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ABSTRACT 

A technique i s  described for  passive neutron monitoring of trans- 
uranic elements. The method provides quantitative determinations of 
transuranic element concentrations i n  a variety of f ie ld  situations 
where no other measurement method i s  possible. The technique can me&- 
sure concentrations of trensuranic oxides as low as 8 nci/cm3 and i s  
capable of operating i n  gama radistion fi-elds up to  megarads per hour. 
Information on chemical and isotopic composition can also be obtained 
from the data. Several successful applications of the technique are 
discussed. 
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m e  i n  s i t u  detection and measurement of transuranic elenents is an extremely d i f f i cu l t  
problem. These isotopes are  primarily alpha-emitting nuclides which emit relatively low 
energy gamma-rays through very low branching fractions. Tranouranic elements also emit 
characteristic x-radiation i n  high yield,  but t h i s  can only be measured i n  special c l  7 rcum- 
stances. Beutrons are the only characteristic radiations emitted by the transuranic elements 
which are readily distinguishable i n  the presence of other radionuclides. These neutrons 
come from spontaneous f iss ion o r  from (a,n) reactions on l i gh t  isotopes such as "F, "0 ,  or  
"0 .  For applications, such as  c r i t i ca l i t y ,  accountability, o r  waste. management, re- 
qufrfug the quantitative determination of plutonium or  other transuranic elements, these nsu- 
trons are the only radiations suitable fo r  measurement. For example, the characterization of 
residual plutonium i n  process o r  fabrication hoods undersing decommissioning is not possible 
by alpha detection a d  is 'only occasionally possible by x-ray measurements. Altho- g m  
&teetian w i l l  rregQentlgP work for f a i r l y  high quantit ies of plutonium, shielding by massive 
machinery nay introduce substantfal uncertainties. Xeutrons a re  not as severely attenuated 
by bulk quantities of s t ee l ,  and remote pockets of plutonium may be detected by neutron me%- 
-surements . 

' 

It may be necessary t o  measure plutonium concentrations fo r  potential  c r i t i c a l i t y  etral- 
uation i n  trenches, cribs,  o r  storage tanks which have received process wastes . These loca- 
t ions frequently have large quantit ies of f iss ion products present which would interfere  
with the deteczion of plutonium photons, and only neutrons can be uneqraivocally identified. 
Similarly, it may be desirable t o  measure the quantity of transuranic elements released t o  
the environs during an accidental discharge of fission product waste o r  t o  c i e t edne  the 
transuranic element content of fuel  cycle f iss ion product effluents for  &is-msal _Dur_wses. 
The high level gamma radiation present i n  these cases also r e s t r i e t s  the detection of trans- 
uranic elenents t o  neutron m d t o r i n g .  

'l'his communication describes a Cechnique fo r  quantitatively measuring the neutrons 
emitted by transuranic elenents. This technigue can e v e l ~ a t e  the neutron energy spectrum 
and thereby infer  the chemical and/or isotopic composition of the traxsuranics i n  question. 

*This peeper i s  based on work pzrt iz l ly  supported by Rockdell iianford Oprations'  Snvironnent- 
a1  Sciences Group, L. E. B r a s  and H. 11. W a g ,  ?rogrm Coorclinators, under United States De- 
2artrx1:t; af Energy Contract EY-76-C46-1830. 
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Fina l ly ,  t h i s  technique can n&e quanti tat i -ce n e a s u r e ~ n t s  o f  t r a n s m a n i c  element concentra- 
t i o n s  a t  <10 nCi/g i n  g-a r a d i a t i o n  f i e l d s  exceeding negarzcis p e r  hours .  

