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Enviromnental monitoring at Atomics In te rna t iona l  i s  

performed by t he  Health Physics Unit of t he  Health and 

Safety Section. So i l ,  vegetation, water, and a i r  a r e  

rout inely  sampled up t o  a distance of 10 miles from 

Atomics In te rna t iona l  property. The environmental 

r ad ioac t iv i ty  reported herein i s  a t t r i bu t ed  t o  

na tu ra l ly  occurring f luctuat ions ,  not t o  Atomics 

In te rna t iona l  operations. 
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Atomics Internat ional ,  a Division of North American Aviation, 

Incorporated, has been engaged i n  atomic energy research and development 

s ince  1946. The Company designs, develops, and constructs  nuclear reactors  

f o r  c e n t r a l  s t a t i o n  and compact power p lan t s  and f o r  medical, i ndus t r i a l ,  

and s c i e n t i f i c  applicat ions.  

The company occupies modern f a c i l i t i e s  i n  Canoga Park, Cal i fornia ,  

approximately 23 miles northwest of downtown Los Angeles (Figure 1). The 

290-acre Nuclear Development F ie ld  Laboratory (Figure 2), equipped with 

extensive t e s t i n g  f a c i l i t i e s  f o r  t he  support of advanced nuclear s tud ies ,  

i s  located i n  the  Simi H i l l s  of Ventura County approximately 29 miles 

northwest of downtown Los Angeles. The locat ion of the  above s i t e s  i n  

r e l a t i on  t o  nearby communities i s  shown in Figure 3. 

The bas ic  concept of radiological  hazard control  a t  Atomics 

In te rna t iona l  requires t o t a l  containment of radioact ive  mater ia ls  and, 

through r i g i d  operational  controls ,  minimizes e f f luen t  re leases  and 

ex te rna l  r ad ia t ion  levels .  The environmental monitoring program provides 

a check on t h e  effect iveness  of the  company's radiological  s a f e ty  proce- 

dures and of engineering safeguards incorporated i n t o  f a c i l i t y  design. 

The environs of Atomics In te rna t iona l  Headquarters and t he  Nuclear 

Development F ie ld  Laboratory ( NDFL) a r e  surveyed monthly t o  determine 

the  concentration of rad ioac t iv i ty  i n  t y p i c a l  surface s o i l ,  vegetation, 

t e r  samples. Also, continuous environmental a i r  monitoring at  t h e  

s i t e s  provides in fo  t i o n  concerning airborne s t i c u l a t  e rad ioac t iv i ty .  

This repor t  s r i z e s  environmental monitoring r e s u l t s  f o r  t h e  last six 

months of 1964 and compares t he  data  i t h  previous years. 

pled monthly. Sampling s t a t i o n s  located 

i t h i n  t h e  bounda n t e rna t i ona l ' s  s i t e s  a r e  re fe r red  t o  a 

s ta t ions ,  located i t h i n  a 10 mile 

i t e "  s t a t i o n  

RClDIOACTIVrTY DATA - 1964 

The average r t i v i t y  concentration o i l  vegetat ion 



I, b . PZOMTHLY AVERAGES 

S i t  

Sit 

ram 

VEGETATION RADIOACTIVITY DATA - 1964 
I1.a. SENIANNUAL AVERAGES 

11,b. MONTHLY AVERAGES 



t e r  used at t h e  NDFL i s  obtained from 

in 50,000 gallon tanks. Potable water i s  delivered t o  t h e  s i t e  by a 

alyzed, Well water i s  sampled monthly from t h e  

supply system a t  t o locat ions ,  The average wel l  water rad ioac t iv i ty  

is  presented in Table 111, 

TABLE I11 
WELL WATER RADIOACTIVITY DATA - 1964. 

II1.b. - MONTWLY AVERAGES 

Soi l ,  vegetation, and water a r e  sampled monthly a t  Chatsworth 

Reservoir, which i s  operated by the  Los Angeles City Department of 

Water and Power. S o i l  and vegetation rad ioac t iv i ty  data  f o r  t h e  

rese rvo i r  a r e  averaged i n t o  data presented in Tables I, 11, V I ,  and V I I .  

The average rad ioac t iv i ty  concentration i n  surface and supply water 

samples i s  presented i n  Table I V .  

TABLE I V  
CHATSWORTH RESERVOIR WATER RADIOACTIVITY DATA - 1964. 

