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ISPO Task A-109: Eva lua t ion  o f  Quadrupole Mass Spectrometers as 
On-Site Inspec t i on  Devices 

D. H. Smith, H. S. FtCKown, and J. A. Car te r  

AEaSTRACT 

Two quadrupole mass spectrometers, a Balzers model 311 suppl ied 
by the Pernicka Corpora t ion  and a Finnigan-MAT THQ thermal i o n i z a t i o n  
instrument,  have been evaluated f o r  p o t e n t i a l  a p p l i c a t i o n  as o n - s i t e  
i nspec t i on  devices f o r  use by the I n t e r n a t i o n a l  AtomSc Energy Agency. 
Nei ther  was deemed s a t i s f a c t o r y  f o r  t he  in tended purpose, and f u r t h e r  
re f inement  o f  e i t h e r  ins t rument  w i l l  be necessary before a 
recommendation f o r  a c q u i s i t i o n  can be made. 
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I NTROBUCT I O N  

One o f  the  most i n t r a c t a b l e  problems t h a t  must be addressed by 
inspec tors  o f  the I n t e r n a t i o n a l  Atomic Energy Agency (IAEA) i s  t h a t  o f  
assaying i n p u t  s o l u t i o n s  o f  spent fuel  a t  reprocessing p lants ;  f o r  
uranium and plutonium. This requ i res  determining the  i s o t o p i c  composi- 
t i o n s  o f  bo th  elements i n  a d d i t i o n  t o  t h e i r  concentrat ions.  Mass spec- 
t rometry i s  t he  technique o f  choice fo r  i s o t o p i c  determinat ions,  and, 
through the use of the technique o f  i s o t o p i c  d i l u t i o n ,  can a l s o  address 
the quest ion o f  concentrat ion.  

Timely a c q u i s i t i o n  o f  t h i s  i n fo rma t ion  demands t h a t  such treasure- 
ments be performed o n - s i t e  by I A E A  inspectors.  Because spent f u e l  
so lu t i ons  are h i g h l y  rad ioac t i ve ,  a c q u i s i t i o n  o f  samples f rom them i s  
techn ica l  l y  cha? l e n g i  ng. The use of r e s i n  beads, 1 a rge ly  developed 
here a t  ORNL,1 i s  very appeal ing i n  t h i s  context. Under proper 
cond i t i ons  o f  ac id  and metal concentrat ion,  t h i s  technique al lows 

r e t r i e v a l  o f  uranium and p lu ton ium from the s o l u t i o n s  i n  ques t ion  
w i t h o u t  a lso  c o l l e c t i n g  f i s s i a n  products o r  undes i rab le  h igher  
ac t in ides .  The r e s i n  beads can then be used as a sh ipp ing  medium and 
as veh ic les  f o r  i n t r o d u c t i o n  of the ana ly te  elements i n t o  the mass 
spectrometer f o r  i s o t o p i c  analysis.  

EVALUATION OF PERNICKA-SUPPLIED B A L E R S  QUADRUPOL€ MASS SPECTROMETER 

The combination o f  f a c t o r s  descr ibed above l e d  I A E A  i nspec t i on  
personnel t o  be i n t e r e s t e d  i n  developing ail on-s i te  mass spec t romet r ic  
c a p a b i l i t y  t o  complement e x i s t i n g  a n a l y t i c a l  techniques i n  r o u t i n e  use 
by t h e i r  i nspec t i on  teams. I S P O  funded ORNL t o  eva lua te  quadrupole 
mass spectrometers f o r  t h i s  a p p l i c a t i o n  under Task A-109. Me: used our 
po r tab le  ins t rument  f o r  t h i s  purpose; i t  was a Balzers model 311 and 
was the  nucleus o f  a po r tab le  system assembled t o  our s p e c i f i c a t i o n s  by 
the Pernicka Corporation. It has been ex tens i ve l y  evaluated under 
f i e l d  cond i t i ons ,  and i t s  s t rengths  and l i m i t a t i o n s  were well known to 
us. We have descr ibed our work w i t h  i t  i n  open l i t e r a t u r e  pub l i ca -  
t i o n s *  and have repor ted  our conclusions t o  I S P O e 3  We a lso  
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demonstrated the instrument far I A E A  staff on April 3 and 4 ,  1984. 