There a r e  two bas i c  de t ec t ion  techniques f o r  measuring neutrons emit ted by t r v l s u r a n i c  
spec i e s .   he f i r s t  of these  i s  t h e  ac t ive  technique,  which i a c o ~ o r a t e s  r e a l  t i n e  neasure- 
ment of neutrons with 3 ~ e ,  SFs, f i s s i o n  chzmber, o r  s i m i l a r  de t ec to r s  a d  co l l ec t i on  and 
s torage  o f  s igna l s  x i t h  app-opr ia te  e l e c t r o n i c  equipment. This tedhnique i s  not agpl iczble  
t o  opera t ion  i n  high gmma r e d i a t i o n  f i e l d s ,  s i nce  t h e  e l e c t r o n i c  de t ec to r s  w i l l  not ~%ct ion  
properly.  , I n  addi t ion ,  neutron energy eva lua t ion  i s  v i r t u a l l y  i nposs ib l e  with t h i s  a c t i v e  
technique,  s i nce  the  de t ec to r s  a r e  genera l ly  operated i n  a  moderating rr:ediui t o  e f f e c t i v e l y  
u t i l i z e  t h e i r  enhanced e f f i c i e n c i e s  a t  t h e r n a l  neutron v e l o c i t i e s .  

The second neutron de t ec t ion  technique,  a  p s s i v e  neutron a c t i v a t i o n  method, i s  t h e  one 
' u t i l i z e d  i n  t h i s  work. The pass ive  technique involves t h e  e -posure  of  various z a t e r i a l s  t o  
t r ansu ran ic  generated neutruns end subsequent remote d3 te rn ina t ion  o f  the  neutron-induced 
r eac t ion  products.  'This technique i s  not inf lxenced by hi& g a m a  f i e l d s  2nd can y i e l d  ener- 
gy r e l a t e d  s ~ c t r a l  information v i t h  appropr ia te  use of  t h r e sho ld  r eac t ions .  

The following ' c r i t e r i a  were con=idered i n  choosing appropr ia te  mater ia l s  f o r  passive 
neutron monitors. The neutron-induced r eac t ion  product had t o  be e a s i l y  determinable. This 
was quickly narrowed t o  r ad ioac t ive  products having d i s t i n c t i v e  game-ray emissions which 
could be  nondestruct ively d e t e d n e d  i n  h i &  s e n s i t i v i t y  ganms-ray spec t rone ters .  The prod- 
u c t  had t o  have a  r e l a t i v e l y  high branching-f rac t ion  through t h e  gamma cascade o f  i n t e r e s t  
and a h a l f - l i f e  'cet'deen a  few hours arid a  few dxfs t o  al low t h e  s a q l e  t o  reach cea r  sa tura-  
t i o n  values w i th in  a  reasonable exposure per iod .  Time requi red  f o r  t r a n s f e r  from exiosure  
t o  counting precluded very s h o r t  ha l f - l i ve s .  The ma te r i a l  needed t o  be i n  a  phys ica l ly  
manageable uld durable che'hicel form. The ma te r i e l  needed t o  be r ead i ly  ava i l ab l e  a t  reason- 
able c o s t ;  and cross  s ec t ions  f o r  t h e  neutron-induced r eac t ions  needed t o  be a s  l a rge  as pos- 
s i b l e  i n  t he  i n t e r e s t  o f  s e n s i t i v i t y .  

Af t e r  a thorough eexzmination o f  t h e  char t  o f  t h e  nuc i ides  and a few prel iminery experi-  
ments, t h e  number of  s u i t a b l e  passive neutron monitors was narrowed t o  t h e  four  ~ c e t a l s ,  
magnesium, copper, z inc,  and indium. The neutron r eac t ions  of i n t e r e s t  i n  t he se  z e t a l s  a r e  
l i s t e d  i n  Table I d o n g  wi th  t h e  product ha l f - l i ve s ,  &--rays measured, and brzqching 
f r a c t i o n s .  The cop-wr 2nd indium capti.re r ezc t ions  non i to r  t h e  t h e f m l  neutron f l u x  a d  a r e  
used i n  ci i fferent  s i tuat i 'ons r a t h e r  than s imultvleously.  The copper reec t ion  i s  used i n  nos t  
czses where time and proximity t o  laboratory-based l a rge  c r y s t a l  NaI(T1) multidimensional 
gamma-ray spectrometers p e n i t s .  If r ap id  da t a  acqu i s i t i on  o r  remote f i e l d  meesurements a r e  
requi red ,  the  indium reac t ion  can be u5e.d i n  conjunct ion wi th  a  ~ o r t a b l e  ant icoincidence 
shielded Nzl('l'1) weLL counter  a t  nea r ly  comparable s e n s i t i v i t y  l e v e l s .  