1V.a. - SEXIANNUAL AVERAGES 



1V.b. - MONTHLY ATlERuGES 

++ No samples due t o  d ry  r e s e r v o i r  

Sampling of environmental a i r  f o r  p a r t i c u l a t e  r a d i o a c t i v i t y  i s  performed 

a f t e r  a 72-hour decay period, f o r  long-lived r ad ioac t iv i ty .  The average 

concentrat ion of long-lived be ta  emi t t e r s  i s  presented i n  Table V. 

TABLE V 
AIRBORNE RADIOACTIVI.TY DATA - 1964 

SEMImNUAL AVERAGES 

Tables I and I1 show increase ,  during t h e  last s i x  months of 196.4, i n  alpha 

r a d i o a c t i v i t y  and a considerable decrease i n  b e t a - g m a  r a d i o a c t i v i t y .  

Table I11 shows t h a t  NDFL l w a t e r  r a d i o a c t i v i t y  increased during t h e  l a s t  

six months of t h e  year .  Table I s t h a t  alpha radioactivity i n  Chats 

s e r v o i r  l ake  su r face  and supply water  increased and t h a t  beta-gamma r a d i o a c t i v i t y  

decreased during t h e  same period. Reservoir t e r  o r i g i n a t e s  a s  run-off from t h e  

S i e r r a  Mountains a t  a considerable d i s  ce from t h e  l o c a l  a rea ,  and, s ince  both 

NDFL w e l l  water  c t i v i l i e s  a r e  s imi la r ,  t h e  radio- 

not  a t t r i b u t e d  t o  Atomic I n t e r n a t i o n a l  opera t ions ,  

s decreases in averaged a i r b o  e r ad ioac t iv i ty .  This  

decrease i s  a t t r i b u t e d  t o  a reduction i n  f a l l o u t  from nuclear  eapons t e s t  ing. 

B, COMPARISON OF E NTAL RADIOACTIVITY DATA FOR 1964 WITH PREVIOUS YEARS 

This sec t ion  s m a r i z e s  t h e  environmental monitoring r e s u l t  

calendar yea r  1964, Also, t h e  nual  averages f o r  t h e  years  1957 through 1963 

a r e  included f o r  comparison. 'I' u a l  r a d i o a c t i v i t y  in s o i l  

vegeta t ion  i s  p r  sented in Tables VI 



TABLE V I  
S O I L  R A D I O A C T I V I T Y  DATA - 1 9 5 7  THROUGH 1 9 6 L  

V 1 . b .  - BETA-GAMMA R A D I O A C T I V I T Y  

TABLE VII 
VEGETATION R A D I O A C T I V I T Y  DATA - 1 9 5 7  THROUGH 196k 



The annual r a  i o a c t i v i t y  average in NDFL wel l  water i s  presented 

i n  Table VIII. 

TABLE VIII 

The annual rad ioac t iv i ty  average imz Chatsworth Reservoir water 

i s  presented i n  Table I X .  



Some of t h e  d a t a  presented i n  Tables  I, 11, 111, I V ,  V I ,  V I I ,  

V I I I ,  and I X  a r e  presented as a range i t h i n  which l i e s  t h e  t r u e  

average. This  i s  necessary  hen one o r  more of t h e  samples con ta ins  

an "undetec tab leu  amount of r a d i o a c t i v i t y .  I n  t h e s e  in s t ances ,  two 

values a r e  determined. The 1 e s t  assumes t h a t  t h e  r iundetec tab le ' r  

samples con ta in  no r a d i o a c t i v i t y ;  t h e  h ighes t  assumes t h a t  t h e s e  

samples con ta in  r a d i o a c t i v i t y  equal  t o  t h e  app ropr i a t e  minimum 

d e t e c t i o n  l i m i t  s p e c i f i e d  i n  Table X I I .  

The annual  average concent ra t ion  of a i rbo rne  r a d i o a c t i v i t y  at 

Headquarters and t h e  NDFL i s  presented i n  Table X. 

