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A B S T R A C T  

The laboratory of the Alaska State Division of Mines and Geology has 
inaugurated a program of routinely checking for radioactivity of virtually 
all samples submitted by the public for identification or analytical work, 
This report describes a routine radioactivity test for "significant" 
radioactivity and a semiquantitative equivalent uranium* analysis. The 
routine survey analysis for "significant" radioactivity is made directly 
on crushed and ground samples in their paper sample bags. This study 
shows that a five second test in our lead shielded, end-window, laboratory 
geiger counter has a minimum detection limit of 0.05% equivalent uranium. 
A semiquantitative radiometric analysis which has an analytical range 
between 0.01% and 2.0% equivalent uranium is also described. The semi- 
quantitative analysis uses about three grams of powdered rock sample pressed 
at 12 tons/sq. inch gage pressure into a 16" pellet. The sample's radio- 
activity is determined directly from this pellet. The radioactivity from 
the sample is compared to that from analyzed standards. The precision of 
the analysis was found to be 10% to 15% of the value when taking 100 to 200 
total counts, which requires about one minute counting time on a 0.1% uranium 
ore sample. 

I N T R O D U C T I O N  

The laboratory of the Alaska State Division of Mines and Geology handles 
hundreds of samples per year by public request for identification and 
analytical work. Because of the simplicity of the radioactivity test, 
the nondescript appearance of some uranium minerals, and because very few 
prospectors routinely make the test, it is thought to be justified for the 
laboratory to test for radioactivity essentially all submitted samples. 

The results of the semiquantitative analysis described are reported in 
terms of equivalent uranium (eU). The analysis is a measure of the total 
radioactivity from the sample as detected by our instrument compared to the 
total radioactivity detected from a sample of known uranium content. How- 
ever, the bulk of the radioactivity from an uranium ore sample is from 
uranium daughter products rather than from the uranium itself. The eU 
analysis presupposes the uranium is in equilibrium with its daughter products. 
The eU analysis may be defined as the amount of uranium, in equilibrium with 
its daughter elements, in an unknown sample that gives the same counting 
rate as that from a known sample (Johnson, 1954, p 238). Thus, the radio- 
metric analysis is not specifically an analysis for uranium, but is an 
analysis for radioactivity. It is expressed in terms of the amount of 
uranium which may be present to give rise to that amount of radioactivity. 
Samples that are found to contain significant radioactivity can be quanti- 
tatively analyzed by X-ray spectrography specifically for uranium. 

*The term "equivalent uranium" implies that this is a broad spectrum 
radioactivity test and is not specific for uranium- 



In making a radiometric ana lys i s  ? t  is important t o  r e a l i z e  t h a t  t h e  process 
of nuclear  f i s s i o n  i s  a random one. I n  any random process t h e  number of 
events  t h a t  occur i n  un i t  t i m e  i s  not necessar i ly  the  same a s  the  number of 
events  t h a t  occur i n  t h e  next u n i t  time. The f rac t iona l  d i f fe rence  between 
a s i n g l e  measurement and t h e  average of a l a r g e  number of measurements is 
t h e  s t a t i s t i c a l  er ror .  The probable e r r o r  between two measurements can be 
s t a t e d  as t h e  standard devia t ion,  Q-- , which is proport ional  t o  t h e  
where N is the  number of events,  counts i n  our case. 6- may be s t a t e d  a s  
r e l a t i v e  o r  percentage e r r o r ,  termed t h e  coef f i c ien t  of v a r i a t i o n  ( Y ) ,  
where = X 100. I n  random processes t h e  p rec i s ion  (repro- 

average value  
d u c i b i l i t y )  of the  measurement obtained is  re la ted  only t o  t h e  number of 
events  recorded, and not i n  any way t o  t h e  t i m e  required t o  monitor t h e  
events. Therefore, t o  obta in  equal  p rec i s ion  of a l l  measurements t h e  
constant  should be "fixed counts", s e l e c t e d  t o  achieve t h e  des i red  pre- 
c i s ion ,  and the  measured va r iab le  should be the  amount of t i m e  required 
t o  accumulate the  counts, Furthermore, t h e  background, which is composed 
of cosmic and any o the r  extraneous r a d i a t i o n  sources and instrument 
e l e c t r o n i c  noise,  is a separa te  v a r i a b l e  and should be es tab l i shed  a s  a 
s e p a r a t e  counting ra te .  Sometimes these  counting r a t e s  are very low and 
requ i re  long counting times f o r  high precision.  To i n d i c a t e  t h e  magnitude 
of these  counting times the  following t a b l e  shows the  number of counts 
needed t o  obta in  the  s t a t e d  r e l a t i v e  precis ion:  