The zinc reec t ion  hes a  p r s c t i c a l  t h r e sho ld  o f  2 .3  MeV, u l d  t h e  exc i t a t i on  funct ion 
r i s e s  smoothly through a mmucizum o f  280 mb a t  10  MeV. The energy o f  t h e  neutrons produced 
by ( a , n )  reec t ions  on oxygen o r  f l u o r i n e  i s  dependent not on ly  on t h e  k i n e t i c  energy of  t he  
e lpha  p a r t i c l e  but  a l s o  on tine e x c i t a t i o n  s t a t e  o f  t he  r e s i d u a l  nucleus.  Therefore,  these  
r eac t ions  r e s u l t  i n  a spectrum of  neutron energ ies  wi th  t h e  naximum being 3.22 and 5.76 MeV 
f o r  plutonium al2ha p a r t i c l e s  on f l uo r ine  and o q g e n ,  r e spec t ive ly .  The sponimeous f i s s i o n  
neutrons have a  t ~ i c d  f i s s i o n  neutron energy d i s t r i b u t i o n  curire pezking a t  1 t o  2 MeV 2nd 
t a i l i n g  up t o  %17 NeV. The zinc monitor r e s c t i o n  i s  t h e r e f o r e  s e n s i t i v e  t o  both ( a , n )  and 
spontaneous f i s s i o n  neutrons. 

The rignesiura monitor r eac t ion  has a  p racz i cz l  th reshold  o f  6 .2  XeV and i s ,  t he re fo re ,  
not s e n s i t i v e  t o  ( a , n )  neutrons b u t  only t o  t h e  smell  percentage 'of h i &  energy spontineous 
-fission neutrons above tinis t h r e sho ld  l e v e l .  The e x c i t a t i o n  Ptlnction f o r  t h i s  r eac t ion  r i s e s  
snootinly t h r o q h  a d ~ m  of  195 mb a t  1 3  XeV, z?d although t h i s  non i to r  i s  not as s e n s i t i v e  
as  t h e  ochers ,  i t  pro-~5aes a  s p e c i f i c  ffieasure of  spontmeous ly  f i s s i o n i n g  i so topes  such as 
24 0 ru.. . 



Table I. Passive Activat ion Neutron :?onitor Reactions 

Product. Branching 
Reaction Half-Life GmLa-Rays Measured (>lev) Fract ion 

6 3 ~ ~ ( n ,  y ) 6 " ~ ~  12 .8  h  0.511 x 0.511 coincidence 18.55 

l ' S ~ n ( n ,  y)' ! 6 q n  54.0 m 2.391 - 2 -529 doublet 86 .o% 
6 ' ~ n ( n , p )  6 4 ~ u  12.8 h  0 . 5 l l  x 0 . 5 U  coincidence 18.5% 