TABLE X 

Decreased beta-gamma r a d i o a c t i v i t y  i n  a l l  sample types  dur ing  

1964 i s  apparent  from Tables V I ,  V I I ,  V I I I ,  I X ,  and X, Alpha radio-  

a c t i v i t y  may have increased  s l i g h t l y  except f o r  Chatsworth Reservoir  

water  in which it decreased,  A s  i nd i ca t ed  i n  t h e  d i scuss ion  of d a t a  

f o r  t h e  last ha l f  of 1964, t h e  r a d i o a c t i v i t y  de t ec t ed  dur ing  1964 i s  

not  a t t r i b u t e d  t o  Atomics I n t e  a t i o n a l  opera t ions ;  r a t h e r ,  it i s  

f e l t  t o  have been produced a f t e r  September 1, 1961 by nuc lea r  

de tona t ions .  



I1 ENVIRONMENTAL MONITORING PROG 

A .  GENERAL DESCRIPTION 

S o i l  and vege ta t ion  sample c o l l e c t i o n  

i n  1952 i n  t h e  D ey,  C a l i f o r n i a  a r e a  

loca ted .  Environmental sampling as subsequent ly extended t o  t h e  

proposed Sodium Reactor Experiment (sRE) s i t e  i n  May of 1954, I n  

a d d i t  i on ,  sampling s conducted i n  t h e  Burro F l a t  a r ea ,  southwest of 

he re  many r a d i o l o g i c a l  i n s t a l l a t i o n s  a r e  c u r r e n t l y  i n  operat ion.  

The Domey a r e a  survey as terminated when t h e  company r e loca t ed  t o  

Canoga Park, The primary purpose of t h e  environmental monitoring 

program i s  t o  adequate ly  survey environmental r a d i o a c t i v i t y  t o  ensure 

t.liat Ahmics  In t e rna t iona l .  opera t ions  do not  c o n t r i b u t e  measurably t o  

environmental r a d i o a c t i v i t y .  

A r ecen t  s tudy  of pas t  d a t a  showed t h a t  t h i s  purpose could be 

achieved wi th  a l e s s  exbensive environmental monitor ing program than  

e x i s t e d  u n t i l  J u l y ,  1964. Therefore,  beginning wi th  t h a t  month, t h e  

number of sampling s t a t i o n s  as reduced considerably,  as ind ica t ed  

i n  t h e  d a t a  t a b l e s  in t h i s  r epo r t ,  The l o c a t i o n  of sampling s t a t i o n s  

i s  shown in Figures  4, 5, 6 and 7, and in Table X I .  











TABLE X I  

SAMPLE STATION LOCATIONS 

STATION 

W R.D. 

W 6 

W 7 
W 11 

w 12 

13 

w u 

SRE Reactor, NDFL 

SRE Perimeter Drainage Ditch, NDFL 

Bldg, 064 Parking Lot, NDFL 

Bldg. 020, NDFL 

Bldg. 0363, NDFL 

Rocketdyne, E L  

Santa Susana S i t e  Access Road 

KEWB Reactor, NDFL 

Sodium Cleaning Pad, NDFL 

Canyon Below Bldg. 022, NDFL 

Santa Susana S i t e  Entrance 

Headquarters 

DeSoto Avenue and Plummer S t r e e t  

Nordhoff S t r e e t  and Mason Avenue 

DeSoto Avenue and Parthenia S t r e e t  

Canoga Avenue and Nordhoff S t r e e t  

Simi Valley, Los Angeles Avenue and Sycamore Road 

Agoura 

Calabasas 

Non-Radioactive Mater ia ls  Disposal Area, NDFL 

Chatsworth Reservoir - North Side  

Adjacent t o  Bldg. 029, NDFL 

Burro F l a t  Drainage Control Pond G. S t .  and 
17th S t . ,  NDFL 

Be l l  Canyon Be1 Rocketdyne Delta  Pond 

SRE Retention Dam, NDFL 

Rocketdyne Retention Reservoir,  PFL 

e l l  Water From E,T.B., NDFL 

a t e r  From Bldg, 363, NDFL 

Rocketdyne Retention Reservoir,  PFL 

Rocketdyne Retention Reservoir,  PFL 

Burro F l a t  Drainage Control Pond, G. S t r e e t  
d 17th  S t r e e t ,  

Burro F l a t  Drainage Ch 
383, (Col lec t  

d 100 a reas )  

o i r ,  South S i  

o i r ,  Supply I n l s  

16 



B. SAMPLING AND PElEPARATION METHODS 

SOIL 

Surface  s o i l  t ypes  a v a i l a b l e  f o r  s piing range from decomposed 

g r a n i t e  t o  c l a y  an  loam. Samples a r e  taken from t h e  t o p  $-inch 

l a y e r  of ground su r f ace .  The s o i l  samples a r e  packaged and sea led  

i n  p l a s t i c  con ta ine r s  and r e t u  ed t o  t h e  l abo ra to ry  f o r  ana lys i s .  

