grade  Plu ton ium  

NM  Nuclear Materia l  

WGPu  Weapons  Grade  Plu ton ium  

4 Background  

4.1  List  of relevant standards  

The fol lowing  s tandards  are  cu rrentl y re levan t to  th is  Techn ical  Report.  Each  standard  
con tains  requ irements  for photon  and  neu tron  rad iation  em i tting  sources  i nclud ing  those  
requ i rements  for NM.   

– I EC 62244,  Radiation protection instrumentation  – Installed radiation monitors for the 
detection  of radioactive and special nuclear materials at national borders  

– I EC 62327,  Radiation protection instrumentation – Hand-held instruments for the detection 
and identification of radionuclides and for the indication of ambient dose equivalent rate 
from photon  radiation  

–  I EC 62401 ,  Radiation protection instrumentation  – Alarming personal radiation devices 
(PRD)  for detection of illicit trafficking of radioactive material  

– I EC 62484,  Radiation protection instrumentation  – Spectroscopy-based portal monitors 
used for the  detection and identification  of illicit trafficking of radioactive material  

–  I EC 62533,  Radiation protection instrumentation  – Highly sensitive hand-held instruments 
for photon detection  of radioactive material  

–  I EC 62534,  Radiation protection instrumentation  – Highly sensitive hand-held instruments 
for neutron detection  of radioactive material  

– I EC 6261 8,  Radiation protection instrumentation – Spectroscopy-based alarming Personal 
Radiation  Devices (SPRD)  for detection of illicit trafficking of radioactive material  

– I EC 62694,  Radiation protection instrumentation – Backpack-type radiation detector (BRD)  
for the detection  of illicit trafficking of radioactive material  

4.2  Source suppl iers  

Several  rad ioactive  sources  are  requ ired  for testi ng  to  I EC standards.  Many sources  are  
commercia l l y avai lable  for purchase.  I t  i s  up  to  each  i nd ividual  organ ization  to  i den ti fy the  
manufacturer or suppl ier based  on  thei r speci fic needs .   

4.3  Nuclear Material  (NM )  sources  and  materials  of in terest  

At the  time of publ ication ,  the  materials  of i n terest i ncl ude:   

– Depleted  Uran ium  (DU),  

– H igh l y Enriched  U ran ium  (HEU),  

– Reactor Grade  Plu ton ium  (RGPu),  and   

– Weapons  Grade  Plu ton ium  (WGPu).  

Due  to  the  avai l abi l i ty of DU  for testing ,  i t  wi l l  not  be  addressed  i n  th is  Techn ical  Report.  
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For I EC  efforts ,  HEU  has  an  enrichment of greater than  90  %  235U  and  DU  of no  more  than  
0, 4  %  235U .  RGPu  is  defined  as  con tain ing  more  than  1 2  %  240Pu ,  and  WGPu  having  no  more  
than  6  %  240Pu  and  not l ess  than  1 2  %  239Pu.  

Standard ized  test sources  conta in ing  NM  are  sealed  sources  that are  characterized  by mass,  
i sotope  con ten t,  geometric shape (e. g . ,  spherical ) ,  and  age.  The  characterization  shou ld  
i nclude  chem ical  e l ements,  not j ust  rad ionucl i des.  

237Np,  232U ,   233U   have  been  d iscussed  as  a  poss ib le  materia l  of i n terest,  bu t due  to  very 
l im i ted  avai labi l i ty they wi l l  not be  addressed  further i n  th is  Tehcn ical  Report.  

4. 4  Neutron  sources  

Based  on  the  materia ls  of in terest to  be  detected ,  a  fiss ion  spectrum  source  is  requ i red  at  an  
em ission  rate  of 20  000  neu trons  per second .  Therefore,  each  appl icable  standard  requ i res  
the  use  of a  252Cf source  having  an  acti vi ty of approximatel y 1 85  kBq .  

Neutron  sources  wi th  h igher em iss ion  rates  such  as  those  used  for dos imetry or dosemeter 
ca l i bration  ( i . e. ,  rad iation  protection  instrument cal ibration)  wi l l  produce  more  scattered  
neu trons  because  the  source  to  detector d is tance  must be  i ncreased  to  main tain  the  same 
fluence  rate  produced  by the  recommended  source.  Therefore,  the  use  of a  neu tron  source  
wi th  much  h i gher em ission  rates  is  not recommended  for i l l i ci t  trafficking  detection  
i nstrumentation .   