2 4 ~ g ( n , p )  '"~a 15.00 h  1.369 x 2.754 coincidence 99.65% 

In  order  t o  quen t i t a t i ve ly  determine ur2cnovn t r v l s u r v l i c  elerrent concentrat ions,  i so-  
topes,  o r  chemicd con~gasi t ion from a  mezsurement o f  induced a c t i v i t i e s  i n  pessive metal 
monitors, it i s  necessary t o  c e l i b r a t e  the  technique with known q u c z t i t i e s  o f  t ra~su-ranic  
species under s i m i l a r  e n v i r o n ~ e n t e l  condit ions.  Z? is  can be accomplished by cons t ruc t ing  
mock-up f a c i l i t i e s  v i r t u a l l y  i d e n t i c d  t o  t he  system being monitored end spiked with kno7m 
quan t i t i e s  of  t r v l s u r v l i c  e l ezen t s ,  by mzking rough mock-ups with "bugs" o f  t r ansu ru l i c  e l e -  
ments i n  s t r a t e g i c  l oca t ions ,  o r  by m n i t o r i n g ,  a? analogous xfield system t h a t  has been saa- 
pled azd analyzed i n  the  labora tory  t o  d e t e d n e  i t s  t r ~ r s u - r m i c  element comwsi t ion .  A l -  
though each of  these techniques has  been used successfu l ly  i n  t h i s  work, this paper w i l l  deal  
i n  d e t a i l  with only one o f  t h e  more . v e r s a t i l e  c a l i b r a t i o n s ,  

. . 

The major demand f o r  t h i s  passive ac t iva t ion  technique thus  f a -  h ~ s  been f o r  t he  deter-  
mination of  p l u t o n i m  i n  s o i l s ,  salt calces, and waste t a ~ k s  . Plutoniun monitoring i n  s o i l s  
and sediments is of i n t e r e s t  ' he re  h i &  l e v e l  f i s s i o n  product l i q u i d  wastes hzve leaked from 

., storage tanks o r  where low l e v e l  process s t re -  have fieposited accmula t ions  over the  years .  
Determinations of  plutonium concentrat ions i n  h i &  l e v e l  3 iq11.i d L-astcs o r  s a l t  cakes a re  of  
i n t e r e s t  from a  p o t e n t i a l  c r i t i c e l i t y  s tacdpoin t .  These f i e l d  s i t u a t i o n s  all have the  com- 
mon requirenents  t h a t  t h e  monitoring must be done i n  s i t u  f r o m  dry wells  end i n  g m a - r a y  
f i e l d s  up t o  negarads per  hour. These requirenents  i nada te  the use o f  t he  passive ac t iva t ion  
technique . 

A ca l ib ra t ion  f a c i l i t y  f o r  t'ne above appl ica t ions  has  been constructed from a  sec t ion  o f  
4-foot (1.22 m )  diameter cor-rugated cu lve r t  f i l l e d  with l o c a l  aggregate.  A 6-inch ( 1 5 . 4  cm) 
diameter d r y  wel l  has been i n s t a l l e d  ll.1 a o f f  cen te r  o f  t h e  c u l v e r t ,  m d  f i v e  2% inch 
(5.3 c m )  diameter source tubes a r e  spaced on 12.7, 22.9, 34.9, 48.3, and 61.0 cm centers  
from the  dry wel l .  Figure 1 shows a  top  view o f  t h i s  s o i l  c a l i b r a t i o n  f a c i l i t y .  Nominal 
100 grvn sources of  plutonium oAdes  and f luo r ides  o f  known i s o t o p i c  cornps i t ion  a r e  placed 
i n  the source tubes,  end the  n e t a l  monitors e r e  eicposed to the neutron flux i n  the  aZlJ WCU. 
Induced a c t i v i t i e s  a r e  deternined by gunma-ray s ~ e c t r o m e t r i c  methods. The plutoniun i n  each 
source tube i s  asswied t o  be uniformly d i s t r i b u t e d  throughout a  sphe r i ca l  s h e l l  o f  s o i l  ha-r- 
ing  a mean radius equal t o  t he  source tu5e-dry v e l l  separa t ion  d is tance .  Ey normelizing the  
induced a c t i v i t i e s  from each sphe r i cz l  s h e l l  t o  t h e  plutonium concentrat ion i n  t h a t  s h e l l  end 
summing over all s i m i r ' i c a n t  s h e l l s ,  t h e  r e l a t i o n s h i p  betdeen induced a c t i v i t i - e s  ?ad en "in- 
f i n i t e "  source of  u n i f o d y  d i s t r i b u t e d  ~ l u t o n i u  i s  determined. This method o f  c a l i b r a t i o n  
has been v e r i f i e d  exper imentd ly  f o r  gmtixi r ad ia t ion .  P. germanium diode "down wel l"  probe 
was s imi l a r ly  c d i b r a t e d  using various g2-a-ray sources, normalizing the  da t a  t o  each spher- 
i c z l  s h e l l ,  m d  s - ax ing  all s i g i f i c a n t  s h e l l s  .' Subsequent c a l i b r e t i o n s  of  t h i s  diode i n  a  
la rge  4 i r  f a c i l i t y  f i l l e d  v i t h  unifor2qr spiked s o i l  y i e l s e d  i d e n t i c a l  e f f i c i ency  f a c t o r s .  
me eelils.-atioil  ul" neutron-enlt t ing i so topes  is  com9letely malogous. 