They f e l t  t h a t  the instrument addressed a real need, and t h a t  operation 
of the system, while admittedly requiring considerable t echn i~a~  exper- 
t i  se, was w i t h i n  the competence of sui tab’ly t r a i  pled technical ly  

proficient inspectors. As a consequence, they recanmended a further 
six-month evaluation of the instrument to be carried o u t  a t  the I A E A  
1 aboratory near Seibersdorf, Austria. The mass spectrameter was 

delivered t o  t h e m  on loan i n  February, 1985; H. S. McKown o f  ORNL went 

t o  Vienna to  oversee i t s  installation a t  Seibersdorf and t o  jnstruct 

designated IAEA staff i n  i t s  operation. The instrument i s  currently a t  
Seibersdorf undergoing further testing . 

We found the instrument as i t  presently stands n o t  t o  be accepta- 
ble for routine inspection use. As p a r t  of our responsibilities under 
Task A-109, we developed specifications for acquisition of an instru- 

ment t h a t  would do the j o b  i n  better fashion; these specifications are 

i ncluded i n  the Append! x .  O u r  pri ncipal reservations concerning the 

instrument are: 
1. The Balzers model 311 quadrupole mass spectrameter as 

delivered t o  us had i t s  multiplier collector mounted on the optical 

axis of the instrument, which provides line-of-sight cmmunication w i t h  

the ion source and i ts  hot (1700-1800 degrees C.), l i g h t - e m i t t i n g  f i l a -  

ment. This leads to  rapid degradation of the collector by al lowing 

bu i ld -up  of neutral species on the f i r s t  dynode of the electron multi- 

plier t h a t  serves as detector; these neutral species are emitted simul- 

taneously with the ions from the hot  filament. In a d d i t i o n ,  photons 
from the filament impinging  on the f i r s t  dynode lead to a higher-than- 
necessary noise level. We thus recommend t h a t  any system t o  be used i n  

this application have off-axis mounting of the detector. 
2 .  The Balzers quadrupole has a mass range of  300; t h i s  means 

t h a t  u n i t  resolution as defined by Balrers cannot be realized above 
mass 300. This is dangerously close to  the mss range necessary for 
actinide analysis. P l u t o n i u m ,  with i t s  s i x  isotopes i n  the mass range 
238-244, requires base line resolution of i t s  peaks i f  isotopic ratios 

of  the requisite quality are t o  be obtained. Since resolution i s  
usual ly  defined a t  ten percent of  f u l l  height, the maximum resolution 
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o f  the Ba lzers  quadrupole i s  j u s t  bare?y s u f f i c i e n t  under the bes t  o f  
cond i t ions .  Our exper ience showed us t h a t  i t  was extremely d i f f i c u l t  
t o  ma in ta in  those “best-of-condi t i o n s ”  f o r  any extended p e r i o d  a f  time, 
making s a t i s f a c t o r y  ana lys i s  o f  p lu ton ium problemat ic a t  b e s t  and 
camp1 e t e l y  dependent upon having a v a i l  a b l e  a h i g h l y  s k i 1  l e d  and 
experienced analyst .  

There a re  several pu re l y  mass spec t romet r ic  cons idera t ions  t h a t  
also m i l i t a t e  aga ins t  us ing  the e x i s t i n g  instrument. Operation o f  any 
mass spectrometer a t  i t s  maximum r e s o l u t i o n  requ i res  r e j e c t i o n  o f  a 

subs tan t i a l  f r a c t i o n  o f  the  a v a i l a b l e  s i g n a l ;  t h i s  ins t rument  i s  no 
exception, and sample-size s e n s i t i v i t y  i s  s a c r i f i c e d  f o r  the  necessary 
reso lu t i on .  An a d d i t i o n a l  problem i s  encountered due to  the  na tu re  o f  
quadrupole mass Spectrometers: they d i s c r i m i n a t e  aga ins t  ions as a 