4.5  Surrogate materials  and  efforts  

4.5. 1  Materials  

– HEU  

HEU  sources  are  requ i red  to  produce the  rad iation  test fi e ld  for spectrometric or 
i denti fication  type  i nstruments.  The  amount of 235U  depends  on  the  requ irements  i n  the  
standard  and  i nstrument being  tested .  Because  the  main  photon  energy of 235U  is  
1 86  keV,  most em issions  come from  the  su rface  of the  source  to  a  depth  of approximatel y 
1  mm  (based  on  the  95  %  i n fi n i te  th ickness  em ission  rate) .  As  a  resu l t,  the  quan ti ty of a  
surrogate  source  can  be  reduced  and  sti l l  have  the  same em ission  as  a  much  l arger mass.  
Surrogate  HEU  sources  have  been  developed  in  the  form  of sealed  sta in less  steel  
capsu les  con tain ing  porous  graph i te  cyl i nders  saturated  wi th  HEU  oxide  and  i n  the  form  of 
th in  wal l  ho l low HEU  spheres .   

– Uran ium  

Uranyl  acetate  may be  used  as  a  check source  to  veri fy u ran ium  iden ti fication  capabi l i ti es .  
The  chem ical  compound  can  be  purchased  as  a  powder a l though  there  are  many d i fferent  
options  as  to  i ts  composi tion .  U ranyl  acetate  consists  of 238U  and  235U  at 0 , 3  %  to  0 , 4  %  
enrichment depend ing  on  the  manufacturer.  U ranyl  acetate  i s  a  toxic  materia l .  

– Pluton ium  radiation  surrogate  

A sel f-conta ined  source  of gamma-ray and  neu tron  rad iation  su i table  for use  as  a  rad iation  
source  surrogate  for WGPu  has  been  developed  (See  B ib l iography:  US  Patent 7, 655, 935  
B1 ,  Feb  2 ,  201 0).  The  surrogate  source,  wh ich  does  not con tain  NM,  was  des igned  to  
produce a  rad iation  spectrum  s im i lar to  that of WGPu  over an  energy range  from  59  keV to  
2  61 4  keV.  Th is  WGPu  surrogate  a lso  em i ts  neutrons  having  fl uxes  commensurate  wi th  
gamma rad iation  i n tensi ti es  employed .  The  surrogate  source  cons ists  of 1 33Ba,  252Cf,  
1 37Cs,  1 53Gd,  57Co,  1 55Eu,  1 77mLu ,  1 1 3Sn ,  228Th,  95Zr in  an  assembly.  Further detai ls  are  
avai lab le  i n  the  referenced  patent.  Th is  source  i s  re levant  for testing  the  identi fication  
capabi l i ties  of i nstruments  wi th  an  energy resolu tion  that  i s  no  better than  5  %.  

– Use of plated  sources  for handheld  detection  systems  

Sources  made from  the  plating  of 239Pu  or 235U  to  a  substrate  were  i nvestigated  as  
poss ib le  surrogates  for l arger sources  that are  used  to  test the  i denti fication  function  of 
handheld  devices.  The  i nvestigation  determ ined  that the  amount of materia l  requ ired  may 
not be  feas ible  for p l ated  sources.  
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– Neutron  source  

The  currentl y accepted  em ission  i n tens i ty for 252Cf is  20  000  neutrons  per second  is  used  
by the  re levant s tandards .   

Due  to  the  short ha l f- l i fe  of 252Cf (2, 65  y) ,  there  has  been  much  d iscuss ion  i n  the  
standards  commun i ty regard ing  the  use  of 241Am-Be as  a  replacement.  The  use  of bare  
241Am-Be when  testing  i l l ici t  trafficking  rad iation  detection  systems  that were  bu i l t  wi th  
moderation  i ncluded  is  not appropriate  s ince  the  mon i tors  were  des igned  speci fica l l y for 
detection  of fi ss ion  spectrum  sources .  Add i tional  moderation  wou ld  be  requ i red  to  ensure  
that the  neu trons  imping ing  on  the  detector are  s im i lar to  that from  a  fiss ion  spectra  poin t 
source.  