RESULTS 

For the s&e o f  b rev i ty ,  only a  s i n g l e  c d i b r a t i o n  exser inent  i n  t h i s  f a c i l i t y  s r i l l  be 
discussed i 2  Cefz i l .  Ho;recer, the  r e s d t s  of  a l l  o t h e r  c z l i b r a t i o n s  perforzed t o  date a r e  
given. S t  t h i s  t i n e ,  only c a i i ' c r a t i ~ n s  i n  d r y  s o i l  (1.15 z i s t i r e  con ten t )  heve keen ccn- 
pleted.  iiouaver, it is l a x e d  t o  : . . ; .~er ' i  L k s e  ex~erCc.?nts  a t  various s o i l  n o i s t w e  l e v e l s  . . 
up t o  se twa t ion  vr-lxes. g ~ r e  2 shows the t h e r ~ d  ~ e u t r o n  f l . ~ x  s neasured i n  the  b y  
wel l  by co?>er ?-orritoors f o r  3. 98-02 ~ T = D  2 l u t o n i m  oxide sou-ce hev;-ng the  i s o t c p i c  conposi- 
t i on  of  0 . j 3 $  2 3 a ? ~ ,  72.6595 23'?u, 19.373$ 2 4 0 i u r  5.h27; 241p?l, 1.907% 2 4 2 ~ .  226 O.366Z 

'H .  5.  FIielson, I:. ?I. Yogxi? and 2 .  L. 3rodzinsi.i ,  Wucl. I r . s t rn .  I.le+ho& I&, 385 (1977). 





FIGURE 2. T H E R M A L  N E U T R O N  FLUX FROM A P L U T O N I U M  OXIDE 
SOURCE M E A S U R E D  THROUGH VARIOUS THICI(NESSES 
OF DRY S O I L  



'"Am placed i n  each of  the  source t ubes .  ' I n  t h i s  e ~ e r i m e c t ,  a  s i g n i f i c a n t  cont r ibu t ion  
t o  t h e  t o t 2 1  induced a c t i v i t y  was obtained a t  t he  m?,xi;num source-monitor separa t ion  ava i l -  
ab l e ,  zqd it -*-as necessary t o  ex t r apd le t e  t he  da ta  t o  a  d is tance  of  112 cm before the con- 
t r i b u t i o n  becme  l e s s  than  1% o f  the  t o t a l .  This ex t r apo la t i on ,  which amounted t o  20% o f  
t he  t o t a l  i n t e g r a t e d  value,  was necessary due t o  t h e  low moderating capaci ty o f  t he  dry s o i l  
and hence t h e  lozg  rzqge of  the f a s t  neutrons. Ext rapola t ibn  i s  not a n t i c i p a t e d  t o  be neces- 
s a ry  a t  h igher  no i s tu re  l e v e l s  where t he  moderating s b i l i t y  o f  t he  s o i l  v i l l  be g rea t ly  in-  
creased.  The zinc monitor requi red  a  s i i c i l a r  e - x t r a p l a t i o n  which vnounted t o  only 1.7% of  
t he  t o t i l  i n t eg ra t ed  value.  No extrapolat ion was r e ~ L r e d  f o r  t he  magnesium monitor da t a  
because very few col.lisions a r e  requi red  t o  reduce t h e  neutron e n e r a  below the  r eac t ion  
threshold .  