f u n c t i o n  o f  i nc reas ing  mass, and when operated near maximum reso lu t i on ,  
they become q u i t e  non- l inear  and unstable. This exp la ins  i n  p a r t  the 
d i f f i c u l t i e s  we had i n  rep roduc ib l y  o b t a i n i n g  s a t i s f a c t o r y  p l  utonium 
resu l t s .  I n  add i t i on ,  we have some evidence t h a t  i n d i c a t e s  t h a t  t h e  
b ias  c o r r e c t i o n  p e r  mass under these cond i t i ons  was n o t  l i n e a r ,  making 
s a t i s f a c t o r y  b i a s  c o r r e c t i o n  impossible. Th is  s t a t e  o f  a f f a i r s  i s  
completely unacceptable. We the re fo re  recommend us ing  a quadrupole 
mass spectrometer w i t h  a h ighe r  r e s o l u t i o n  than t h e o r e t i c a l l y  required. 
We suggest one w i t h  a mass range o f  a t  l e a s t  1000. 

3. The-data system w i t h  our instrument, a Tek t ron i x  model 31, i s  
b a s i c a l l y  a g l o r i f i e d  c a l c u l a t o r  and i s  d i f f i c u l t  and tedious t o  
program. I n  add i t ion ,  i t s  memory i s  q u i t e  s m a l l ,  f u r t h e r  l i m i t i n g  i t s  
f l e x i b i l i t y .  We s t r o n g l y  recommend an IBM personal computer (or 
equ iva len t ) ,  which, i n  a d d i t i o n  t o  being a more powerful and user- 
f r i e n d l y  devise, i s  a lso  s u b s t a n t i a l l y  less expensive than the  
Pek t r o n  ix .  

EVALUATION OF FINNIGAN-MAT TkiQ QUADRUPOLE MASS SPECTROMETER 

A f t e r  we i n i t i a t e d  our  program t o  eva lua te  quadrupole mass 
spectrometers f o r  i s o t o p e - r a t i o  measuring app l i ca t i ons ,  Finnigan 
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MAT, a U. S.-German f i r m ,  developed t h e i r  m d e l  THQ instrument,  which 
i s  j u s t  such a device. A t  the reques t  of the I A E A ,  ISPO funded as p a r t  
o f  Task A-109 an ORNL s t a f f  member t o  evaluate one of the e a r l y  THQ 
models on l oan  t o  them a t  t h e i r  Se ibersdor f  labora tory .  H, S ,  McKown 
of ORNL was a t  Seibersdor f  from Ju ly  22 t o  August 19,  1985, t o  perform 
t h i s  task. He Pound the ins t rument  t o  show promise, but n o t  t o  be a 
f i n i s h e d  commercial product. The inst rument  has some excel l e n t  
features.  I t  i s  w e l l - b u l l  t from mechanical and e l e c t r i c a l  s tandpoints .  
I t  i s  r e l a t i v e l y  s imple t o  operate and, g iven  s u f t a h l e  t r a i n i n g ,  should 
be w i t h i n  the competence o f  a t e c h n i c a l l y  q u a l i f i e d  inspector .  The 
sample-hand1 i n g  sec t i on  was designed around the proven Finnigan-MAT 
t h i r t e e n - f i l a m e n t  carousel  t h a t  has been used wf th  g rea t  success i n  
their MAT-260 and 261 sec tor  mass spectrometers. I ts  pumping system i s  
exce l len t .  There are two de tec tor  systems: an on-axis Faraday cup and 
an o f f - a x i s  secondary e l e c t r o n  m u l t i p l i e r .  The THQ makes use o f  the 
same Ba lzers  quadrupole t h a t  was used i n  our p o r t a b l e  system. Because 
i t  was mod i f ied  f o r  o f f -ax i s  c o l l e c t i o n  of ions, our reserva t ions  
descr ibed i n  number (1) above have been met. It has a Hewlett-Packard 
9816 personal computer as a data system, thus c o r r e c t i n g  the cond i t i on  
descr ibed i n  ( 3 )  above. However, no th ing  has been done about (21, and 
we f e e l  t h a t  the marginal r e s o l u t i o n  may w e l l  have adverse long-term 
consequences. I t  i s  n o t  poss ib le  t o  analyze p lu ton ium on the  borrowed 
inst rument  (Finnigan-MAT has n o t  been l i censed  by the appropr ia te  
a u t h o r i t i e s  t o  handle t h a t  element), so we have no f i r s t - h a n d  exper i -  
ence on which t o  base our conclusions. There i s  no reason t o  be l ieve ,  
however, t h a t  long-term s t a b i l i t y  o f  the inst rument  w i l l  be any b e t t e r  
than the one we evaluated a t  ORNL, 