F i gu re  1  shows an  241Am-Be spectrum  plotted  i n  Lethargy format normal i zed  to  one 
source  neu tron .  The  spectrum  is  taken  from  I SO  8529-1 : 2001 .  For Lethargy p lots,  when  
the  energy axis  i s  l ogari thm ic and  the  ord inate  axis  i s  l i near (as  shown  i n  F igure1 ),  the  
area  between  any two energ ies  i s  d i rectl y proportional  to  the  number of neu trons  em i tted  
by the  source  between  those  energ ies .  

 

Figure 1  – 241Am-Be energy d istribution  

I t  i s  not  currentl y poss ib le  to  manufacture  neutron  sources  from  241Am-Be that provide  an  
acceptable  fi ss ion  neu tron  spectrum .  Further i nvesti gation  i s  needed  to  determ ine  i f i t  i s  
possib le  to  manufacture  sources  for the  purpose  of provid ing  an  a l ternative  for 252Cf.   

Another possib le  source  of fi ss ion  spectrum  neutrons  i s  244Cm.  Th is  rad ionucl ide  has  an  
1 8  year ha l f- l i fe  wh ich  i s  much  l onger than  that of 252Cf.  Manufacturing  safety and  
avai l abi l i ty of 244Cm  makes  th is  a  less  effecti ve  neutron  source.  

Another possib le  surrogate  is  through  the  use  of a  deuterium-deuterium  (DD)  generator 
that produces  2 , 5  MeV neu trons,  wh ich  m igh t be  shaped  by various  sh iel ds  to  g ive  a  
su i table  spectrum .  Th is  wou ld  be  expensive,  and  there  wou ld  need  to  be  a  way to  veri fy 
reproducibi l i ty i n  ou tpu t.  I t  i s  therefore  not recommended  as  a  surrogate  neutron  source .  

241Americium-Boron  i s  a l so  being  i nvestigated  as  a  possib le  surrogate  for 252Cf due  to  the  
s im i l ar neutron  spectra.  

4.5.2  Efforts  

– Semi-empirical  method  for performance evaluation  of detection  and  radionucl ide  
identi fication  
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A sem i-empirical  (derived  from  experiment and  observation  rather than  theory)  
performance appraisal  method  to  anal yze  the  performance of rad ionucl ide  i denti fication  
software  has  been  developed .  Th is  spectra l  i n jection  techn ique  i s  based  on  the  anal ys is  of 
random ized  raw i nstrument measured  spectra .  The  raw spectra  are  obtained  from  the  h igh  
qual i ty spectra l  measurement of actual  sources .  The  process  creates  syn thetic spectra  for 
i n j ection  i n to  the  instrument–speci fic anal ysis  software.  The  method  a lso  a l lows  the  use  of 
syn thetic spectra  i f raw spectra  are  not avai l ab le .  

Th is  method  provides  a  means  to  evaluate  anal ys is  software  performance and  to  
complement testi ng  wi th  actual  sources .  Th is  method  does  not i ncl ude  the  detector and  
associated  e lectron ics .  Fu ture  I EC  62957-1 ,  Radiation instrumentation – Semi-empirical 
method for performance evaluation of detection and radionuclide identification – Part 1 :  
Performance evaluation of instruments featuring radionuclide identification in  static mode,  
i s  being  developed  for th is  techn ique.  

– Neutron  fi eld  measurement  

Typical l y,  a  neutron  source  i s  moderated  by the  surround ing  materia l  as  wel l  as  the 
surface  below the  source  or detector.  These  moderating  materia ls  incl ude  a i r,  the  
con tainer hold ing  the  source  (e. g . ,  veh icle,  sh ipping  conta iner) ,  and  road  or ground  
surface  and  moistu re  l evel  wi th in  those  surfaces.  Measurements  and  model /calcu lations  
have  shown  that surround ing  a  252Cf source  wi th  h i gh  dens i ty pol yethylene  having  a  
th ickness  of 3  cm  to  4  cm  is  most representati ve  of the  operational  envi ronment.  