For t he se  c a l i b r a t i o n s ,  t he  monitors were all 15.24 cm d i m e t e r  d i s c s ,  3.175 FLU t h i c k  
fo r  copper and 6.35 rn t h i c k  f o r  z inc  and magnesium. I n  Drac t ice ,  t h e  geometry o f  the  moni- 
t o r  can be t a i l o r e d  t o  s p e c i f i c  needs o r  requirements v i t h  no adverse e f f e c t s .  The only 
necessary cons idera t ion ,  which has been included he re ,  i s  t h e  mount  o f  s e l f ' s h i e l d i n g  pre- 
sen ted  by t h e  monitor. -4n experiment o f f e r ed  i n  proof i n c o r ~ r e t e d  the  'e-qosure o f  a  copcer 
d i s c  "facing" a plutonium source i n  t h e  nea re s t  p o s i t i o n  and v lo the r  a s c '  "edge on1' t o  the  
same source.  ,Both d iscs  y i e lded  i d e n t i c z l  neutron ft-ux=s vhich r e f l e c t s  the  i s o t r o p i c  nature 
of  t h e  mul t ip ly  s c a t t e r e d  neutrons.  Se l f - sh ie ld ing  co r r ec t ions  a r e  normally not  requi red  
f o r  z inc  and magaesium monitors due t o  t h e  low nacroscopic c ros s  s ec t ions  f o r  f a s t  neutron 
i n t e r a c t i o n s .  

. - 

Thermal neutron f l u x  values a r e  r e s e l y  cz l cu l ab l e  from a  determination o f  t h e  quan t i t y  
o f  r eac t ion  p roduc t s . i n  t h e  monitor,  a  knowledge of  t h e  c ros s  s ec t ion ,  and apc l i ca t i on  o f  
s tandard  rad ioac t ive  growkh end decay equat ions.  The s i t u a t i o n  i s  somewhat more complex f o r  
t he  z inc  and magnesium reac t ions ,  however, s i nce  t h e  measured a c t i v i t i e s  a r e  generated by a  
s p e c t r m  of neutron energies  a t  widely vu l j i ng  c ros s  s e c t i o n s .  Therefore, it i s  roost m e f u l  
t o  determine t h e  averzge y o d u c t  o f  i n e  f a s t  neutron f l u x  and the  c ross  s ec t ion  nor-lized 
t o  a u n i t  mass o f  monitor m a t e r i a l .  Such c a l i b r a t i o n s  a r e  d e t e d n e d  from s a t u r a t i o n  ac t iv -  
i t y  d a t a  and &re repor ted  2s t h e  number o f  r eac t ions  pe r  second per  g r a .  