Some o f  M r .  McKown's rese rva t i ons  concerning the  THQ, descr ibed i n  
h i s  r e p o r t  t o  the I A E A  and conta ined as an appendix i n  h i s  QRNL t r i p  
repor t ,4  should be met by Finnigan-MAT i n  the  normal course of 

events. These inc lude proper  documentation, improved and more l o g i c a l  
l abe l  l i n g  o f  inst rumenta l  components, and more opera t iona l  f l e x i b i l i t y  
fo r  t he  analyst .  For  example, be ing unable t o  change the tu rbo-  
molecular  pump from a "stand-by" c o n d i t i o n  t o  f u l l  pumping speed 
w i t h o u t  f i r s t  going through a shnt-down cycle is a minor inconvenience 



d u r i n g  shor t - te rm development t h a t  becomes h i g h l y  aggravat ing i n  a 
r e a l  -wor ld  envi  ranmerat. I n  a d d i t i o n ,  two improvements he suggested 
should be r e l a t i v e l y  s imple t o  implement. 1) The scanning sequence 
should be mod i f ied  t o  scan f i r s t  up and then down i n  mass; p r e s e n t l y  
o n l y  upward scanning i s  done and in t roduces  b ias  as the sample 
i s o t o p i c a l l y  f r a c t i o n a t e s  d u r i n g  evaporat ion.  Resul ts  are n o t i c e a b l y  
improved when data taken from a g iven iso tope are symmetr ica l ly  
d i s t r i b u t e d  tempora l ly  about t h e  mid- p o i n t  o f  t he  scanning sequence. 
2) C o r r e c t i o n  f o r  background should be modi f ied  so t h a t  i t  i s  c o r r e c t l y  
a p p l i e d  ( o r  i t  should be v e r i f i e d  t o  be c o r r e c t  as i t  stands and 
reasons f o r  i t s  apparent incorrectness i d e n t i f i e d  and corrected) .  

Other problems i d e n t i f i e d  by Mr. McKown are more ser ious and may 
r e q u i r e  s u b s t a n t i a l  development t ime on the  p a r t  o f  Finnigan-MAT i f  
they  are t o  be corrected, 

1. The inst rument  demonstrated a d e f i n i t e  l a c k  o f  s e n s i t i v i t y ,  a 
ser ious  de fec t  i n  an a p p l i c a t i o n  i n v o l v i n g  ana lys is  o f  r a d i o a c t i v e  
samples. Using one microgram samples loaded as s o l u t i o n s  and using a 
Faraday cup de tec tor ,  adequate s igna l  endured just b a r e l y  long enough 
f o r  a f u l l  ana lys is  when on ly  two isotopes were monitored. For  i so tope 
d i l u t i o n  analyses, where t h e  goal i s  t o  use a 233U sp ike  o f  
s u f f i c i e n t  p u r i t y  t o  a l l o w  both t o t a l  uranium and t h e  235U/*38U 
r a t i o  t o  be determined from a s i n g l e  ana lys is ,  a t  l e a s t  t h r e e  isotopes 
(233, 235, and 238) w i l l  have t o  bs monitored, and t h e  r e s u l t i n g  
a n a l y s i s  w i l l  be compromised unless more s e n s i t i v i t y  i s  ava i lab le .  
Usi  ng r e s i  n-bead-1 oaded sampl es and a secondary e l  e c t r o n  mu1 t i p l  i er  as 
de tec tor ,  t h e  s i t u a t i o n  was even worse. F i  ve-nanogram sampl es 
necess i ta ted  reducing t h e  number o f  measurements f o r  a s i n g l e  ana lys is  
t o  o n e - t h i r d  t h e  normal number. 