Number of Counts 
Accumulated 

Rela t ive  Er ro r  
% 

Since background and near-background counting r a t e s  may be on t h e  order  
of  less than t e n  counts/min., high p rec i s ion  a t  these  r a t e s  r e q u i r e  con- 
s i d e r a b l e  time to  accumulate t h e  required counts. Efficiency i n  counting 
s t r a t e g y  has been described by Evans (1954, p 22-24). Review of h i s  paper 
is useful .  

E Q U I P M E N T  

The p r i n c i p a l  instrument used i n  t h i s  radiometric analys is  is a Node1 RClA 
lead-shielded, end-window geiger  counter  manufactured by t h e  Nucleonic 
Corporation of America, Brooklyn, New York. The Plodel RClA counter  in- 
c ludes  a count accumulating device, This provides f o r  e s t a b l i s h i n g  a 
counting r a t e  by dividing t h e  accumulated number of counts by t h e  time 
required  t o  accumulate t h e  counts. Cosmic and other  extraneous sources 
of r a d i a t i o n  are small because of t h e  heavy lead sh ie ld  around t h e  counter. 

The rock sample is pulverized t o  p r i n c i p a l l y  minus 200 mesh by any s u i t a b l e  
gr inder .  We use a Braun pulver izer  a f t e r  reducing the  sample t o  minus 4" 
with  a jaw crusher. 



The amount o f  r a d i o a c t i v i t y  measured from a sample depends on severa l  factors 
which inc lude  the  volume of sample, t h e  sample-to-counter geometry, and t h e  
concentra t ion  o f  the  radioact ive  elements. A very rapid,  ye t  adequate, 
method o f  c o n t r o l l i n g  these f ac to r s  f o r  a semiquant i ta t ive  ana lys i s  is t o  
prepare t h e  sample as though f o r  an X-ray spectrographic analysis .  The 
powdered sample i s  placed i n  a li$" diameter thin-walled aluminum cup (Spec - 
cap*), The cup and contained sample are both pressed i n t o  a durable p e l l e t  
using 12  tons/sq. i n .  pressure i n  a Carver l b d e l  20000-82 hydraulic  press .  
Samples and standards a r e  both s i m i l a r l y  prepared so  the  counting rates of 
the  samples can be compared t o  the  counting r a t e s  of  the  analyzed s tandards .  
This pressed p e l l e t  method s tandardizes  t h e  sample-to-geiger-rube geometry 
and reasonably w e l l  reproduces sample volumes. For simple survey work t o  
i d e n t i f y  samples wi th  "signif icant"  r a d i o a c t i v i t y  powdered sample i n  paper 
bags of approximate constant volume provides adequate control .  

An important c h a r a c t e r i s t i c  of a geiger-mil ler  tube is the  impressed voltage.  
The d e t e c t o r  s e n s i t i v i t y  is  dependent on the  voltage,  but is not  l i n e a r l y  
dependent, The curve of counter s e n s i t i v i t y  versus increasing vol tage  
forms a s t e e p  s lope ,  follcwed by a p la teau ,  and then another s t e e p  slope. 
For good opera t ing  s t a b i l i t y  i t  is necessary t o  use  a voltage i n  t h e  mid- 
range of  t h e  p l a t e a u  por t ion  of the  curve. I n  t h i s  voltage range only 
small changes i n  s e n s i t i v i t y  r e s u l t  from normal vol tage  f luc tuat ion .  A t  
present  t h e  optimum operat ing voltage f o r  our  counter is 1130V. This 
vol tage  can vary a s  vacuum tubes and o t h e r  e l e c t r o n i c  components age, and 
the  vo l t age  must be checked from t i m e  t o  t i m e .  