It was found t h a t  t h e  most meaningful method of  expressing plutonium concentrat ion i n  
t he  s o i l ,  a c t i v i t y  c e r  u n i t  volurce, a l s o  produced t h e  most cons i s t en t  r e l a t i o n s h i p  betueen 
sources of d i f f e r e n t  i so top ic  compositions. I n  t h e  second column of  Table 11, t h e  n o r ~ a l -  
i z e d  t h e r n d  neutron f luxes  as ineasured by the  c o p F r  ~ o n i t o r s  a r e  given f o r  one plutonium 
f luo r ide  source and th ree  plutonium o f ide  sources of  d i f f e r e n t  i so top ic  c o m ~ o s i t i o n .  -41~0 
shown i n  t h e  sane column a r e  two thermal f l u x  v i lues  2s measured by the  indium ~ o n i t o r s  f o r  
wr i f i - cz t i on  o f  the  r e l i a b i l i t y  o f  t he  technique. Tvo epithermal  neutron f l u e s ,  obtained 
by enc los ing  t h e  monitor d i s c s  i n  cadmium blankets  during elcoosure, a r e  a l so  given.  It  
should be r ecomized  t h a t  t he  t he r&/ep i the rma  r a t i o s  a r e  r e l a t e d  t o  moderating c q a c i t y  
(moisture l e v e l )  of  the  s o i l  and thus  can be used t o  de te rn ine  the  appropr ia te  s e t  o f  c s l i -  
b r a t i o n  curves i n  s i t u a t i o n s  where s o i l  moisture l e v e l s  carinot be determined e r e c t l y .  In  
t h e  t h i r d  c o l m ~ ,  t he  a c t i v i t y  normalized r eac t ion  r a t e s  f o r  zinc and magnesium monitors 
a r e  given, zqd i n  t h e  l a s t  column, t h e  mgnesium r e a c t i o n  r a t e s  a r e  nornzlizeci t o  t he  2 4 0 ~ ~  

concentrat ion s ince  t h i s  i s  the  only  i so tope  which con t r ibu t e s  t o  reac t ions  i n  t h i s  monitor.  

Agreement be t -~een  t h e  t h r e e  plutonium oxide sources i s  exce l l en t  and average values fo r  
each monitor a r e  shown i n  Table 11. S i x i l a r l y ,  t he  a g e e n e n t  b e b e e n  t h e  oxide and f luo r ide  
source da t a  i s  cons is ten t  v i t h  t h e  p r e a c t e d  (a,n) neutron production r a t e s  i n  t he  two com- 
pounds except i n  the  case of  t h e  nap-es iun   oni it or 6 a t a  which should be inde-sendeni of  csem- 
i c a l  composition s ince  only spon tu~eous  f i s s i o n  neutrons con t r ibu t e  t o  t h i s  r eac t ion .  !IS 
can be seen i n  t h e  t a b l e ,  t h i s  plutonium f luo r ide  scurce y i e l d s  z-ipro-xizately a  f a c t o r  o f  
t h r e e  more high energy neutrons than the  oxi2e sources, 2 ?henomenon which i s  r e a l  and re- 
=ins unexplained. 

This tec:?.n.ic_ue :?a a  p r z c t i c l  de t ec t ion  li.mit 3 f  2.8 nci/cin3 f o r  mcnitoricg t rzzsurzn-  - .  i c  oxides i i i t h  even lswer v?l.lues ir.eaall--aore i n  c e r t a i n  circw.star?ces.  A xord o f  caut ion 
regar.ding :sac?srol~xi zers izezenzs  i s  e d ~ L s a b l c  :here. The r?ornr-1 cosnic-ray neutron f l ux  at 
s e a  l e v e l  i s  W.017 ~ r n - ~ s e c - ' ,  2nd E piece of  c o ? ~ r  t&zn from ;he laboreto?.  s h e l f  v i l l  



Teble 11. Neutron Reactions i n  Meti l  :4onitors f o r  P l u t o n i m  Sources. . . .  
i n  S o i l  Having 1.1% ?.ioisture Content 

Source zqd Ivionitor 

Fes t  Neutron Fast  Neutron 
Resct ions,  Re ac t ions  

( R ' s e c - ' / n ~ i a c m - ~ )  ( ~ - ' ~ e c - ' / r n ~ ~ ~ ~ ? u  ~ r n - ~ )  

Weighted 4-ve. Pu02 
Cu (5.8 i 1 . 5 )  . lo-' 

have a aezsurable i n t r i n s i c  6 4 ~ ~  a c t i v i t y .  I f  i n i s  same piece of copper i s  kept  10 meters 
undergrou~d f a r  a day, t he  6 4 C ~  a c t i v i t y  v i l l  be  s u b s t a n t i a l l y  reduced. It i s  t he re fo re  
necessary when d i n g  very low l e v e l  t r m s u r a n i c  element determinations t o  der ive  ell bzck- 
ground cor rec t ions  based on non i to r s  exposed under s i m i l a r  condit ions bu t  i n  t rznsuranic-  
element f r e e  en%ironments. 