Wi th  such l i m i t e d  experience, i t  i s  not poss ib le  for us t o  
p i n p o i n t  t h e  cause o f  t h i s  l a c k  o f  s e n s i t i v i t y .  We d i d  not experience 
such problems w i t h  our quadrupole, be ing able t o  analyze samples o f  
uranium and p lu ton ium smal ler  than t h r e e  nanograms on a r o u t i n e  basis.  
Th is ,  however, was a f t e r  we had mod i f ied  t h e  i o n  source t o  op t im ize  i t  
f o r  t h e  s p e c i f i c  app1ication;S t h e  Source prov ided w i t h  the  i n s t r u -  
ment d i d  not y i e l d  adequate i o n  t ransmiss ion.  Even though F i  nni  gan-MAT 
has i n s t a l l e d  a specia l  i o n  source i n  t h e  THO9 i t  i s  poss ib le  they are 

exper ienc ing excessive i o n  loss i n  t h e  e x t r a c t i o n  process. It i s  

These are descr ibed below: 
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p o s s i b l e  t h a t  much of t h e  l a c k  of s e n s i t i v i t y  cou ld  be cor rec ted  by 

adopt ing  a pu lse-count ing  d e t e c t i o n  system. Th is  would be p a r t i c u l a r l y  
impor tan t  f o r  p lu ton ium analyses, where load ings  o f  more than a few 
nanograms c o n s t i t u t e  a h e a l t h  an 

2. Even more d i s t u r b i n g  than t h e  l a c k  of s e n s i t i v i t y  i s  t he  
v a r i a t i o n  o f  apparent bias-correct ion-per-mass w i t h  i s o t o p i c  r a t i o  when 
u s i n g  t h e  m u l t i p l i e r  as detec tor .  Although r e p l i c a t e  measurements o f  
t h e  same standard us ing  s o l u t i o n  load ings  o f  about one microgram met 
t h e  des i red  l e v e l  o f  p r e c i s i o n  (+1.0%), v a r i a t i o n  i n  t h e  b ias  
c o r r e c t i o n  f a c t o r  meant t h a t  accuracy of t h e  determinat ions cou ld  not 
meet t h i s  goal. Measurements of t h r e e  NBS c e r t i f i e d  uranium i s o t o p i c  
standards are summarized i n  t h e  tab le ;  t hey  were analyzed using 
s o l u t i o n  sample load ings  and t h e  secondary e l e c t r o n  m u l t i p l i e r  as 
c o l  1 ec to r .  

r a d i  a t i  on hazard. 

TABLE: Analysis o f  3 NBS Standards Using t h e  M u l t i p l i e r  

235/238 235/238 Bias c o r r ,  
% pe r  mass - reference mea s u red  -- Sample 

U-020 0 .02081 0 .(I2083 0.03 
U-500 0.99970 1 .a237 
U-930 17.349 18.325 

0.8 
1.8 

It i s  obvious from t h e  above t a b l e  t h a t  a simple, l i n e a r  mass 
d i s c r i m i n a t i o n  f a c t o r  cannot be appl ied.  Indeed, i t  becomes d i f f i c u l t ,  
i f  not impossible,  t o  a r r i v e  w i t h  any confidence a t  a b ias  c o r r e c t i o n  
f o r  any sample o the r  than a standard. It i s  poss ib le  t h a t  improper 
c o r r e c t i o n  f o r  de tec to r  dead t ime  ( t h e  l e n g t h  o f  t ime  t h e  de tec to r  i s  
para lyzed a f t e r  r e g i s t e r i n g  a count)  i s  t he  cause o f  these observa- 
t i o n s .  Th is  i s  an i n t o l e r a b l e  c o n d i t i o n  f o r  an a n a l y t i c a l  instrument 
t o  be used f o r  r o u t i n e  analyses and must be co r rec ted  be fo re  f u r t h e r  
e v a l u a t i o n  i s  warranted. 