E X P E R I I . l E N T  A N D  R E S U L T S  

RCIUTINE SURVEY ANALYSIS 

Our need is f o r  a survey analys is  t o  d e t e c t  s i g n i f i c a n t  q u a n t i t i e s  of 
r a d i o a c t i v i t y  i n  a minircwn of t e s t i n g  t i m e .  Standard samples of powdered 
o r e  of known uranium content t h a t  a r e  s i m i l a r  i n  volume t o  normal l abora to ry  
samples w e r e  used. The standard samples a r e  simply powdered ore i n  paper 
sample bags each weighing approximately 200 grams and a r e  s imi la r  t o  t h e  
powdered r o u t i n e  labora tory  sample. These s tandard  samples ranged i n  U 
values  from 0.005% t o  2.0%. The s tandards  were successively placed i n  t h e  
counting chamber and counted f o r  one minute. Background counting level 
was es tab l i shed  wi th  no sample i n  t h e  counting chamber. Each s tandard  
sample was run t h r e e  times. The r e s u l t s  a r e  shown i n  t a b l e  1. 

It is seen from the  t a b l e  t h a t  the  0.05% U sample which w e  accepted a s  t h e  
lower p r a c t i c a l  U l e v e l  t o  be of i n t e r e s t  f o r  o r e ,  gave a counting r a t e  
about e i g h t  times the  background count. Using a minimum f i v e  second counting 
time, background should y ie ld  four t o  s i x  counts. 

*Spec I n d u s t r i e s ,  Inc. , kletuchen, N,  J. , 08841, Catalog iqo. 3619. 



To t e s t  the rout ine  f i v e  second count procedure background, 0.01% U ,  and 
0,05% U samples were each counted ten times f o r  f i v e  second in te rva l s  with 
the r e su l t s  shown i n  t ab l e  2. The standard deviation of t h e  f ive  second 
count a t  0.05% U is 1.1 count, the mean is 4.7. With background being 
zero or  one count w e  have 99% confidence of detect ing 0.05% U above back- 
ground with a f i v e  second count. The above da ta  confirm the  va l i d i t y  of 
the  f i ve  second count. 

TABLE 1 

COUNTING RATE ON APPROXIMATELY 100 GRAMS 
OF POWDERED ANALYZED STANDARDS 

Counting Rate 
Sample Counts lllin. Comment 

3 One Min. Runs 

No Sample 6, 10, 8 Background 

Above 1% the  
counter was 

"chokedw* 

*"Choking" means tha t  the closeness of a r r i v a l  of radio- 
a c t i v i t y  pulses was higher than t h e  e lec t ron ic  curcuitry 
of the  instrument could resolve and r e g i s t e r  a s  individ- 
ual counts. I f  coincident a r r i v a l  becomes su f f i c i en t ly  
high the  geiger tube can go into a s t a t e  of continuous 
discharge and no counts a r e  registered.  



TABLE 2 

TOTAL COUNTS OBTAINED IN 5 SECONDS ON 
APPROXIMATELY 100 GW4S OF 0.05% U 

Background 
(No Sample) 0. 01%U 0. OSW 

The following procedure is recommended fo r  the rout ine  rapid radioact ivi ty  
test : 

1. Turn on geiger counter and allow 15 minutes t o  warm up. 

2. With a 1% eU standard i n  the  counting chamber confirm the proper 
counter plateau voltage. This w i l l  be between 1100 and 1200V; a t  
t h i s  t i m e  1130V is used. 

3. Move "Countt' switch t o  off  posit ion and press the  "Reset" button t o  
negate any p a r t i a l  counts i n  the  counter c i rcu i t ry .  

4. Set  count accumulator t o  zero. 

5. Li f t  the "Count" switch t o  begin the count. Accumulate counts fo r  
f i v e  seconds and read the  accumulated counts. I f  t h e  accumulated 
count value is three  o r  more s e t  the sample as ide  f o r  fu r ther  t e s t h g ,  
otherwise the  sample can be reported as containing less than 0.052 
equivalent uranium. 