a r a t i o n  c o n s i s t  s f e r r i n g  t h e  s o i l s  t o  pyrex 

g i n  a muff le  furnace  at 500°C f o r  approximately 

8 hours. Af t e r  cool ing,  t h e  o i l  i s  s ieved  t o  o b t a i n  a u n i f o m  

p a r t i c l e  s i z e -  One-gr a l i q u o t s  of t h e  s i e v e  

and t r a n s f e r r e d  t o  s t a i n l e s s - s t e e l  p l  che t s ,  The s a i l  i s  wetted 

in t h e  planchet  acetone,  a g i t a t e d  t o  ob ta in  uniform sample 

th i ckness ,  re-dr ied,  and counted. 

Vegetation sam l e s  obta ined  i n  t h e  f i e l d  a r e  of t h e  same p l an t  

herever  poss ib l e ,  g e n e r a l l y  sunflower o r  i l d  tobacco p l a n t  

leaves .  These types  maintain a rxore a c t i v e  growth r a t e  during t h e  

d r y  season than  does most n a t u r a l  vege ta t ion  indigenous t o  t h e  l o c a l  

a r e a ,  Vegetat ion l eaves  a r e  s t r i p p e d  from p l a n t s  and placed in i c e  

cream ca r tons  f o r  t r a n s f e r  t o  t h e  l abo ra to ry  f o r  a n a l y s i s .  P lan t  

r o o t  systems a r e  no t  r o u t i n e l y  sampled, 

Vegetation samples a r e  f i r s t  washed wi th  t a p  water  t o  remove 

fo re ign  mat te r ,  and then  thoroughly r in sed  i n  d i s t i l l e d  water .  

Washed vege ta t ion  i s  placed i n  porce la in  c r u c i b l e s  and ashed i n  a 

muffle  furnace  a t  500°C f o r  approximately e i g h t  hours,  producing 

a completely oxid ized  ash ,  Three-hundred mi l l ig ram a l i q u o t s  of 

pu lver ized  ash  from each c r u c i b l e  a r e  

s t a i n l e s s - s t e e l  p lanchets  f o r  counting, 

WATER 

Samples of w e l l  t e r  a r e  obtained monthly a t  t h e  NDFL and 

a t e r  i s  a l s o  obtained from t h e  Chatsworth Reservoir ,  The water  

i s  drawn i n t o  1 - l i t e r  polyethylene b o t t l e s  an  

t h e  l abo ra to ry ,  



Five-hundred m l .  of water  i s  evaporated t o  dryness in  c r y s t a l l i z i n g  

d i shes  a t  approximately 90°C. The res idue  s a l t s  a r e  t r a n s f e r r e d  t o  

s t a i n l e s s - s t e e l  planchets ,  i t h  d i s t i l l e d  water  t o  produce a 

uniform sample d i s t r i b u t i o n ,  re-dried under inf ra- red  lamps, and 

counted. 

A I R  

Environmental a i r  sampling i s  conducted continuously a t  t h e  

Headquarters and NDFL s i t e s  with automatic a i r  samplers operat ing on 

2&-hour sampling cycles.  Airborne p a r t i c u l a t e  r a d i o a c t i v i t y  is  

co l l ec ted  on a f i l t e r  t ape  which is  automat ica l ly  changed a t  t h e  end 

of each sampling period. The f i l t e r  i s  removed from t h e  sampler and 

counted a f t e r  t h e  r a d i o a c t i v i t y  i s  allowed t o  decay f o r  a t  l e a s t  72 hours. 

The volume of a t y p i c a l  d a i l y  environmental a i r  sample i s  approximately 

2 1  cubic meters.  The minimum de tec t ion  l i m i t ,  which v a r i e s  somewhat 

between samplers due t o  d i f f e rences  i n  a i r f low,  i s  on t h e  order  of 
3 0.02 UUC/M . 

When abnormally high a i rborne  a c t i v i t i e s  a r e  observed, t h e  radio-  

a c t i v i t y  decay is  p l o t t e d  t o  determine t h e  presence of short- l ived 

i so topes  o t h e r  than  n a t u r a l l y  occurr ing radon, thoron, and daughters.  