I n  c e r t a i n  ins tances ,  t h i s  technique czn y i e l d  information on the  chemical composition 
of  t h e  t r ansu ran ic  elements ('i . e . ,  metal ,  oxide,  f l u o r i d e ,  e t c .  ) by the  copper/zinc,  copper/ 
magnesium, o r  z i n c / ~ g n e s i u a  r a t i o s .  ' Simi l a r ly ,  it nay be  poss ib l e  t o  de te rv ine  t h e  i so-  
t o p i c  composition of  a  t r z q s w a n i c  source by t h e  magnesium/copper o r  magnesium/zinc r a t i o s .  

This technique h a  been succes s fu l ly  appl ied  t o  t h e  q u a n t i t a t i v e  d e t e m i n a t i o n  o f  plu- 
tonium concentret ions i n  e v a r i e t y  o f  f i e l d  s i t u a t i o n s  zjhere o t h e r  methods o f  ana lys i s  ve re  t 

i aposs ib l e  b e c ~ u s e  of i n r - c c e s s i b i l i t y ,  excessive gm;2 r a d i a t i o n ,  o r  r e a l  p o t e n t i a l  f o r  
I 

eqcipment contz-Anation. Z'lutoniun concent rz t ions  hr-ve been ~ . e z s ~ e d  i n  h igh  l e v e l  f i s s i o n  
product -2zste storr-ge tanks,  i n  c r i b s  a?d t renches  qhich have received elutonim-bearing 
process ef-fluents,  2nd i n  deep sedinents  which received acc iden ta l l y  r e l e s sed  high l e v e l  

I 
f i s s i o n  product -2estes. A g l u t o c i m  I n v e n t o r -  hes been rjerforaed on a  bu i l6 ing  contaminz- 
t e d  during a  f i r e  as e prelude t o  decont&nr-tion e f f o r t s .  l r oces s  eqd i z b r i c a t i o n  boob and 
vzs t e  b a r r e l s  ha-ge been euzkneC z~qd in-;encoricd v i t h  remarkable zccurzcy. In  t he se  l a t t e r  

I 
cases,  z? elenent  of  &reef  i o ~ e l i t y  3.1s i .?%roiuccd by '%cclringM t h c  3onii;o-3 v i t h  cn&rciw.- 
l i n e d  mocierzting c o l l i n = t o r s .  I n  oce ---2ste j z r r e l ,  1 s i z g l e  s l u d  ci' l u t r ?n ium - ~ z s  locr-ted 

I 
t o  v i t h  3 cn, i c e n t i f i e d  es p l u t o ~ i m  o;ciCe, end the  ;-eizht ves predic ted  t o  v i t h i r .  12%. I n  
perhaps che nost  s~ ; ec t ec f i r - r  sT2crocs of the  techr.iszAue t o  2s-te, z hideen of  plu- I 
t o n i m  -42s founi  i n  a  recess  i n  a  channel i r o n  support  S e m  of  a  f l - j r icr- t ion hood being I 

! 



d e c o d s s i o n e d .  The quant i ty  and loca t ion  of  the  plutonium was predic ted ,  and the  da ta  
indica ted  it  t o  be %75$ o-xide 'and ~ 2 5 %  metal.  When the hood was breeched, a p i l e  of  badly 
oxidized plutonium metal shavings which had been generated over a ~ e r i o d  o f  years  by the  
mi l l i ng  m2chine i n  the  hood was recovered from where they had f a l l e n  througlh a crack 2nd 
col lec ted .  The qusnt i ty  recovered was '~12% grea t e r  than predic ted  and from with 8 cm o f  
t he  i d e n t i f i e d  loca t ion .  