3. There was no va!ve t o  i s o l a t e  t h e  de tec to r  from t h e  r e s t  o f  
t h e  vacuum system. Th is  means t h a t  t h e  c o l l e c t o r  w i l l  be vented t o  
atmosphere each t ime  any p o r t i o n  o f  t h e  system requ i res  it. T h i s  i s  
p a r t i c u l a r l y  o f  concern because o f  t h e  sample changing mechanism. Each 
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t ime  a carousel con ta in ing  a f r e s h  batch o f  samples i s  introduced, t h e  
source reg ion  must be vented t o  allow access t o  the  carousel-mounting 
hardware; t h e  c a l l  e c t o r  i l l  thus be vented a t  t he  same t ime.  Since 
one must a n t i c i p a t e  t h a t  t h i s  w i l l  be an almost d a i l y  occurrence when 
t h e  instrument i s  i n  operat ion,  t h e  ques t ion  a r i ses  o f  t he  a f f e c t  o f  
such pressure excursions on m u l t i p l i e r  performance. The Ba? zers 
instrument i n  our possession was equipped w i t h  a sample- inser t ion  probe 
t o  circumvent t h i s  problem and because p r e d i c t i n g  sample-load i n  a 
f i e l d  environment i s  an unce r ta in  p ropos i t i on ;  an i n s e r t i o n  probe, 
w h i l e  admi t ted l y  having problems o f  i t s  own, al lows maximum f l e x i b i l i t y  
i n  programming analyses and p ro tec ts  s e n s i t i v e  p a r t s  o f  t he  system from 
r o u t i n e  vent ing.  There are de tec tors  such as channel el ec t ron  mu1 t i- 
p l  i e r  arrays,  t h a t  w i ths tand repeated excursions t o  atmospheric pres- 
sure.  We are not aware, however, o f  eva lua t i on  of these, o r  any s imi -  
1 a r ly  s t a b l e  device, f o r  i s o t o p i c  r a t i o  measurements under cond i t i ons  
o f  repeated c y c l i n g  t o  atmosphere. It may we l l  he t h a t  t h e  detector- 
suppl i ed by F i  nn i  gan-MAT w i  11 s a t i s f y  the  r i  gorous experimental demands 
t o  he placed upon it, but  i t  should be documented over an extended 
p e r i o d  o f  d a i l y  use; we suggest a six-months t e s t i n g  pe r iod  as a com- 
promise between the  i dea l  t ime  o f  several years and what can r e a l i s -  
t i c a l l y  he expected, 

4 .  Lack o f  a ready means o f  mon i to r i ng  temperature was considered 
t o  be a ser ious  handicap i n  an environment where l a r g e  numbers of 

samples are t o  be analyzed. Reproducible s e t t i n g  o f  the  i o n i z i n g  f i l a -  
ment temperature i s  c r u c i a l  t o  o b t a i n i n g  good r e s u l t s ,  and i t  i s  not 
acceptable t o  leave i t  t o  guesswork. We suggest t h a t  t he  so f tware  be 
a l t e r e d  t o  mon i to r  t h e  lB7t?eJ- ion dur ing  f i lament  warm-up. In a 
manner s i m i l a r  t o  F inn igan and VG s e c t o r  instruments,  a des i red  cu r ren t  
o f  t h i s  ion  could then be obtained, i n s u r i n g  reproduc ib le  s e t t i n g  o f  
t h e  temperature. 