If f a l l o u t  i s  suspected, t h e  decay c h a r a c t e r i s t i c s  a r e  observed f o r  a 

period of from s e v e r a l  days t o  s e v e r a l  weeks. I f  t h e  r a d i o a c t i v i t y  
-1.2 decays a s  a funct ion  of t , t h e  d a t a  curve i s  ext rapola ted  in order  t o  

determine t h e  d a t e  of o r ig in .  This  d a t e  is  compared with t h e  d a t e s  of 

publicized nuclear  de tonat ions  t o  determine i f  t h e  abnormal a i rborne  

r a d i o a c t i v i t y  was caused by such de tonat ions ,  

A graph of long-lived a i rborne  r a d i o a c t i v i t y  concent ra t ions  

de tec ted  a t  t h e  Headquarters f a c i l i t y  during 1961, 1962, 1963 and t h e  

1964 repor t ing  period i s  presented in Figure 8. Airborn? r a d i o a c t i v i t y  

concent ra t ions  present  subsequent t o  t h e  nuclear  weapons t e s t s  s e r i e s  i n  

1958 had decreased t o  r e l a t i v e l y  i n s i g n i f i c a n t  l e v e l s  u n t i l  t h e  resump- 

t i o n  of atmospheric t e s t i n g  of nuclear  weapons by t h e  USSR i n  t h e  f a l l  of 

1961. The graph sh s a rapid  inc rease  Prom mid-September t o  Movember, 1961. 

Concentrations during 1962 decreased considerably by t h e  end of June 



and remained low u n t i l  mid-October when t rans ien t  peaks occurred and 

continued through July, 1963. Currently, airborne rad ioac t iv i ty  

concentrations a r e  remaining low with l i t t l e  d a i l y  var ia t ions .  

Also indicated on t he  graph a r e  days on which r a i n f a l l  was  

recorded at  t he  Headquarters f a c i l i t y  weather s ta t ion.  This 

i l l u s t r a t e s  t h e  e f fec t  of p rec ip i ta t ion  on airborne rad ioac t iv i ty  

levels .  I n  general,  during periods of p rec ip i ta t ion  t h e  airborne 

rad ioac t iv i ty  decreased somewhat due t o  the  combined e f f ec t s  of 

par t i cu la te  removal from the  a i r  by r a i n f a l l  and wind conditions 

associated with precipi ta t ion i n  t h e  l oca l  area. 



RAINFALL RECORDED ON DAYS I 
INDICATED 

JAN 

U.S.S.R. NUCLEAR TESTS COMMENCED 

t U.S. NUCLEAR TESTS COMMENCED 

t CUN DERGROUND) 

FEB MARCH APRIL MAY J U N  JULY AUGUST SEPT OCT 

LONG LIVED Al RBORNE =ARTICULATE RADIOACTIVITY 

ATOMICS INTERNATIOIAL HEADQUARTERS- I961 

5 10 15 2 0 2 5  5 1 0 1 5 2 0 2 5  
NOV DEC 

Figu re  8. Long-Lived Airborne 
Par t i cu la te  Radioactivity 
Atomics International  
Headquar te r s  - 1961 



COUNTING AND CALlBRuTION PROCEDURES 

Environmental s o i l ,  vegetat ion,  a i r ,  and water  samples a r e  

counted f o r  alpha and beta-gamma r a d i o a c t i v i t y  i n  automatic 

propor t ional  counting systems. The sample-detector conf igura t ion  

provides nea r ly  a 2 ?f geometry. The d e t e c t o r  has a t h i n  window 

and i s  con t inua l ly  purged wi th  a 90% argon, 10% methane counting 

gas. A p rese t  count mode of operat ion is  used f o r  a l l  samples; 

however, an overr id ing  p rese t  t ime i s  a l s o  used f o r  alpha counting 

t o  prevent t h e  unnecessar i ly  long counting of samples wi th  extremely 

low a c t i v i t i e s .  The minimum de tec t ion  l i m i t s  shown i n  Table X I 1  

were determined using t y p i c a l  va lues  f o r  prese t  count,  p rese t  t ime, 

system e f f i c i e n c i e s ,  background count r a t e s  (approximately 0.03 

cpm cf. and 12 cpm p.- ), and sample s i ze .  