4.5.3  Simu lated  gamma spectra versus  real  spectra  

Simu lated  spectra  are  sometimes  used  to  veri fy the  functional i ty of i nstruments  used  to  
i denti fy rad ionucl i des.  Some of the  advantages  of us ing  s imu lated  spectra  i nclude  reduced  
time and  budget requ ired  to  make pred ictions  of i nstrument response  under d i fferen t test 
cond i ti ons.  An  example  of the  use  of s imu lated  spectra  cou ld  be  the  characterization  of an  
i nstrument’s  response to  sources  that are  sh ie l ded  or masked  by d i fferent  types  of materia ls.  
An  actual  experiment may be  unaffordable  due  to  the  l arge  poss ible  number of combinations  
and  test cases.  

The  d isadvantage  of s imu lations  i s  that i t  i s  d i fficu l t  to  produce  spectra  as  obta ined  in  an  
actual  measurement.  S imu lations  requ ire  the  knowledge  of many parameters ,  such  as  
detector d imensions,  detector efficiency,  source  encapsu lation ,  source  acti vi ty,  materia ls  
surround ing  the  detector and  source  that m ight be  unknown  to  the  user.  Therefore,  software  
val i dation  i s  requ i red  to  understand  the  l im i tations  of the  s imu lation .  

4.5.4  Use of Natural ly Occurring  Radioactive  Material  (NORM)  

I n  several  I EC standards,  NORM  is  used  to  veri fy the  i den ti fication  response of spectrometric 
i nstruments .  The  use  of bu lk  or l arge  quan ti ti es  of NORM  for standard ized ,  rou tine  testing  i s  
d i fficu l t  due  to  non-reproducible  isotopic  composi ti on  between  d i fferen t NORMs  and  hand l ing  
of bu lk  materia l  during  testi ng .  To  address  th is ,  a  surrogate  NORM  was  developed  that makes  
use  of 226Ra and  232Th  (or 232U)  poin t sources  su rrounded  by approximatel y 9  cm  of 
pol ymethyl  methacrylate  (PMMA).  The  PMMA i ncreases  the  Compton  contribu tion  and  
reduces  the  x-rays  and  l ow energy gamma-rays  i n  the  energy spectrum  making  i t  appear as  
bu lk  materia l  (See  B ib l iography:  Measurements  for the  Development of a  S imu lated  Natural l y 
Occurring  Rad ioactive  Materia l ,  Journal of Research of the National Institute of Standards and 
Technology,  Volume 1 1 7  (201 2)).  The  described  configuration  does  not i nclude  40K nor does  
i t  create  a  reduction  i n  the  measured  rad iation  fie l d  that may be  caused  by bu lk  material .  The  
need  to  i nclude  40K shou ld  be  determ ined  prior to  us ing  the  su rrogate  NORM  materia l  for 
testing .  

Another poss ible  surrogate  NORM  source  is  known  as  the  “KUTH  fie l d  veri fier” .  Th is  product 
was  developed  for the  o i l  wel l  l ogg ing  i ndustry as  an  a id  i n  the  cal i bration  of down-hole  
gamma-ray spectroscopy tools .  The  device  cons ists  of 40K,  natu ral  U ,  and  232Th .  Both  the  
natural  U  and  232Th  are  i n  secu lar equ i l i bri um .  No  add i tional  i n formation  i s  avai lab le.   
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5 General  requirements  

5.1  NM  

Table  1  contains  a  l i st  of the  NM  sources  currently used  in  I EC standards.  Source  strengths  
are  typ ica l l y g iven  as  a  mass  quanti ty for a  g iven  shape and  materia l  type  (metal  or oxide) .  
The  surface  areas  shown  for HEU  and  DU  are  based  on  the  cen ter cross-section  of a  sphere  
for the  s tated  mass.  

NOTE  I n  I EC 62327,  the  sou rce  strength  for testi ng  i s  based  on  an  ambient  dose  equ i val ent  rate  of 0 , 5  µSv h–1   

(±  30  %).  