CONCLUSIONS 

W E  do not recommend t h a t  t he  I A E A  acqu i re  e i t h e r  iiiass spectrometer 
we evaluated as i t  no stands. The o r i g i n a l  ORNh instrument has 
se r ious  l i a b i l i t i e s  t h a t  would make i t  extremely d i f f i c u l t  t o  use 
s a t i s f a c t o r i l y  i n  the  f i e l d  where a less-than-expert  operator must be 
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an t i c ipa ted .  We fee l  t h a t  a second inst rument  embodying t h e  
recommendations out 1 i ned above, waul d prove t o  be a v i  ab1 e choice . 

The Finnigan-MAT THQ, on the  o the r  hand, w h i l e  c o r r e c t i n g  some o f  
t h e  problems associated w i t h  our inst rument ,  in t roduces new ones and 
1 eaves a major one (adequate r e s o l u t i o n )  unresolved. I f  Finnigan-MAT 
s u c c e s s f u l l y  addresses t h e  problems descr ibed above, t h i s  instrument 
should prove t o  be a va luable t o o l  f o r  safeguards i nspec t i on  app l ica-  
t i o n s .  We s t r o n g l y  urge t h a t  an opera t iona l  inst rument  i nco rpo ra t i ng  
a1 1 des i  red  fea tures  % i n c l  uding a1 1 those recommended i n  t h i s  eval ua- 
t i o n ,  be demonstrated be fare  any long-range commitments are made by the  
I A E A .  Because o f  t he  l i m i t e d  manpower a v a i l a b l e  a t  the  I A E A ,  we f u r -  
t h e r  recommend t h a t  d e t a i l e d  s p e c i f i c a t i o n s  f o r  such an ins t rument  be 
drawn up by ORNL i n  c o n s u l t a t i o n  w i t h  I A E A  s t a f f  and t h a t  we acqui re i t  
f o r  eva lua t i on  a t  ORNL. This cou ld  be any inst rument  t h e  I A E A  desires, 
from a se l f - con ta ined  package inst rument  such as the  Finnigan-YAT THQ 
t o  one assembled from the  necessary components by ORNL. The ex tens ive  
exper ience o f  a v a r i e t y  o f  mass spec t romet r is ts  o f  the ORNL s t a f f  would 
be a v a i l a b l e  f o r  any m o d i f i c a t i o n s  necessary t o  ensure the  success o f  
t h e  inst rument  i n  i t s  intended environment, and we would be happy t o  
work w i t h  representa t ives  o f  t h e  vendor i f  t h a t  proves des i rab le .  

The accumulated exper ience descr ibed i n  t h i s  repo r t  g ives us con- 

f idence t h a t  a successful  and usefu l  t o o l  would r e s u l t  were such an 
agreement t o  be imp1 emented. 
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APPEND I X 

S p e c i f i c a t i o n s  fo r  a Quadrupole Mass Spectrometer t o  Perform On-s i te  
I s o t o p i c  R a t i o  Measurements. 

1 .  

2. 

3 .  

4. 

5. 

6 .  

7. 

8. 

9 .  

10. 

11 0 

12. 

13. 

The system s h a l l  cons i s t  of a quadrupole mass spectrometer, a l l  
assoc iated e l e c t r o n i c  and h igh  vacuum equipment, and a computer- 
based data system complete w i t h  a l l  necessary software. It s h a l l  
be ready f o r  opera t iona l  use a f t e r  i n s t a l l a t i o n  by the  supp l i e r .  

A cryopump s h a l l  be the  main h igh  vacuum pump f o r  t h e  system. 

System pressure dur ing  opera t ion  s h a l l  be < 10-7 t o r r .  

A high-vacuum-interlocked inse r t i on -p robe  o r  o the r  approved 
sampl e-changi ng dev ice s h a l l  be suppl i ed 

Reso lu t ion  o f  t h e  mass spectrometer under normal opera t ing  condi-  
t i o n s  s h a l l  be > 500 (10% v a l l e y  d e f i n i t i o n ) ;  t h e  nominal mass 
range o f  the  inst rument  s h a l l  be 500-700. 

The i o n  de tec t i on  system s h a l l  be of t he  pulse-count ing type w i t h  
pu l se  p a i r  r e s o l u t i o n  o f  l e s s  than 2 ps; t h e  de tec to r  s h a l l  be 
mounted o f f - a x i s  t o  e l i m i n a t e  l i n e - o f - s i g h t  communication w i t h  
t h e  source. 