MINIMUM DETECTION LIMITS 

-x- Standard Er ro r  

Counting system e f f i c i e n c i e s  a r e  determined r o u t i n e l y  using 
40 Ra WE+F (with and without  alpha absorbers)  and K . Potassium-40, 

i n  t h e  form of s tandard  reagent  grade KC1 ,  is  used t o  s imulate s o i l  

d vegeta t ion  samples f o r  purposes of c a l i b r a t i o n ,  It  has a 

s p e c i f i c  a c t i v i t y  of approximately 830 dpm per  gram of K C 1  and a 

b e t a  energy of 1.33 mev. I ts  advantages a r e  pur i ty ,  long ha l f -  

l i f e ,  c r y s t a l l i n e  form, and low cos t ,  A seeming disadvantage is  

i t s  b e t a  energy which i s  somewhat higher  than  t h a t  expected i n  

environmental samples; h ever ,  t h e  e r r o r  introduced by t h i s  higher  

energy has been proven i n s i g n i f i c a n t .  



I n  p r a c t i c e ,  K C 1  i s  s i eved  and d iv ided  i n t o  a l i q u o t s ,  

i nc reas ing  each i n  100 mil l igram increments from 100 t o  1200 

mil l igrams.  These a l i q u o t s  a r e  placed i n  s t a i n l e s s - s t e e l  p lanchets  

of t h e  t y p e  used f o r  s o i l  and vege ta t ion  samples and counted i n  t h e  

p r o p o d i o n a l  count ing system. The r a t i o  of sample a c t i v i t y  t o  

observed n e t  count ing r a t e  f o r  each a l i q u o t  i s  p l o t t e d  as a 

func t ion  of a l i q u o t  weight ( s e e  Figure 9). The c o r r e c t i o n  f a c t o r  

( r a t i o )  corresponding t o  each s o i l  o r  vege ta t ion  sample weight i s  

obta ined  from t h i s  graph and mul t ip l i ed  by t h e  n e t  sample counting 

r a t e  t o  o b t a i n  sample a c t i v i t y  (dpm). Th i s  method has been proved 

usab le  by apply ing  it t o  va r ious ly  s i z e d  a l i q u o t s  of uniformly 

mixed environmental samples and observing t h a t  t h e  r e s u l t a n t  

s p e c i f i c  a c t i v i t i e s  f a l l  w i t h i n  t h e  expected s t a t i s t i c a l  count ing 

e r r o r .  









C. COUNTING AND CALIBRATION PROCEDURES 

Environmental s o i l ,  vegetation, a i r ,  and water samples a r e  

counted f o r  alpha and beta-gamma rad ioac t iv i ty  i n  automatic 

proportional counting systems. The sample-detector configuration 

provides nearly a 2 j'f geometry. The detector  has a t h i n  window 

and i s  continually purged with a 90% argon, 10% methane counting 

gas. A preset  count mode of operation i s  used f o r  a l l  samples; 

however, an overriding preset  time i s  a l s o  used f o r  alpha counting 

t o  prevent t h e  unnecessarily long counting of samples with extremely 

low a c t i v i t i e s .  The minimum detection limits shown in Table X I 1  

were determined using t yp i ca l  values f o r  preset  count, preset  time, 

system ef f ic ienc ies ,  background count r a t e s  (approximately 0.03 

cpm 4 and 12 cpm ,L3 -Y )  , and sample s ize .  

TABLE X I 1  
MINIMUM DETECTION LIMITS 

I Sample I ~ c t i v i t ~  I Minimum Detection ~ i m i t s * ]  

-#. Standard Error 

Counting system ef f ic ienc ies  a r e  determined rout inely  using 
40 Ra D+E+F (with and without alpha absorbers) and K . Potassium-40, 

i n  the  form of standard reagent grade KC1 ,  i s  used t o  simulate s o i l  

d vegetation samples f o r  purposes of cal ibra t ion.  It has a 

spec i f i c  a c t i v i t y  of approximately 830 d p  per gram of K C 1  and a 

beta energy of 1.33 mev. Its advantages a r e  puri ty,  long half- 

l i f e ,  c ry s t a l l i ne  form, and low cost .  A seeming disadvantage i s  

i t s  beta energy which i s  somewhat higher than t h a t  expected in 

environmental samples; however, t he  e r ro r  introduced by t h i s  higher 

energy has been proven i n s ign i f i c  