6. For those samples yie lding th ree  o r  more counts i n  f i v e  seconds a new 
count of one minute duration comparing to  one minute counts on back- 
ground and one minute counts on each of t he  O.Ol%U and the  O.OS%U 
should be made. If  t h i s  t e s t  indicates  rad ioac t iv i ty  on the  order of 
0.05% eU or grecter the ~ z m p l e  should then be run by t he  semiquantitative 
radiometric procedure f o r  eU. 

-5- 



SPNIQUANTITATIVE EQUIVALENT URANIUM ANALYSIS 

Powdered samples of analyzed uranium ores  were prepared by loosely filling 
t h i n  walled Spec - Caps l eve l  f u l l  with standard sample. The cup and 
contained sample were than pressed i n t o  a th in  14" diameter pe l l e t .  The 
pressing was done by placing the  cup and sample i n  a s u i t a b l e  d i e  and 
preseing a t  12 tons/sq. in.  gage pressure i n  a hydraulic press. 

The counting r a t e  on each of the  standards was obtained using one minute 
counting time. Table 3 shows these data. 

To obtain  a measute of precis ion five p e l l e t s  were pressed from the  O.l%U 
sample. Each of the f i v e  p e l l e t s  were counted three times f o r  one minute 
in te rva l s .  These data are shorn i n  t a b l e  4. 

TABLE 3 

COUNTING RATE DATA OBTAINED FOR THE 
SmIQUANTITATIVE EQUIVALENT 

URANIDI ANALYSIS 

Counting Rare, 
Sample Counts/blin. Coolaant 

(Three Runs) 
-J 

No Sample 6, 10,  8 Background 



TABLE 4 

PRECISION STUDY DATA OF 0.1% 
URANIDS SAMPLE 

P e l l e t  Counting Rate, Counts/f.lin. 

Run 1 Run 2 Run 3 Average 

Average 
Counting 31 
Rate 

There is approximately equal var ia t ion  among p e l l e t s  and among separate runs 
oa a single p e l l e t  which probably means t h e  counting e r ror  i s  as grea t  ae 
the sampling error.  The standard deviat ion on Run two, for example, is 

4 5 3 counts/min. (x = individual deviation3 f r an  

the mean). A measure of the  ana ly t ica l  e r r o r  can be made by subtracting 
the  e ight  cpm (counts/min.) background from the  31 cpm fo r  0.1% U,  which 
gives 23  cpm/ 0.1% U. The 3 cpm standard deviation is then calculated t o  
equal 0.01X U. An analysis i n  the  0.1% U concentration range, as indicated 
from the  above test, would yield a precis ion of 10% of the  reported value. 
This is an acceptable semlquantitative analysis f o r  our application. The 
precision could be improved by taking a l a rge r  number of counts. After 
confirming s ign i f ican t  eU the sample can be analyzed by X-ray spectrography 
for a more precise  end specif ic  value. 

The recommended procedure for the  semiquantitative analysis is as follows: 

1. Reduce the s m p l e  t o  pr incipal ly  minus 200 meeh. 

2. F i l l  a Spec-Cap with loose powder t o  l e v e l  f u l l .  

3. Press t he  cap and sample i n t o  a p e l l e t  at  12 tons/sq. in. gage pressure 
i n  a su i t ab l e  d i e  and hydraulic press. 



4, Allow t h e  counter t o  warm up and s t a b i l i z e  for 15 minutes. 

5. Establish t h s  geiger plateau voltage, probably 1100 t o  1200V. 

6. Determine the counting rates from the prepared standards by accrroulatixag 
no fewer than 100 counts, preferably 200 to  500 counts. 

7, Determine the counting rates on the unknown samples, accumulating total 
counts equal t o  those taken on the standards. 

8. Compare the counting ra tes  obtained on the unknowns t o  an analyt ical  
curve drawn from uranium concentration versus counting rate obtained 
on the  standards. 

9. It Is advisable to analyze each unknown sample in  duplicate. The 
value obtained is reported as "equ!.valent uranium" with an estimated 
precision of 10% of the value. 
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