Sample s ize :  a l l  r e levan t  s p e c i f i c a t i o n s  r e f e r  t o  a 10 ng load-  
i n g  o f  U as a s o l u t i o n  o r  1-3 ng loaded on a r e s i n  bead by t he  
ORNL technique. 

A heated s i n g l e  f i lament  thermal i o n i z a t i o n  i on  source i s  
requ i red  unless s u f f i c i e n t  s e n s i t i v i t y  can be achieved w i t h  a 
mu1 t i p l e  f i l amen t  con f igu ra t i on .  

Sample throughput s h a l l  be > 10 per  day. 

P r e c i s i o n  o f  measurement f o r  t he  r a t i o  235U/238U s h a l l  be 
< 2% f o r  r a t i o s  i n  the  range 1/5 t o  1/100; < 1% f o r  r a t i o s  be- 
tween 1/1 and 1/5. ( p r e c i s i o n  = standard dev ia t ion . )  

The data system s h a l l  be based on an IBM, Hewlett-Packard, o r  
Apple personal computer o r  approved equ iva len t .  It should be 
programmable i n  BASIC, FORTRAN, o r  o the r  approved h igh - leve l  
language. I t  s h a l l  have a dual f loppy d isk  d r i v e  w i t h  a t  l e a s t  
300K bytes o f  a u x i l i a r y  storage. 

Data process ing sof tware s h a l l  be prov ided t o  c a l c u l a t e  i s o t o p i c  
r a t i o s  and standard dev ia t ions ;  p rov i s ions  s h a l l  be made t o  per-  
form iso tope d i l u t i o n  c a l c u l a t i o n s .  

Dur ing data a c q u i s i t i o n ,  background s igna l  s h a l l  be measured and 
used t o  co r rec t  t he  measured mass spec t ra l  i n t e n s i t i e s .  



12 

14.  Source l i s t i n g s  o f  a l l  computer programs s h a l l  be provided. 

15. A l l  necessary j i g s  and d ies  s h a l l  be provided t o  f a b r i c a t e  and 
a l i g n  i o n  source p a r t s  such as f i laments ,  s l i t s ,  and d e f l e c t i o n  
p la tes .  

16. A n o n - f l i c k e r i n g  d i s p l a y  o f  mass spec t ra l  da ta  f o r  t he  cu r ren t  
run  s h a l l  be provided du r ing  data a c q u i s i t i o n .  

17. A hard copy o f  r e s u l t s  s h a l l  be ava i l ab le .  

18. The opera tor  s h a l l  have c o n t r o l  over the f o l l o w i n g  parameters: 

a )  I o n  source f i l amen t  temperature. 
b )  
c ) 
d )  Detec tor  h igh  voltage. 

I o n  source e x t r a c t i o n  and focusing vol tages . 
I o n  accel e r a t  i ng vo? t age. 

19. The operator s h a l l  have a readout ( d i s p l a y )  of t h e  f o l l o w i n g  
parameters: 

a )  System pressure. 
b )  I o n  acce le ra t i on  vol tage. 
c )  Detec tor  h igh  voltage. 
d )  Average count r a t e  a t  t h e  de tec tor .  

20. The system s h a l l  ma in ta in  vacuum i n t e g r i t y  under power f a i l u r e  
cond i t i ons  f o r  a d u r a t i o n  o f  1 hour. 

21. A l l  h igh  vo l tage ( >  500 V )  t o  t h e  system s h a l l  be au tomat i ca l l y  
tu rned o f f  i f  system pressure exceeds 1 t o r r  (133 Pa). 

22. A l l  h i gh  vo l tage,  h igh  power and h igh  temperature components, 
connections and conductors s h a l l  be i n s u l a t e d  o r  fused t o  p r o t e c t  
t h e  opera tor  from acc identa l  i n j u r y  du r ing  opera t ion  o r  t ranspor-  
t a t  ion.  
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