Table  1  – IEC  NM  

Sources  Quanti ty (±  20  %)  

DU
 

4, 5  kg  (46  cm 2)  

HEU
 

237  g  (6 , 5  cm 2)  

RGPu  1 , 4  g  

WGPu  1 5  g  

252Cf 2  ×  1 04  n eu trons  s–1  

 

For Pu  (RGPu  and  WGPu),  the  amoun t of 241Am  ( ingrowth  from  the  decay of 241 Pu)  varies  
widel y for d i fferent Pu  sources .  There  i s  a  need  to  l im i t  the  amount of l ow energy gamma-ray 
em issions  from  241Am  to  ensure  that test  resu l ts  are  comparable  when  tests  are  performed  
us ing  d i fferent Pu  sources.  I n  order to  provide  comparable  resu l ts,  the  net coun t rate  of the  
60  keV l ine  from  the  241Am  is  reduced  to  be  no  more  than  1 0  times  greater than  that of the  
net coun t rate  from  the  41 4  keV l i ne  for 239Pu.  For example,  i f the  coun t rate  from  the  41 4  
keV l i ne  i s  1 00  counts  per second  then  the  coun t rate  from  the  60  keV l i ne  i s  l ess  than  or 
equal  to  1  000  counts  per second .  Th is  ratio  i s  based  on  spectral  measurements  made  of 
various  Pu  sources.  Copper wi th  more  than  99  %  puri ty or Cadm ium  may be  used  as  sh ie l d ing  
materia l  to  reduce  the  60  keV em iss ions.  Any dose  rate  measurements  shou ld  be  made after 
the  Pu  source  i s  surrounded  by the  materia l  used  to  sh ie ld  241Am.  

Current appl icable  I EC  standards  requ i re  the  use  of RGPu  and  WGPu  to  veri fy an  
i nstrument’s  abi l i ty to  identi fy rad ionucl ides .  F i gure  2  shows  a  comparison  between  RGPu  and  
WGPu  spectra  obtained  using  a  sod ium-iod ide-based  (NaI (Tl ))  spectrometric i nstrument.  
There  are  d i fferences  between  the  spectra  wh ich  may a l low an  i nstrument to  i denti fy the  
p lu ton ium  enrichment,  bu t th is  l evel  of i denti ficati on  is  not requ i red  in  the  re levant standards .  
I t  i s  therefore  suggested  that on l y one  Pu  materia l  be  requ i red  for testi ng  purposes.  Curren t 
avai l abi l i ty i nd icates  that WGPu  be  the  requ i red  NM.  
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Figure 2  – Low resolution  RGPu  (blue  trace)  and  WGPu  spectra comparison  

5.2  Metals  or oxides  

Test resu l ts  have  i nd icated  that the  d i fference between  spectra  from  a  meta l  and  those  from  
an  oxide  is  such  that  i t  wou ld  not prevent  a  typi cal  spectrometric  instrument from  i den ti fying  
the  materia l .  Oxides  are  typ ical l y eas ier to  obtain  bu t may be  more  d i fficu l t to  i denti fy due  to  
the  presence of l ower energy photons  from  scattering  wi th in  the  materia l .  

5.3  Spheres  or p lates  

NMs have  a  h igh  densi ty.  Most em iss ions  come from  the  surface  of the  source  to  a  depth  
dependent on  the  photon  energy.  For example,  the  depth  for 1 85  keV is  approximatel y 1  mm  
(based  on  the  95  %  in fin i te  th ickness  em iss ion  rate) ,  5 , 6  mm  for 400  keV,  and  20, 8  mm  for 
1  MeV.  As  a  resu l t,  p lates  may be  used  i nstead  of so l i d  spheres.  For p lates,  the  quan ti ty of 
NM  can  be  reduced  and  sti l l  have  the  same em iss ion  rate  as  the  sol i d  sphere  of much  greater 
mass.   

5.4  Source encapsu lation  

Sealed  sources  are  i deal  for these  types  of appl ications.  Several  sources  were  des igned  
speci fical l y for testing  against standards  us ing  s ta in less  s teel  encapsu lations  (See 
B ib l i ography:  N IST Techn ica l  Note,  Gamma-ray emitting test sources for portal monitors used 
for homeland security) .  

Due  to  the  short ha l f- l i fe  of med ica l  sources,  sta in less  steel  encapsu lation  may not be  
practical .  The  use  of epoxies  to  make a  sol i d  source  for hand l i ng  purposes  i s  recommended .  

The  phys ical  des ign  of the  encapsu lation  shou ld  take  i n to  cons ideration  mechan ical  
requ irements ,  safety,  and  phys ica l  l eakage.  Several  sources  used  in  I EC standards  requ i re  
speci fic construction  due  to  thei r use  and  potential  for damage.  
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